100 METEMRS

Yvonne A,

ion,

Fig. 88. Alr-sample station locat







Table 105. Radionuclide concentrations in Enewetak air samples,

Concentration fCi/m3 (standard error, %)a
7Be 40K 54Mn 9521‘ 106Ru 137CS 144CC 239’2401)11 2381)11 (')thcr‘h
FRED UH3 -NDET -NDET 0.38+#10 0.114£20 <0.25 NDET 0.21+19 0.5+17 <0.003 NDET -NDET
UH5 944 -NDET 0.6+12 0.3+20 1.3+32 0.39%£17 1.1+18 0.0067+12 -NDI
UHS6 81410 4,5+16 ©,234+20 0.3+26 1.0435 0.41+£18 1,9419 0. 008616 -NDET
UH7 5813 -NDET 22+14 0,12+18 ~-NDET 1.145 0.36+£17 DET -NDET

0032126 0.0028122

-3 0 .
UHS8 40125 10432 0.8+20 -NDET <1.5 NDET <0.17 NIXT -NDET
0 001213 -NDET

-N

0

. 14125 -NDET < 0,29 NDET <0,036 NDET 0., 23136 0
0

0

UHI0 9543 -NDET -NDET 0.08+l4  0.42+20 0.4345  0.22+11 003421  -NDET
UHI1 110450 5.4424 -NDET -NDET  1.6432 0.34430 0.83+26 012420  -NDET
UHI2 6410 -NDET -NDET 0.03$22 <02 NDET  0.13£18 0.28+16 <0.03 NDET -NDET
VC1l -NDET -NDET -NDET -NDET -NDET “NDET -NDET -NDET ~NDET .
% VC21 116450 | 1.9m42 1. 2441 I
v VC12 81434 | 4. 0130 -NDET |
| 1. 336 2. 5419 *
AllA 52150 J_ -NDET -NDET 0.017+22
A11B -NDIET Y i 0.005+25
A1l 1,0IT10 =~ INLJIL 1
A11D | -NDET l
AllE + 27410 L
A12A 43150 -NDET 0,428
A12B -NDET 7.732 0.4+28
A12C l 15414 0. 5423
Al2D 6.0H40 0, 5+25
A1o1 l NN ONDYT |L w L "% .L “
Al2E Y NDET -NDET Y v ¥ Y Y Y
DAVID UH1 3845 ~-NDET 0.3t14 -NDET < 0,29 NDET 00,1523 -NDOET 0.025+06 -NDET
UH4 -NDET -NDET 6.4%12 0.2430 <0,46 NDET 0, 17432 0.4427 0.02447 0.008+9

<
0
[\"]
[\"]
-3
o
H
[9)]
o
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Table 105 (continued).

Concentration, fCi/m3 (standard error, %)%

239, 240

238

"Be 4%k ¥ Mn 957 106p, 1870y 14 Pu Pu Other”

JANET UH21 4115 -NDET -NDET -NDET <0.45 NDET 2.1&7  -NDET  0.006+16 0.007411

UH22 -NDET -NDET -NDET -NDET <1.0 NDET 0.44433 -NDET <0.006 NI  -NDIT

UH23 22410 9.2424 1.3+10 -NDET <0.9 NDET 0.71%17 -NDET <0.008 NIET  -NDET
SALLY UH24 53%18 -NDET -NDET -NDET <0.65 NDET 0.66+19 -NDET  0.005%21 -NDET

UH25 6042 -NDET -NDET 0.2+18 <0.34 NDET 0.34+13 1.5+12 0.0011419  -NDET
YVONNE UH26 16749 -NDET -NDET ~-NDET <0.86 NDET 0.49+24 2, 5423 1,845 0.04 9

UH27 193+2 -NDET -NDET 0.446 1.6422 0.8245 3,747 2.6+13 £0.14 NTTT b

UH28 143422 22425 -NDET -NDET <3.3 NDET <0.58 NOET -NDIST 1. 1412 0.13113 b

VC31 -NDET 25437  1.1443 ~NDET CNDET  =NDET  0.4940 CNDIT

veal -NDET 1.5+34 -NDET

vC32 4.2423 -NDET 0.033+14

VC42 190150 -NDET 2. 1423 -NDET

A21A 152450 0.6+34 2. 6166 0. 18425

A21B -NDET 32+l11 -NDET -NDET ~NDET

A21C 16424

A21D -NDET

A21E 17419

A22A 41415 21+12  0.5%30 0.011422

A22B  7.5460 1517  0.5%35 0.01+18

A22C -NDET 15425 0.5+43 “NDET

A22D -NDET -NDET 0.0744Y

A22E -NDET -NDET v ' + * + 0.022+12 ¢

ANDET = Not detected (when preceded by a dash, the limit of sensitivity was not established. )

b

241 A m (0.30432):

125

Sb (0, 27124):

103

Ru (5. 5+17).




Not detected (when preceded by a dash, the limit of sensitivity was not established.)

ANDET
b

241 01 (0. 30232); 12%8pb (0. 27124): 103Ru (5. 5+17).

Comparison of radionuclides in surface air (fCi/m”) on Enewetak,

Tab]_e 106.
Livermore, California, and Balboa, Panama.
Remainder of Livermore, Balboa, Panama,
Enewetak Calif, , 9°N T9°W,

yuclide YVONNE Atoll 1972 1972-1973
Tne <49-193 <6-116 90-250 43-143°
54 Mn <0.6-2.1 <0.14-4.0 - -
95, . <0.4-0.4% 0.03-0.3 0.005-0. 4 <0.9-8.5
103y <5.5-5.5% NDETP 0.29-3.4 -
125gp <0.27-0.27% NDET 0.04-0.23 -

. 106p, <0.9-2.6 <0.2-1.6 0.14-2.9 -
A137c_c, <0.49-0.82 <0.04-2.5 0.63-3.2 0.09-1.7
14 e $2.5-3.7 <0.22-1.9 0.24-3.1 0.7-11.2
239,240, <9, 03-2.6 <0.001-0.025  0.01-0.05 <0.001-0.030
238py <0.04-0.13 <0.0028-0.008 0.001-0.005 <0.001-0.003
2lam <0.3-0.30% NDET NDET NDET

4petected only one sample.

bNo‘c detected.
Oct. -Dec. 1972 range,

{Ci/1 (see the marine survey data). If
we assume the total 4OK (excepting the
filter material 40K) is a normal isotopic
constituent of ocean water, then we can
calculate an average air mass loading
equal to 2 mg/m3. This unusually high
Mmass loading partially clogged the filter
Mmedia during the sampling. If this total
airborne salt is from CACTUS crater,
then only 0. 012 fCi/m° of 23%Pu can be
Contributed to the 1.1 fCi/m3 found in
Sample UH28,

another surface source exists because

We must conclude that

the oceanborne contribution cannot be
any higher than 0. 1% of the total.

Some observations regarding the
climatic conditions which existed during
the survey may be appropriate at this
point. As is shown in Table 104, most
of the air samples were taken during
the period from November 28 to December
19 (only two samples were taken on FRED
and two on DAVID before typhoon OLGA
struck). Wind speeds were almost always
greater than 10 knots and often greater
than 20 knots at all sampling locations.

In addition, frequent light rain showers
served to keep the ground surface damp.
Table 107 presents climatological data

which have been published for Enewetak
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It is apparent that

December represents a fairly average
month so far as total rainrall and rainfall
frequency are concerned, while average
wind speeds are higher than those ob-

served most of the year.

JANET
Three UHVS 24-hr samples were
obtained on JANET from December 4 to

9. Wind speeds ranged from 10 to 20
knots, and rainfall during this sampling
period was higher than ror most days in
the Atoll during the survey, Using
information from the aerial survey, a
sampling location was chosen in the area
of highest activity (Fig. 85). This area
contained surface contamination in soil,
in pCi/g, as follows: B30 (av 15,
range 0. 6-180), 23913

1-170), and 60

u (av 8. 5, range

Co (av 2.0, range 0. 1-6).

SALLY

Two UHVS 24-hr samples were ob-
tained on SALLY from December 13 to
15. Rainfall was very low in this interval,
and winds were stronger than usual.
The sampling location was chosen on the
basis of the aerial survey (Fig. 88).
Subsequent to the sampling, it was
learned that the sampling location was
an old Radiation Exclusion (Radex) area
which contained surface contamination
in soil, in pCi/g, as follows: 137Cs
(av 3.7, range 0.4-30), 239Pu (av 7,
range 0.2-130), and 60Co (av 0.7, range
0. 1-69).

YVONNE

Air sampling using UHVS's, VCS's,
and ACI's was carried out from December
3to 19, 1972. The portable UHVS was

-370-
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lelded for three davs in thie area o

4]

highest plutonium surrace activity
recorded for YVONNE (Figs. 87 ang g )
The surface soil has been describeq
previously in connection with the goj]-
sampling program.

Winds were generally high and gusty,
during the sampling of YVONNE, gang “
light daily rainfall was frequent. Ajp
was sampled downwind from CACTUS

erater on December 17-19, using the ’
UHVS,

Results and Conclusions

A number of radionuclides were de-
tected in the surface air of Enewetak
Atoll, including 'Be (53 ), 19K (1. 26
10° y), *Mn (303 a), 2°Zr (65 @), 103y,
(39.6 ), "9%Ru (1y), 1Osb (2.7 y),
137Cs (30 y), and 239Pu (2.4 104 v),
238py (86 y), and 241 Am (458 y).
for all samples collected are shown in
Table 105. 7Be and 40K are naturally

54 95 103

occurring activities. Mn, Zr, Ru,

1
06Ru, 12SSb, and 144Ce are intermediate-

Data

lived activation and fission products found
in current worldwide fallout, but present
in Enewetak soils in only very reduced
quantities due to radioactive decay over
the long period since testing ended.
;flnger—lived 137Cs, 238Pu, 239P

Am in air could result from either

u and

local resuspension or from worldwide
fallout,

The natural 7Be provided convenient
order-of-magnitude verification of the
accuracy of air volume measurement.
"Be is formed by cosmic-ray interactions

with 1N in the troposphere* and is found

“P. F. Gustafson, M. A. Kerrigan, and ;38

S. IS‘7 Bar, '"Comparison of Be’ and <
Csl3 Radioactivity in Ground Level
Air," Nature 191, 454 (July 29, 1961
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Table 107,

Climatological data for Kwajalein and Enewetak®,

Percentage of total time at each wind-speed interval

Jan Feb Aar Aor AMay June July Aug  Sept Oct  XNov Dec Av
ind speed, }-:notsb
5-3 1 1 1 J 1 1 6 10 18 9 3 1 4.2
:-10 15 12 22 20 27 27 49 60 59 63 +2 20 34.7
<1-21 68 80 70 73 59 70 44 29 24 28 33 70 56.7
22-33 15 7 7 3 3 2 1 1 1 0 2 .4
~133 1 0 0 2 0 0 0 0 0 0 0 0
prevailing wind
sirection and NE NE XNE XNE NE XE E/NE E NE NE XNXE YNE --
{yequencyb 86% 87% 81% T 67% 64% 36% 319% 27% 33% 35539 747, --
each

. Yr. of
precipitation Yr record
iv, amount, in, 1.02 1.84 1.86 1.283 4,57 3.37 6.45 6.81 6.24 9.09 6.30 2.63 m 30
Greatest amount, 1.8510.21 7.33 2.26 18,38 7.03 15.35 14.41 13.17 18.07 17.38 0.18 69.86 13

Least amount, in. 0.12 0.40
\Mean number of
days, 0.0l in, or 11 10

more,

0.37 0.38 0.37 1.33 1.36 4.22 1.53 2,60 1.94 0.86 24.42 13

13 13 16 16 21 21 20 21 21 16 198 10

&5, s, Hydrographic Office, Sailing Directions for the Pacific Islands, H. O. Pub. No. 82,

Vol. 1, Second Edition (1964),

b\Vind data for Kwaialein.

updated to Dec. 5, 1970,

cF’recipitation data for Enewetak,

‘n surface air in concentrations of approxi- which is at nearly the Enewetak latitude. Tt

., 3 7
mately 100 fCi/m T we compared The range of "Be values for Enewetak
our Enewetak data with Livermore, Atoll, Balboa, Panama, and Livermore,
Calif, data"* (typically higher due to Calif. are in reasonable agreement

slower rainout of the condensation nuclei), (Table 106).
and with data taken at Balboa, Panama,

TOne femtocurie (fCi) equals 10712 curie,
or 0. 0022 disintegration per minute.

-
P, H.,Gudiksen, C. L. Lindeken,
J. W, Meadows, and K. O. Hamby,
Environmental Levels of Radioactivity

in the Vicinity of the Lawrence Liver-

Mmore Laboratory, Lawrence Liver- T_THealth and Safety Lab., HASL-276,
UCRL-51333 Appendix, Fallout Program, New York,
Oct. 1, 1973.

more Laboratory, Rept.
(1973),




ENGINEERING SURVEY —
RADIOLOGICAL ASPECTS

O. D. T. Ly¥nch, Jr.

Nevada Operations Office

U. 3. Atomic Energy Commission
Las Vegas, Nevada

Purpose and Scope

As part of the Enewetak precleanup
survey, the Defense Nuclear Agency
(DN A) contracted with Holmes and
Narver, Inc, (Hand N) to conduct an
engineering survey of Enewetak Atoll in
December 1872, The purpose of this
survey was to identify and examine all
existing structures now on the Atoll, pro-
vide their descriptions, and develop cost
estimates for removal of such structures
An addi-

tional purpose was to develop plans for

as part of the cleanup effort.

such a cleanup and the necessary support,
including the setup of a large camp facility
required to implement cleanup activities,

Each island was visited by the engineer-
ing team, and each structure was located,
examined, categorized, and indicated in
The re-
sults of this engineering effort were
reported to DNA.*

the notes and on the drawings.

Radiological support was provided to
the engineering survey by a team of AEC
and EPA personnel. The purpose of the
radiological effort was twofold:

e To provide radiological safety support
to the engineering team on those
islands which had known or suspected

radiological hazards.,

e To survey, evaluate, and report the
radiological conditions of the structures

and scrap on these islands,

*Engineering Study for a Cleanup Plan,
Enewetak Atoll - Marshall Islands,
Holmes and Narver, Inc,, Repts.
HN-1348. 1 and HN-1348, 2 (1973).
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[slands Requiring Radiologi(mgm B
The islands for which radiologicg)

support was required and for which

measurements were reported were.

ALICE, BELLE, CLARA, DAISY, EDNg

IRENE, JANET, PEARL, SALLY,

YVONNE,

surface ground zeros (SGZ) and one,

and
Of these ten islands, five hag

EDNA, was little more than a sandbar,
The islands of IRENE, JANET, PEARI.
SALLY, and YVONNE had SGZ' s ang thus
had possible radiological hazards, The .
remaining five islands had received heavy,

close-in fallout,

Instrumentation

Since the purpose of the radiological
support was to survey structures and
scrap, not areas, and to provide radio-
logical safety services, instrumentation
specific for that purpose was used, A
detailed description of each instrument is
provided in the Terrestrial Soil and Radia-
tion Survey chapter of this report and will
not be discussed here, However, it is
appropriate to identify at this point the
instrumentation used and the reason for
the selection,

During the engineering survey effort
the only alpha survey meter available for
field use was the PAC-IS.

ment was used only on those islands

This instru-

where surface ground zeros were located. 5°
Since this survey was performed at the &
end of the rainy season, alpha emissions
were effectively masked by the moisture

on structures and scrap surfaces. For

this reason, the alpha survey meter was
really only useful for personnel monitori® !
prior to.leaving a contaminated island, ?
particularly YVONNE.

Beta-gamma radiation detection was




pro\'ided bv the E-500B and Ludlum
\fodel 3 survey meter with pancake probe.
The £-500B was used for high-range
radiation levels (greater than 3mR/hr) and
the Ludlum for lower levels of beta and
low-energy gammar-radiation emitters on
scrap metal and structures.

Low-level gamma exposure rates (less
than 3mR/hr) were measured with the

Baird- Atomic scintillator,

rxecution of the Radiological Support Effort

The engineering survey effort was
carried out by Holmes and Narver, Inc.,
under the direction of Earl Gilmore, Project
Manager, H and N, Las Vegas, Nevada,

The radiological support effort was directed
by O. D. T. Lynch, Jr., NVOO, USAEC
who was assisted by William E. Moore,
James R, Martin, Rex Price, and Jack
Thrall of EPA, Las Vegas.

Radiological survey measurements of
structures and scrap metal were recorded
directly on as-built drawings provided by
Hand N. These drawings were also used

by the engineering team to locate the

structures they were examining.

As a part of the radiological support
provided to the engineering survey, single
profile soil samples were collected on each
of the following islands: IRENE, JANET,
PEARL, SALLY, ALICE, BELLE, CLARA,

and DAISY, These soil samples were
taken to a depth of 40 to 60 cm from con-

taminated areas noted during the November
The results

of analyses of these profile samples are
included in the Terrestrial Soil and

Radiation Survey data. The locations of

aerial radiological survey.

these special soil sample profiles are
indicated on the "f'" series of figures in
Appendix II,

Radiological Results

As a result of the radiological monitor-
ing and safety support, none of the team
members received any significant
external exposure to radiation, Subsequent
urine samples and whole-body counts from
selected members of the monitoring team

indicated that no detectable exposure was

received due to internal deposition of

radionuclides.

Scrap and Structure Survev

Contaminated structures and activated/
contaminated scrap were found on a
number of islands. The locations of this
scrap and the contact exposure rates
measured are indicated on the as-built
drawings that follow (Figs. 89 through 113,
inclusive)., Area exposure rates and
approximate isopleths are also shown, so
that a simple comparison can be made
between scrap radiation levels and the

surrounding "background. "

In many cases, the contact exposure
rate was not significantly different from
the surrounding area exposure rate. In
this situation, the determination of
whether or not the scrap was contaminated
was inconclusive, This determination
could be made only if the scrap were to
be removed from the high background
area and resurveyed, Such a procedure
was not considered warranted at this
time, Rather, it is suggested that the
scrap be assumed contaminated if it rests
in an area where exposure rates are, say,
greater than 100 uR/hr.

Radioactive scrap conditions are sum-
marized in Table 108, on an island-by-
island basis. In general, the scrap
found on ALICE, BELLE, CLARA.

DAISY, and EDNA is apparently not con-
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Table 108,

Radioactive scrap conditions by island,

Relative scrap

[sland queantities Scrap radioactivity Remarks

ALICE Signiiicant Apparently not con- Background is W 1o
taminated above 170 uR/hr.  An M-be
background. wreck on beach readsat

8 mR/hr.

BELLE Insigrilicant Apparently not con- Background up to
taminated above 250 uR/hr,
background,

CLARA Insigrificant Apparently not con- Background up to
taminated above 100 4uR/hr.
background.

DAISY Insigrnificant Apparently not con- Background up to
taminated above 140 uR/hr.
background.

EDNA None Not applicable. Sandbar

JANET Large Up to 8 mR/hr. Activated scrap metaj

in all sizes can be
found in piles or indi-
vidual pieces scattered
over the island,

PEARL Small Up to 5 mR/hr, Confined to SGZ area,

SALLY Large Scrap metal up to Most scrap metal is
120 uR/hr; concrete apparently not con-
su§faces, alpha to taminated, Several
10° dpm/50 cm?, structures contain

plutonium-contaminated
debris.

YVONNE Large Activated/contaminated Most scrap metal is

to 60 mR/hr.

activated or contam-
inated, Also much
plutonium contamina-
tion.

—
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Fig. 90. Scrap and structure radiation measurements, ALICE, EAST,
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Scrap and structure radiation measurements, BELLE,
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Fig. 92, Scrap and structure radiation measurements, CLARA,
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Fig. 96.

Scrap and structure radiation measurements, HELEN and IRENE.
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Fig. 100, Scrap and structure radiation measurements, JANET,
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Scrap and structure radiation measurements, RUBY and SALLY.
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Scrap and structure radiation measurements, YVONNE,
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,J_,nmated above the area background
-.,v;cls (up to 250 uR hr), if at all. The
'\‘.ﬁy exception zppears to be the wrecked
-,;—iooat on the east end of the lagoon
;each of ALICE. The contact exposure
~ate measured on this scrap was aoout

¢ mR/hr.

The island of JANET has large quanti-
..es of radioactive scrap metal and debris
scattered all over it. Contact exposure
rate measurements orf up to 8 mR. hr were
abserved at the old ITEM SGZ on the north
cnd of the island, XNear the EASY 3GZ,
scrap piles and individual pieces of metal
~ead several mR'hr, Structures on the
island exhibit some residual surface con-
tamination (below 100uR/hr) which seems
to be on the SGZ-oriented and upper sur-
faces of the concrete,

PEARL has a small quantity of scrap
material, all near the SGZ. The metal
is measurably activated, with contact
measurements of up to > mR/hr.

The concrete blocks near the SGZ also
exhibit surface contamination of several
hundred uR/hr.

SALLY has large quantities of scrap,
most of which is near the shoreline on
the northern sides of the islands., JMlost
of this is apparently not contaminated,

On the other hand, several small concrete
blocks and other structures apparently
contain plutonium-contaminated debris.

At least six such structures have been
identified,

The most contaminated island in the
Atoll is YVONNE.

Scrap metal are found on the beaches,

Large quantities of

the ocean reef, and in the interior of the
island, Nearly all of this scrap is
ictivated and/or contaminated. A very

large pile of scrap metal near the

ERIE SGZ, just north of the airstrip,
exhibited contact readings of 60 mR/hr.
Concrete structures on YVONNE,

north or the airstrip, exhibit surface
contamination with levels of several
hundred uR/hr. South of the airstrip,
scrap metal and structures do not

appear to be contaminated.

Limitations on Results

Although the H&N Engineering Survey
was thorough, there are several limita-
tions which must be placed on any inter-
pretation of this evaluation of radioactive

scrap and structures:

e [t must be kept in mind that the survey
covered only structures and scrap
which were on the surface, visible and
accessible, No attempt was made to

search for any buried scrap or unknown

structures., No known buried contami-

nated debris was unearthed or surveyed

® Except for grossly obvious structures,
only structures which appeared on the

H&N as-built drawings were examined.

e If a precise estimate or evaluation of
the amount of radioactive scrap is de-
sired, it must be realized that it was
not possible to survey each piece of
scrap nor seek out the location of all
scrap piles, Therefore, additional

radioactive scrap may still be hidden

in the dense vegetation.

Conclusion

Scrap-metal debris found on those
islands which did not have surface ground
zeros is probably not contaminated to any
significant degree. The only exception to
this would be the wrecked M-boat on

ALICE, which presumably drifted there

-425-




after a test,

Scrap metal on those islands which had
SGZs was found to be radioactive to some
degree, Some of this scrap was contamin-
ated or activated to levels as high as
60 mR/hr.

The possibility of having buried scrap is
It should

not be overlooked when developing cleanup

very real on the SGZ islands.

estimates for Enewetak Atoll,

ANALYTICAL PROGRAM

R. W. Hoff, J. W. Meadows,

H. D. Wilson, A. L. Prindle,
R. Gunnink, and K. O. Hamby
Lawrence Livermore Laboratory
Livermore, California

Introduction

More than 5000 samples were collected
during field operations of this survey, and
approximately 4500 samples were selected
for analysis. This chapter describes the
analytical program required to provide
measurements of significant nuclides in
these samples. A breakdown of the
samples submitted for analysis is given
in Table 109a. _

Sample treatment can be described in
a general way as consisting of three
phases: initial processing, gamma
counting, and so-called "wet-chemistry"
analyses. The latter phase involved dis-
solution of a sample, followed by chemical
isolation of specific elements and radia-
tion counting of elemental samples,

For most samples, initial processing
consisted of selecting appropriate parts
of a field sample, drying, homogenizing,
and packaging, The selection process
was provided by dissection of fish, rats,

birds, etc., whereas it was unnecessary

-426-

for soil samples. Drying was accomplish,d
by heating in ordinary ovens for Soils, !
vegetation, and fish specimens, or by the
freeze-dry process for rat, bird, apq
crab samples. During initial PFOCESsing.
samples were converted to forms appro-
priate for gamma counting,

All of the samples were counted op
Ge(Li) detector systems to determine
their gamma-emitting constituents,

Most of the samples were put through
a wet chemical analysis, either by
destructive analysis of a sample which
had been gamma-counted first (as wag
the case for most of the fish, vegetation,
animal and air-filter samples) or by sub-
mission for wet chemistry of a separate
aliquot of sample (as was the case for
most of the soil samples). The latter
approach required reasonably homogeneous
samples at the end of initial preparation,
Minor exceptions to this general scheme
of treatment are the seawater samples,
where extensive chemical separation pro-
cedures were required during initial
preparation before any gamma counting
could be performed. Wet chemical
analyses were needed to measure concen-
trations of certain nuclides that cannot be
detected with acceptable sensitivity by
gamma counting; examples of such nuclides
e 239Pu and 240
alpha emitters (with almost identical
90Sr-gOY, both beta

emitters with no accompanying gamma

ar Pu, predominantly

energies), and

radiation,

Because complete analysis of these
4500 samples was a very large under-
taking, scientists from a number of
organizations participated in the analytical
program, A listing of these organizations

and some of the scientists who were
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for soil samples. Drying was accomplishq
by heating in ordinary ovens for soils,
vegetation, and fish specimens, or by the
freeze-dry process for rat, bird, apg
crab samples. During initial Processing,
samples were converted to forms appro-
priate for gamma counting,

All of the samples were counted op
Ge(Li) detector systems to determine
their gamma-emitting constituents,

Most of the samples were put through
a wet chemical analysis, either by
destructive analysis of a sample which
had been gamma-counted first (as wag
the case for most of the fish, vegetation,
animal and air-filter samples) or by sub-
mission for wet chemistry of a separate
aliquot of sample (as was the case for
The latter

approach required reasonably homogeneous

most of the soil samples).

samples at the end of initial preparation,
Minor exceptions to this general scheme
of treatment are the seawater samples,
where extensive chemical separation pro-
cedures were required during initial
preparation before any gamma counting
could be performed, Wet chemical
analyses were needed to measure concen-
trations of certain nuclides that cannot be
detected with acceptable sensitivity by
gamma counting; examples of such nuclides
e 239Pu and 240
alpha emitters (with almost identical
90Sr-goY, both beta

emitters with no accompanying gamma

ar Pu, predominantly

energies), and

radiation,

Because complete analysis of these
4500 samples was a very large under-
taking, scientists from a number of
organizations participated in the analytical
program, A listing of these organizations

and some of the scientists who were
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responsible for this analytical program are
as follows: ldessrs. . L., Geiger an

11, A. Sanchez. LEberline Instrument
Corporation (EIC), Santa Fe, New Mexico;
\lessrs. W, T, Alajor., R, A Wessman,
and L. Leventhal, Laboratory for
[slectronics, Environmental Analysis
Laboratories Division (LFE), Richmond,
California; Lawrence Livermore Labora-
tory (LLL), Livermore, California;

Drs. V. A. XNelson, W, R, S5chell,

and A. H. Sevmour, Laboratory of
Radiation Ecology (LRE), University of
Washington, Seattle, Washington; and
Colonel R, C, McBryde, Major W. A,
AMyers, Major W. A, Rush, Captain

J. R. Baca, and Captain Ii. T. Hawkins,
McClellan Central Laboratory (MCL),
Sacramento, California (a U, S. Air
Force organization), A listing of labora-
tory participation in each phase of the
analytical program is given in Table 109a,
[nitial processing of samples was per-
formed at LLLL and at LRE. All gamma
counting was done at LLLL., The wet-

chemistry effort was split between MCL,

-427-

LFE, EIC, and LRE, with some special
znalvses pertormed at LLLLL.

Samples were initially numbered at
Enewetak at the time of collection, In
addition, personnel working at a sample-
receiving station on Enewetak assigned
each sample a survey ID number accord-
ing to the scheme listed in Table 109b,

The first two digits of this number indicate
tvpe of sample, the next four digits are
sequential and identify a sample uniquely,
and the last two digits identify the island
(or area nearby) from which a sample was
collected. Thus, each sample usually had
two numbers associated with it, the survey
ID number and a field-collection number,
The latter category is comprised of
numbers chosen by different field-
collection teams and with varying formats,
Considerable care was exercised in identi-
fying samples; instances of confusion

were relatively rare. The analytical

data for each sample are identified by

the appropriate survey ID number. Data
for each sample are listed in Appendix II

on microfiche,



Table 1089a, Enewetak sample analysis

Number of

cample listing and laboratories,

samples Initial Gamma
Sample type analyzed processing counting Wet chemistpy
\
Soils, total LLI.L All samples MCL, LFE, El¢
Surface, 0-13 cm 870 Were gamma-
(and 0-5 cm) counted at
) LLL.
Profile sampies 2135
TLD samples 14
Biota group samples 20
Standards, background
samples 18
Sediments } 345 LLL MCL, LFE, FIc
Cores LLL MCL, LFE, EIC
Marine samples 410 LRE MCL, LFE, LRE
[nvertebrates and
vertebrates
Algae 3 LRE LFE
Plankton 16 LLL MCL
Vegetation (terrestrial) 216 LLL MCL, LFE
Animals (terrestrial) 274 LLL MCL, LFE
Rats, crabs, birds,
eggs, etc.
Seawater 54 LILL LLI, LFE
Hydroxide fraction,
Cs fraction—
gamma counting
Pu, Sr fractions —
wet chemistry
Freshwater 4 LLL MCL, LFE
Water samples,
distillation,
plant residue
Air samples 67 LLL MCL
High volume (20),
low volume (23),
Anderson cascade
impactor (24)
Seawater filters, TW 28 LRE None required
Total samples analyzed 4,474
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Table 109b, Survey ID number scheme,

Teneral form: AB-XXXX-CD
where AB are two digits which indicate sample vpe,

NXXX are four digits which were assigned sequentially and which
identifyv the sample uniquely, and

CD are two digits which indicate location of sample collection.

gpecific example: 09-0577-20

where 09 indicates a marine sample, vertebrarte (in fact, the sampie
is bone from a snapper fish),

-]

~1

identifies this sample, and

N O
[N}

indicates collection in proximity of TILDA,

Sample-type identifier, first two digits:

01 General soil classification, used where depth informartion
is not known or for biota soil samples.

Soil samples, classified according to depth:

29 0-10 cm 44 75-85 cm 74 40-50 cm
30 0-2 c¢m 45 85-95 ecm 75 50-60 cm
31 0-5 cm 46 95-105 cm 76 60-70 cm
32 0-15 cm 47 105-115 ¢cm 1 70-80 cm
3 2-5 cm 48 115-125 cm 78 80-90 cm
34 5-10 cm 49 125-135 cm 79 90-100 ¢m
35 10-15 cm 50 135-145 cm 80 100-110 cm
36 15-20 cm o1 145-155 cm 81 110-120 ¢m
37 15-25 cm 52 155-165 cm 82 120-130 cm
38 20-25 cm 53 165-175 cm 83 130-140 cm
39 25-35 cm 54 175-185 cm 84 140-150 ¢m
40 35-45 cm 70 0-10 cm 85 150-160 cm
41 45-55 cm 71 10-20 cm 86 160-170 cm
42 55-65 cm 72 20-30 cm 87 170-180 cm
43 65-75 cm 73 30-40 cm 88 180-190 cm
-429-




Table 109b (continued)

02
03
04
05
06
07
08
09
10
11
12
13
14

15

Algae
(designation not in use)
Plankton

Samples from lagoon floor, sediments, cores.

Seawater

Coral (pieces broken from living coral heads)
Marine, invertebrate

Marine, vertebrate

Vegetation

Animal, terrestrial

Potable water

Air, high-volume sampler

Air, low-volume sampler

Alr, Anderson cascade impactor

Location identifier, last two digits:

01
02
03
04
05
06

07
08
09
10
11
12
13

14
15
16
17
18

ALICE 19 SALLY 37
BELLE 20 TILDA 38
CLARA 21 URSULA 39
DAISY 22 VERA 40
EDNA 23 WILMA 41
FLORA 24 YVONNE 42
{Mike crater)
GENE 25 (not in use) 43
HENRY 26 SAM 44
IRENE 27 TOM 45
JANET 28 URTAH 46
KATE 29 VAN 47
LUCY 30 AL VIN 48-51
PERCY 31 BRUCE 52
MARY 32 CLYDE 53
NANCY 33 DAVID 54
OLIVE 34 REX 60
PEARL 35 ELMER 61
RUBY 36 WALT 62
70
7
78

dredge sampleg, oL

FFRED
GLENN
HENRY
IRWIN
JAMES
KEITH

LEROY

MACK

OSCAR

LLL Whaler
LCU, Navy vessel

(not in use)

Palumbo, AEC

research vessel
Wide passage
Deep passage
Kwajalein
Meck-Kwajalein
Enewetak-Kwajalein
Midway island
Ujilang atoll

Sacramento, Califorma
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nitial Processing of Field Samples

Soil and Sediment Samples

This class of sample, bv far the
largest category, was treated at LLL in
a part of Building 412 devoted entirely
to this task. The treatment consisted of
drying, pulverizing, blending, packaging,
and doing a preliminary gamma count,
with sufficient sample, three packages
were produced, an aluminum ''tuna can"
containing 300-350 g and two vials con-
taining 50 g each.

The facility was set up and equipped
in the following manner, Since the area
used for this work is adjacent to a hot-
cell facility, and although this area had
been used very little in the past two years,
the laboratory space was carefully sur-
veyed for possible radioactive contamina-
tion. Swipe samples were taken from the
floors, and particulate matter in the air
was collected on small filters. These

samples were checked for 60Co, 137CS,

and 239+240Pu content; there was no
detectable contamination. The area was
considered suitable for initial processing
of soils. This mecnitoring program was
continued throughout operation of the
facility; activity above background levels
was detected in only a few instances.

Drying ovens were designed and built
to permit initial drying of samples at
~710°C. Two ovens were constructed of
asbestos board with steel shelves inside;
two 300-W air heaters were used to blow
warm air into each unit, along with a fan
in the vent pipe. Final drying was
accomplished in a large commercial
drying oven at 150°C,

Grinding of samples was accomplished

by placing a sample in a 1-gal paint can

-431-

along with a number of 1-in. steel balls,
The cover of each can was taped securely;
then the entire can was covered with a
galvanized-steel jacket which was held in
place by two large rubber "O" rings.
This arrangement eliminated problems
encountered early in the operation when
can lids fell off during ball milling,
Machines were built to permit rolling of
48 samples at a time and were usually
operated overnight to provide 15-24 hr of
grinding.

Packaging, weighing, and labeling of
samples were performed by hand. Within
the laboratory space there were three
hoods which provided a flow of air into
and up the hood. All work with finely
divided soil was performed in these
hoods. Before each sample was packaged,
clean paper was laid out on the hood bench.
Care was taken to prevent cross-
contamination of samples., A series of
low-level coral soils was treated at
various times during operation of the
facility; results of these background
samples are presented in the quality
control section of this chapter.

The following is a detailed description
of the operations in the Building 412
facility:

e The samples were first unpackaged
from the shipping container and logged.
Notes were taken on the appearance of
each sample (e. g., amount of organic
matter, color, presence of large
chunks, etc.). If samples contained
appreciable water (e. g., certain sedi-
ments were quite wet), the solid
material was allowed to settie, and the
water was carefully decanted without

loss of fine particles,




® The samples were then transferred to
a disposable aluminum cake pan and
covered with aluminum foil. Holes
were punched in the top of the foil to

permit evaporation,

® The samples were then transferred to
preliminary drying ovens that were
designed to handle about 200 samples,.
These ovens were set at a temperature
of ~70°C and run continuously. The
average residence time per sample

was 48 hr.

® To assure that the samples reached
complete dryness, a second oven was
used. This oven was set at ~150°C,
and the sample residence time

averaged ~ 3 hr,

e The samples were then transferred to
a l1-gal paint can and a dry weight
established. The weights of the

samples varied from 100 g to 2 kg.

® The samples were then ball-milled
using eight 1-in, steel grinding balls.
The average sample residence time in
the ball mill was ~ 15-24 hr.

e The finely ground soil™ was then pre-
pared for gamma spectrometry and
wet-chemistry analysis using two differ-
ent containers, The gamma-
spectrometry samples consisted of
tightly sealed tuna cans made of 0. 25mm
thick aluminum, The large can was
3.9 cm high, 8.3 cm in diameter, with
a cross-sectional area of 53,8 cm2 and
a volume of 210 cms. The small can

was 3.3 cm high, 6.0 c¢m in diameter,

*Finely ground soil is a goal which was
not always attained. In a few cases, the
presence of chunk of coral over 1 cm in
diameter was reported by the participat-
ing analytical facilities,

-432-

with a cross-sectional areg of 2%«
e AN p:z
Soilﬁsample
weights in these cans rangeg from |
00

to 375 g.

and a volume of 95 cc.

The wet chemical samples CONSisteq
) of

two vials, each containing soiy Weigh;
i

~50 g. One of the vials wag shippeg £
o

for chemical analysis, and gne held
a

a backup sample.

e The gamma-spectroscopy '"tuna cans”
were counted for gross gammas with 5
3 X 3-in. Nal detector; a 512‘Chanhol
Nal gamma spectrum was measureg
for those samples which exceeded 100
counts/min, These preliminary Naj
data served as a guide in scheduling
more precise measurements with

Ge(Li) detectors,

Approximately 3400 samples were pro-
cessed in the soil-preparation facility
between November 15, 1972 and June 1,
1973 by an average working force of
4-1/2 people, We wish to acknowledge
the dedicated effort of Messrs. SBern J.
Qualheim and James S. Schweiger in
supervising operation of the Building 412
facility. In addition to LI.L. personnel,
two experienced technicians were supplied
by Reynolds Electrical and Engineering
Company (NTS) for this work.

Other Samples and Specimens

Initial processing of other samples,
marine specimens, algae, plankton,
vegetation, terrestrial animals, and air
filters has been described in chapters
which also describe collection of these
samples in the field, For each type of
sample, the product of this processing
was a package suitable for gamma count’

. . . "
ing — either an aluminum '"tuna can

r3o

6



chere sufficient sample was available or,
iy the case of small samples, a plastic
package which was a right circular
cvlinder. Because of the versatility of
our gammar-spectroscopy data processing
code, it was unnecessary to require that
all of the small plastic packages be of
standardized dimensions and they could be

.aried according to sample size.

Gamma Spectrometrv

Gamma-spectrometric measurements
were made on all samples at LLL. The
work was accomplished by personnel in
the Radiochemistry and Biomedical
Divisions. In the Radiochemistry Division
effort, 4100 samples (90%) were counted
with eight Ge(Li) detector systems, three
of which included an automatic sample-
change feature. In the Biomedical Division
effort, 400 samples (10%) were counted
with four Ge(Li) detector systems. The
latter systems were devoted to counting
marine, vegetation, and animal samples,
all of which required long counts
{1/2 - 1 day each).

sample category, soils, were counted

Most of the largest

with the Radiochemistry systems which
had automatic sample changers; counting
times were a minimum of 133 minutes
each for the soils. All data were taken
with single detectors; no anti-coincidence
shielded detector systems were used to

count samples in this survey.

Description of Equipment

The gamma counting in Radiochemistry
Division was accomplished with a variety
of Ge(Li)-diode detector systems which
are listed in Table 110a, The diodes
Three

of the counting systems were automated.

varied in volume from 19 to 50 cc.

The automated systems, interfaced to a

PDP-8 computer, were capable of handling
16 samples per svstem, thus allowing
24-hr/day counter use. The remainder
of the systems could analyze one sample
at a time, and the data were removed
either by a manual dump onto a PDP-8
computer or by paper tape output., All
data were transferred to magnetic tape
and analyzed on a CDC-7600 computer as
described later in this section under
Identification of Nuclides.

The Biomedical Division Ge(Li) detec-
tor systems are listed in Table 110b, Data
taken with these systems were transferred
from memory storage in a pulse-height
analyzer to magnetic tape. Analysis of
the data was performed on a CDC-7600
computer with a separate code
(ANALYSE 5) whose operation has been

described by Phelps and Hamby™,

Calibration of Detectors

It was necessary to calibrate each of
the detector systems used on an absolute
basis. During the course of the Enewetak
survey, more than 20 different geometries
were encountered., Several of these con-
tainers were checked for calibration on an
while others were sub-
mitted to the GAMANAL code (see para-
graph below on Identification of Nuclides)
GAMANAL

is capable of making the proper correc-

individual basis,

as right circular cylinders,

tions on cylindrical geometries,
The majority of the samples were
packaged in aluminum cans with nominal

volumes of 95 and 210 cc. To check the

"P, L. Phelps and K. O, Hamby,
"Experience in the Use of an Anti-
coincidence Shielded Ge(Li) Gamma-Ray
Spectrometer for Low Level Environ-
mental Radionuclide Analysis', IEEE
Transactions on Nuclear Science,

NS-19 (1), 155, (1972),
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Table 110a,

summaryv of Ge(Li) detectors and svstems
used for gamma-counting Enewetak samples
bv Radiochemistry Division, LLL,

Detector and system

identifi~ation

Description

C2 Canberra 45-cc ''down-looker, "
automatic counting chamber No. 2,
PDP-8 control and dump.
N1 Nuclear Diodes 40-cc "down-looker, "
automatic counting chamber No, 1,
PDP-8 control and dump.
T3 Princeton Gamma Tech 50-cc "down-looker, "
automatic counting chamber No, 3,
PDP-8 control and dump.
S4 Nuclear Diodes 48-cc "up-looker, "
manual change,
PDP-8 control and dump.
A5 LLL 19-cc "down-locker, "
manual change,
paper tape output.
U8 Nuclear Diodes 25-cc ''up-looker, "
manual change,
paper tape output.
W7 Nuclear Diodes 48-cc ''side-looker, "
manual change,
paper tape output,
\' Nuclear Diodes 48-cc "side-looker, "
manual change,
paper tape output.
All systems except U use 4096-channel
analyzers. System U uses a 2048-
channel analyzer,
aluminum can geometry, a solution con- and Laboratoire de Métrologie des
taining accurately known amounts of 60Co, Rayonnements Ilonisants. Some standard
IOGRU, 137Cs, 152Eu, 155Eu, and 241 Am samples for the dried marine materials
was prepared. Aliquots of this solution were supplied by the University of
were dried and mixed with powdered coral Washington.
from Midway Atoll, The powdered coral Since large, fairly dense samples Were
was packaged in the aluminum cans and being counted, it was necessary to derive
used as a calibration standard. All of the self-absorption parameters, Self-
standard solutions used for calibration absorption is a function of mass and
were cross-checked with standards from atomic composition, The Enewetak sur-
the International Atomic Energy Authority vey samples were primarily calcium
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Table 110b. Summary of Ge(Li) detectors and systems

used for gamma-counting Enewetak samples
by Biomedical Division, LLL,

Detector and system
identification

Description

M7 18-cc detector operated at two different
gains; 1 keV/channel, 2048 channels, and
0. 25 keV/channel, 1024 channels.

W1 16, 5-cc detector, gain 0. 5 keV/channel,
4096 channels.

20 17-cc detector, gain 0. 5 keV/channel,
4096 channels.

28 19-cc detector, gain 1 keV/channel,

2048 channels.

All of the above detectors were housed in
4-in. lead shields.

carbonate and the composition was approxi~ the end of the Enewetak program, detailed

mated as a mixture of calcium and water, backgrounds were again measured to verify
A special counter was built to obtain a that counters had not been contaminated
good approximation of the calcium content during the program,
of each sample. The counter consisted of
a collimated 60-keV gamma-ray beam Sensitivity of Counters
with a thin Nal scintillation detector in The sensitivity of a counter for a given
the beam path. Count-rate measurements nuclide depends on the sample size,
were made on the unattenuated beam. A counter efficiency, the branching intensity
count-rate measurement was then made of the gamma rays, the length of the count,
with a sample in the beam path. With and the counter background. On a typical
calibration samples of known composition Enewetak coral sample (100-375 g) we
and with a sample of known density, the found that a count time of 133 min on the
count rates with and without the sample larger diodes was sufficient to establish

d in place could be used to calculate the a limit of less than 1 dpm/g for most

B percentage of calcium in the sample. gamma-emitting nuclides. 1In the case of
All of the background peaks in each marine, vegetation, animal, and air-

detector system were loaded into a filter samples, the sensitivity was limited

re special subroutine in GAMANAL cross- by sample size., For these samples the

ve referenced by detector. The computer minimum count time was 666 min and
then subtracted backgrounds at these ranged up to several thousand minutes.

energies before proceeding with the regu- Identification of Nuclides - Interference
lar analysis described below under Between Various Nuclides

Identification of Nuclides. During and at A general-purpose computer program
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called GAMANAL was used for the data
reduction and interpretation of all Radio-
chemistry-generated spectra. It examines
the pulse-height data for 'background"

and ''peak' regions, fits these peaks with
the proper shape functions, and corrects
for the effects of geometry, attenuation,
and detector efficiency in evaluating the
photon emission rate, The program then
proceeds to search a 'library" of decay-
scheme information in order to make
tentative assignments for each of the ob-
served peaks. A matrix of equations is
formed so that the intensity of each peak
is described as a linear addition of the
The

quantitative value, as well as the degree

identified nuclides present.
of interference, is the result of a least-
squares solution of this set of equations.
Unlikely components are also weeded out
in this process. A more complete
description is given in UCRL-51061,
Volume 1, *

For the Enewetak program, a special
library of nuclides was loaded into
GAMANAL,., Table 111 lists the half-
lives, energies, and branching intensi-
ties for these nuclides. These nuclides
were chosen because they are long-
lived products of nuclear explosions or

are naturally occurring radionuclides,

Uncertainties

There are many sources of error in
the measurement of gamma spectra;
generally only a few dominate and deter-

mine the accuracy of the reported values,

®R. Gunnink and J, B, Niday,
Computerized Quantitative Analysis by
Gamma-Ray Spectrometry, Vol, 1.
Description of the Gamanal Program,
Lawrence Livermore Laboratory,
Rept. UCRL-51061, Vol, 1 (1972),

Sources of error in the 'LnterpretatiOn of
gamma-ray spectra include the' inte“m\‘ 2¢
of the observed peaks, the leve] of the T T
surrounding background, interferenc, of .ck
neighboring peaks, natural backgroung ak
activities in the counting chambersg, 2
attenuation of gamma rays in the sample
matrix or container, the calibration of al
detectors, the effects of sample geometpy
and positioning, and decay-scheme
information, For low-activity-leve]
samples, the dominant factor contributin‘
to the error is the low net count in the
observed peaks. In assessing the error -
on the net counts of the observed peaks,
GAMANAL takes into account the back-
ground level, interference problems,

and attenuation of the radiations by the
sample matrix and container, No addi- a.
tional error is added due to incorrect
calibrations or to the effects of geometry
and positioning., Since the samples were
counted in very 'close-in' geometry,
the last-mentioned sources of error can
be appreciable, All errors which could

be determined were added in quadrature,
Again, a more complete description is
presented in UCRL-51061, Vol. 1.

To establish the relationship between
uncertainties in the input parameters n
for the GAMANAL code and the final b‘
answers as output from the computer, a t;
Each of the

input values (density, atomic composition

series of tests was made.

geometry, and weight) was purposely EE
changed by +5%. In no case did this alter
the final answer by more than +10%. 3

]

Method for Setting Upper Limits on
Detection of a Given Nuclide

A request was made to calculate an

upper-limit amount for certain nuclides
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Fig. 114. GAMANAIL spectral analysis of a weak 137Cs photopeak.

based on those spectra regions where
signals would be seen if the species
were present in detectable quantities.

In order to describe the process by
which GAMANAL calculates an upper
limit for the presence of a given photo-
peak, we must discuss the method used
The method of

detecting peaks cannot be described

in detecting photopeaks.

explicitly because it cannot be described
by a simple algorithm. However, the
process can be described qualitatively
with the aid of Fig, 114. GAMANAL first
finds a "background' continuum line. It
then proceeds to locate each peak group-

ing by searching for a minimum of two
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successive data points which are greater
than 1.8 standard deviations above this
background. This value was obtained as
a result of experience and insures that
most of the reported peaks are real.
Figure 114 illustrates a case where a
peak was detected by GAMANAL and
reported as 51 counts with an assigned
error of 63%. This peak is just above
the threshold of detection.

If the peak in Fig. 114 had not been
detected and an upper limit analysis was
requested, the calculation would be done
as follows: First, the peak region would
be located and a number of data points

proportional to the expected peak width

)



(seven in this case) would have been

would have been calculated to be twice
the square root of this count. In the

~-limit value

would have been 36 counts, In practice,
spectral regions of two gamma rays per
nuclide were investigated (if two were

available), and limits were calculated
for each. Only the lower of the values

was retained,

The method used by ANALYSE 5
(Biomedical Division) to calculate peak
that define both the peak and the baseline
The latter is

uced to malke a2 hageline cubtr
sed Lo ake a bas

eiine subdlr 1 n

on either side of the peak.
s peak area. If the net peak area
e or zero or if one standard

ANALYVSE

is negativ
deviation is greater than 50%,

calculates an upper limit equal to twice

the square root of the gross peak area,

Commente
Lemments

the Complete Sample Set
The GAMANAL code searched each

spectrum for photopeaks from all of the

nuclides listed in Table 111 and reported

all positive signals. In addition, in the

case of nonobservation of certain nuclides,

upper limits were calculated according to
the procedure given in the previous sec-
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routinely are:

125
Sb,

207,

Bi,

133 13
Ba,

235,, and 241,

U, ana AIm,
In locking over the nuclides listed in

Table 111, one finds entries with rela-

o
2]

Observation:

Comments:

o
no

Na ty = 942 da

g ¢ -

Comments:

60Co

2
Observation:

= 1,920 da =

Measured in 32 veg-
tation samples and
in 30 air samples,

Commonly oceurs ip
air due to cosmijc
ray interactions,

Nt i
va i1aentified ipn
any sample.

9

1.26 X 10” yr

2
Observation:

Measured and reportced
in a large fraction of
the samples., WNatur-
ally occurring radio-

activity:

aricin nat
aciivity,

Vlig e LU

related to weapons
testing.

P
(08 0556 11) taken
from KATE at
0.61 + 0,23 pCi/g
{collected December 8,
1972) and in a Guettarda
camnlae (10N- ‘)‘)‘.n ?q

DQiIpIT AV aLvy

taken on WILMA at
0.05 + 0,02 pCi/g
(collected January
1973). Also observed
in 29 air samples.

Existence in air
samples and short
half-life suggests the

Lia :muninlide
or Lgux Ul this nuciice

is worldwide fallout.

5.26 yr

Positive signals ina
large fraction of the

samples; upper 1imits

set for all remaining
gsamnleg

Salllpaco,

|
I
I
l
I
I
l
|
|
I




ed

‘da

657

95

103

10

10

6Rut, = 369 da

t, = 245 da

2
Observation:

Zr ti = 65da

2
Observation:

Comment:

Ru tl=40da

2 .
Observation:

Comment:
2
Observation:
Comment:

1Rhty = 1100 da
2

Observation:

ldentified in a few
samples, one soil, 16
marine samples at
0.4-5 pCi/g (collected
November-December
1972) with uncertainties
6-44%, and in five ani-
mal samples at
0.22-0.55 pCi/g (col-
lected January 1973)
with uncertainties
23-42%,

Identified only in high-
volume air samples (9).

Origin is recent

weapons-test debris
which is transported
as worldwide fallout.

Identified in only one
sample, a high-volume
air filter (13-1189-24),

Origin is presumably
worldwide fallout.

=1.01l yr

Identified only in six
air samples; five are
from high-volume
samplers.

Origin is presumably
worldwide fallout.

= 3.01 yr

Identified in 24 soil
samples scattered
over the northern half
of the Atoll, in 58
sediment samples,
and in two marine
samples, Tridacna
viscera and kidney
(08-0504-02) at

0.12 + 0.03 pCi/g (col-
lected December 11
1972) and Tridacna
viscera (08-0536-02)
at 0.18 £ 0. 03 pCi/g
(collected Novem-
ber 29 1972), with
both samples taken
near BELLE,

102mp) ¢, - 1060 da = 2.90 yr

Identified in 218 soil
samples scattered
over the northern half
of the Atoll, in 12
samples from LEROY,
in 162 sediment
samples, and in the
following seven mar-
ine samples:

08-0476-01, Tridacna kidney,
0.810.2 pCi/g (collected
December 11, 1972),
ALICE.

08-0504-02, Tridacna viscera and kidney,
0.51%0. 14 pCi/g (collected
December 11, 1972), BELLE,

08-0535-02, Tridacna kidney,
1.0 £ 0.3 pCi/g (collected
November 29, 1972), BELLE.

08-0536-02, Tridacna viscera,
0.54 + 0.06 pCi/g (collected
November 29, 1972), BELLE.

Observation:

08-0789-10, Tridacna viscera,
0.14 +0.05 pCi/g (collected
December 4, 1972), JANET.

08-0676-10, Tridacna kidney,

3.0 £ 0.9 pCi/g (collected
December 5, 1972), JANET.

09-8048-24, Goatfish viscera,
0.11 + 0. 02 pCi/g (collected
December 6, 1972), YVONNE.

108m ¢, - 127 yr
2
Observation: Identified in the fol-
lowing three marine
samples:

08-0348-38, Tridacna, muscle and mantle,

0.05 £ 0.01 pCi/g, GLENN,
09-0466-37, Sea turtle, liver,

0.56 +0.09 pCi/g, FRED.
09-0264-53, Bonito, liver,

0.28 £+ 0.04 pCi/g, wide

passage.
110m s ¢, - 253 da
2
Observation: Not identified in any
sample,
125

Sb ty =1010da = 2,77 yr

2
Observation: Identified in a large
fraction of soil
samples, predomin-

antly from northern




half of the Atoll., Also
identified in 130 sedi-
ment samples and in
the following eight
marine, one vegeta-
tion, and one air-
filter samples:
08-0359-38, Sea cucumber, viscera and
gut content, 1.55 £ 0.15 pCi/g
{collected October 18, 1972),

GLENN,

09-8018-24, Parrotfish, viscera,
0.35 + 0,11 pCi/g (collected

December 4, 1972), YVONNE,

Goatfish, eviscerated whole,
1.58 + 0. 10 pCi/g (collected
December 1, 1972), FRED.

09-0376-37,

09-0466-37, Sea turtle, liver,
1.85 + 0,31 pCi/g (collected

December 9, 1972), FRED.

Turtle, 1.24 + 0,20 pCi/g
(collected December 9, 1972),
FRED.

09-0467-37,

09-0344-43,
g (collected
972 ), LEROY.

Mullet, viscera,

1. 83 = 0. 25 pCL/g (

October 20, 1972),

09-0346-43,

cted

LE fzoy

09-0591-61, Yellowfin tuna, muscle,
1.11 £ 0. 15 pCi/g (collected
December 9, 1972),

Kwajalein,

10-0085-38, Scaevola leaf,

0.12 = 0.05 pCi/g (collected
January 1973), GLENN,
High-volume air leter

13-1189-24, High

0. 27 + 0. 06fC1/m (collected
December 1972), YVONNE.
133
Ba tl = 2630 da = 7,21 yr
Observation: Identxﬁed in 34 soil
samples from
JANET (7), PEARL (6),
SALLY (13), and
YVONNE (8).
134

Cs t; =745 da = 2,04 yr
Iden

soil samples (BELLE,
IRENE, LUCY,
GLENN, and HENRY),
one sediment sample,
and the following

ﬂhqprvnhnn

tified in seven

marine and animg)

samples:

09-8041-24, Convict £urgeon, viscery

0.53 £ 0.07 pCi/ g (colleety

December 6, 1972), YVOI\‘&\}‘:
09-0466-37, Sea turtle, liver,

0.44 = 0. 12 pCi/g ((olleft(d

December 9, 1972), FRED
11-9118-24, Roof rat, viscera,

1.3 £ 0.3 pCi/g (collected

January 15, 1973), YVONK}-
11-9135-24, Roof rat, lung,

1.0 = 0.3 pCi/g (collected

February 3, 1973), YVONNE.
11-9167-24, Roof rat, bone,

0.8 £ 0.2 pCi/g (collected

January 15, 1973), YVONNL,
11-9168-24, Roof rat, bone,

1.0+£0.2 pCL/g (collected

February 3, 1973), YVONNL,.
11-9269-33, Sooty tern, bone,

0.29 + 0, 06 nFn/ﬂ (("() e ted

January 15, 1973) VID.
137
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Observation:

2
Observation:

Cs ti1 =30.0yr
2

Positive signals in a
large fraction of the
total samples; upper
limits set for all re-

maining samples.
tl = 285 da
Identified in soil (7),
sediment (26), mar-
ine {11), vegetation

and air-filter

(18), filter
(12) samples. With
the exception of the

air filters (all from

high-volume samplers),

all observations are
considered questxon-

able since they are

based upon the obser-
vation of a anﬂ‘le

gamma ray at 133 keV.
Confirmation of these
data would require
chemical separatxon
of cerium and further

counting. The air-
filter data are con-

LIiLC L Uaua aa

sidered authentic.
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half of soil samples samples in localized
.al from northern ha.].f of regions) Qspecially
the Atoll and in about on DAISY, EDNA,
a third of the sedi- IRENE, JANET,
‘)ra, , ments, Also identi- IRWIN, JAMES, and
~)Cte<1 fied in the following KEITH. Also identified
NNE, samples: in most of the sediment
-0556-11, Tridacna, kidney samples, in 14 (of 16)
:cted 08 ’ 0——————‘52 $0.11 pCi/é KATE. plankton samples, in
ED, : : ? 22 (of 54) seawater
09-0494-02, Mullet, viscera, samples, in approxi-
o 0.33 £ 0.10 pCi/g, BELLE. mately half of the
: marine samples, in
NNE, 9-0496-02, Mullet, viscera, : .
0 0.26 + 0. 06 pCi/g, BELLE. the following five
vegetation samples
ed and four animal
NNE, 1545y t, = 2860 da = 7.83 yr samples:
| Obzservation: Identified in 101 soil 10-2455-04, Cocon}lts, 0.06 + 0.03 pCi/g,
ed samples from DAISY.
~NNE. ALICE (7), BELLE (1), 10-3700-10, Pandanus, 0.1 i
, ’ , .11 + 0. 03 pCi/g,
CLARA (4) DAISY (4), TANBT. pCi/e
ed IRENE (6), JANET (3),
NNE PEARL (28), SALLY (12), 10-0199-33, Messerschmidia,
' and YVONNE (23), 0.05  0.02 pCi/g, DAVID,
cted and i 36 sediment o  10-0081-38, Pisonia leaf,
- samples. -nere 0.06 £ 0.03 pCi
ID. no other authenticated * pCi/g, GLENN.
observations. 10-2430-42, Messerschmidia,
0.07 £ 0.03 pCi/g, KEITH.
Pogy ty = 1830 da = 5.08 yr 10-2434-42, Pandanus, 0.04 + 0.01 pCi/g,
in a Observation: Identified in a large KEITH.
the fraction of the soil 11-9133-21, Rice rat, liver,
per samples and in most 0.38 £ 0.11 pCi/g, URSULA.
re- of the sediment )
samples. Also identi- 11"9150‘21, Rice rat, 1ung,.
fied in 7 (of 16) plank- 0.90 £ 0,32 pCifg, URSULA,
ton samples, in 10 11-9087-24, Roof rat, hide,
) (of 54) seawater 0.21 + 0.08 pCi/g, YVONNE,
ar- samples, in 68 (of _
‘a 410) marine samples, 11-9026-38, Hermit crab, pancreas and
o in 3 (of 216) vegetation gonad, 0.15 £ 0.06 pCi/g,
'?th samples, and 1 (of GLENN.
'Le 274) animal sampies. 226
om 10-2265-02, Messerschmidia, Ra t% = 1620 yr
plers), 0.06 + 0. 02 pCi/g (collected Observation: Identified in 102 soil
are January 1973), BELLE. samples spread
on= idi throughout the entire
10-1892-11, Messerschmidia, g
re - A 0. 05 £ 0. 02 pCi/ g (collected Atoll and 130 sediment
?se January 1973), KATE, samples,
3 keV. 10-3275-24, Scaevola, 0. 05 + 0.02 pCi/g 2287y, ¢, - 698 da = 1,91 yr
-hese (collected January 1973), 2 . o )
-e YVONNE. Observation: Identified locally in
jon ) YVONNE soil
~ther 11-9082-17, Rice rat, hide, samples (32). No
- 0.22 + 0.07 pCi/g (collected other positive identi-
n- January 1973), PEARL., fication,
e 235

2 = 8
0p; t; =32.0yr U t1=713X10%yr
2

Observation: Identified in soil Observation: Identified fairly infre-




quently (about 6, 5%)
among soil samples.
Measured concentra-
tions in the samples
averaged in the range
0.014-0. 026 ppm<39y,
If one assumed the

9T abundance to be
that of natural uranium
(not necessarily a valid
assumption at Enesetak)
these averages corres-
pond to a natural
uranium content of
1,9-3.6 ppm. Also
identified in 96 sedi-
ment samples. There
was no positive identi-
fication in any other
type of sampile.

239py t, - 24, 360 yr

2
Observation: Identified by gamma
detection in just two
samples (sensitivity
for detection is greatly
increased in wet-
chemistry analysis).
Comparison of gamma
counting and wet-
chemistry results is
given below:

239Pu, 239+240Pu,

dpm/g (gamma) dpm/g (alpha)
469+145 1020150
290+160 714128

Sample
73-5235-24
05-1096-24

Note that gamma counting measures only

239Pu whereas alpha counting measures

239Pu and 240

One can deduce 240/239 atom ratios

the sum of Pu activity,
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from the above data which have values pf

0.32 = 0.12 and 0. 40 = 0. 38, respectiva),

The precision of these values is poor.
mass-spectrometric analyses of

240/239 ratio yield more precise dats_

241 = .
Pu t; =5110da = 14.0 yr
2
Observation: No 241Pu detected in

any sample by gamm;,
counting,

241Am t1 =433 yr

Observation: ldentified in many of
the soil samples from
most of the islands,
although in greatest
abundance and fre-
quency in the northern
half of the Atoll. Alse
prevalent in sediments,
Identified elsewhere in
5 (of 16) plankton
samples, 7 (of 54)
seawater samples, in
38 (of 410) marine
samples, in 2 ©f 216)
vegetation samples,
and in 1 (of 67) air
filters. There was
no positive identifica-
tion in animal
samples,

241

Comments: Am

Comparison of
determination by
gamma counting with
that by wet-chemistry
analysis is given in
the last section of this
chapter,




Table 111, Half-lives, energies, and branching intensities
for nuclides loaded into GAMANAL.
Half-life Energy, Branching
Nuclide days, keV intensity

1. 4 BE 7 5. 350E+01 +77.400 1. 030E-01
2. 11 NA 22 9, 41TE+Q2 511.000 1.800E+00
1274, 550 1. 000E+00
3. 19 K 40 1. 610E+11 1460, 760 1.083E-01
: 4, 25 MN 54 3. 123E+02 834.823 1. 000E+00
5. 27 CO 60 1. 922E+03 1173, 230 1.000LE+00
1332.510 1.000E+00
6. 30 ZN 65 2.450E+02 1115.520 4.900E-01
K 7. 40 ZR 95 5.500E+01 724,200 4.300E-01
56,720 5.460E-01
8. 41 NB 95 3.510KE+01 765,800 9. 900E-01
: 9. 44 RU 103 2. 060I1E+01 197,090 9.000E-01
- 510,310 5. 600kE-02
S 10. 45 RH 101 1. 1001£+03 127,200 8.400E-01
197. 900 9. 000E-01
325.100 1.800E-01
' 11. 45 RH 106 3.514E-04 511,800 2. 050E-01
) 616, 300 8.100E-03
622,100 9. 800E-02
873.800 4.400E-03
1050.700 1.400E-02
) 12, 45 RH 102M 1. 050E+03 418,800 1.120E-01
475,100 9.300E-01
628. 200 7.000E-02
631.400 5.200E-01
697,600 4.320E-01
767.000 3.300E-01
1046. 800 3.100E-01
1103. 300 4.500E-02
1112, 900 1.800E-01
13. 47 AG 108M 4,.635E+04 79.120 5.200E-02
433.610 9. 200E-01
614, 040 9.200E-01
632.740 1.140E-03
722,730 9,200E-01
14, 47 AG 110M 2.530E+02 446, 200 3.500E-02
620. 100 2,500E-02
657,600 9.300E-01
677,500 1.220E-01
686.800 7.500E-02
706. 600 1.600E-01
744, 200 4.330E-02
763.800 2.200E-01
817.900 6.950E-02
884. 500 7.100E-01
937. 300 3.360E-01




Table 111 (continued)

Half-life

Energy, Branching

Nuclide days . keV intensity

14, 47 AG 110M 2. 530E+02 1384, 300 2.400E-01
1475. 300 3.700E-02

1505. 200 1.260E-01

1562. 500 1. 100E-02

15. 51 5B 125 1. 012E+03 176,430 7.200E-~02
380. 440 1.520E-02

427. 880 3.040E-01

463, 380 1.070E-01

600.600 1.810E-01

606. 700 5. 150E-02

635. 920 1. 150E-01

671.410 1.820E-02

16, 55 CS 134 7.450E+02 475, 340 1. 540E-02
563.220 8.820E-02

569. 330 1.580E-01

£604.700 9.800E-01

795,790 8.900E-01

801.870 9. 500E-02

1038.610 1.060E-02

1167,.910 1.850E-02

1365, 130 3. 000E-02

17. 55 CS 137 1. 096 E+04 661. 646 8.500E-01
18, 56 BA 133 2. 630E+03 53.170 1.950E-02
79,590 3.040E-02

61,010 3.6G0E-01

160. 620 7.600E-03

276,290 7.500E-02

302.710 1.960E-01

355.860 6. 700E-01

383,700 9.400E-02

19, 58 CE 144 2.846E+02 80. 100 1.480E-02
133.500 1. 100E-01

6396. 500 1.330E-02

20. 63 EU 152 5. 117E+03 121,780 3.010E-01
244,700 7.740E-02

295.970 4.700E-03

329,300 1.490E-03

344,270 2.740E-01

367,760 9. 000E-03

411,100 2,270E-02

416,000 1. 140E-03

443. 940 3.200E-02

488,700 3.900E-03

503.450 1. 500E-03

586, 200 4,400E-03

656,400 1.400E-03

674,350 1.660E-03

678.600 4.400E-03

688.800 8.500E-03

712.900 1. 000E-03

719,300 2,900E-03

[}
[958
1=
>

[}

A

(3%
3

23.



Table 111 (continued)

Half-life Energy, Branching
Nuclide days , keV intensity
20. 63 EU 152 5. 117E+03 764,900 1.400E-03
778,850 1.300E-01
810. 240 3. 150E-03
841. 400 2. 100E-03
867.300 4, 260E-02
919,100 4, 000E-03
V64, 000 1.480E-01
1005, 100 6.500E-03
1085.700 1.025E-01
1089, 500 1,750E-02
1111,900 1.400E-01
1212,800 1,400E-02
1249,700 2.0301E-03
1282, 600 1.140E-03
1298, 970 1.640E-02
1407, 920 2,150E-01
1457.600 5. 000E-03
1528, 200 2,.830E-03
21, 63 EU 154 2. 863E+03 123,140 4. 050E-01
248, 040 6.590E-02
591, 740 4,840E-02
692.410 1.696E-02
723.300 1.970E-01
756,870 4, 340E-02
873.190 1.150E-01
996. 320 1,030E-01
1004.760 1.730E-01
1274, 390 3.350E-01
1596, 480 1.670E-02
22, 63 EU 155 1. 855E+03 60.010 1.320E-02
86. 550 3.220E-01
105, 320 2,280E-01
23, 83 BI 207 1. 169 E+04 569. 620 9.800E-01
1063. 650 7.700E-01
1770, 180 7.150E-02
24, 88 RA 226 5.917E+05 186. 140 4. 000E-02
241,960 7.900E-02
295,200 2, 020E-01
351.920 4.010E-01
609. 270 4,840E-01
665, 400 1,650E-02
742, 480 PAIR PEAK
768, 350 5.320E-02
785.800 1.210E-02
806. 160 1.310E-02
934. 060 3.340E-02
1120, 280 1.600E-01
1155, 170 1.820E-02
1238.130 6.200E-02
1280. 980 1.560E-02
1377, 640 4. 180E-02




3
Table 111 (continued)
Half-life Energy, Branching
Nuclide days, keV intensity
24, 88 RA 226 5.917E+05 1401, 440 1.440E-02
1407. 980 2,600E-02
1509, 220 2,300E-02 i
1661. 240 1.210E-02 g
1729, 550 3. 070E-02 to
1764.490 1,660E-01 ve
1838.330 4, 100E~03 '
1847, 440 2.200E~-02 sa
2118, 520 1.230E-02 ele
2204. 140 5.300E-02 .
2447,630 1.650E-02 o pri
25, 90 TH 228 6. 976 E+02 74,817 9. 530E-02 inte
74.970 1. 303E-01 tior
77.108 1.620E-01
84,330 1.330E-02 car
b0 1 oB0E-0s pro
o, ooy 1, JoUrL~yca
87.350 3.600E~02 che.
238,626 4.480E-01 )
240, 982 4.140E-02 _
277. 340 2.300E-02 rad:
300.110 3.420E-02 list
510,720 8.340E-02
583, 139 3.090E-01 nucl
727.270 6.650E-02 905,
785, 460 1.100E-02
860. 490 4.530E-02 cher
1592. 690 PAIR PEAK ferrry
1620. 620 1.5108-02 ¢ 77
2614.710 3.536E-01 gam
26. 92 U235 2.604E+11 143.770 1. 070E-01 used
163. 370 4.850E-02 pose
185.720 5.610E-01 241
202.100 1.070E-02 A
205, 330 4.870E-02
27. 94 PU 239 8. 908E+06 94, 665 g, 830E-05
98.439 1. 900E-04
129.280 6.420E-05
203.520 5. 630E-06
375,020 1. 585E-05
413.690 1. 506E-05
28. 94 PU 241 5.110E+03 148,600 1. 900E-06
184,590 4. 500E-~07
207.970 5.120E-06
29 95 AM 241 1. 582E+05 539, 538 3.590E-01
99. 000 2.100E-04
103. 000 2 020E-04
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Wet-Chemistry Analyses

Nuclides Measured; Lab:-ratories
Making Measurements

Nuclides that could not z= detected by
gamma spectroscopy and thzt were judged
to be of potential significance to this sur-
vey were analyzed for by cissolution of a
sample, chemical separatica of a desired
element, and quantification v an appro-
priate radiation-counting technique. An
integral part of this technigue is the addi-
tion of a known amount of elemental
carrier or tracer at the beginning of the
procedure to permit determination of
chemical yield in the final sample. These
nuclides, their half-lives, principal
radiation, and technique for counting are
listed in Table 112, In this list, the
nuclides analyzed for most generally were
90 238 239, 240Pu, and 55Fe. Wet-

Sr, Pu,

. . 241
chemistry analysis for Am was per-
formed on a small fraction of the samples;
gamma counting was the major method
used to determine this nuclide. The pur-

poses of wet-chemistry analyses for

241.’-\m were either to check results ob-

tained by gamma counting or, in the case
of some marine, vegetation, and animal
samples, to extend the sensitivity for
2‘MAm detection to lower levels., The
remaining nuclides in Table 112 were
measured in relatively small numbers of
samples to provide an approximate indi-
cation of levels existing in various
biological samples. In addition to the
radioactive species, analyses for stable
iron, calcium, and iodine were required
on certain samples. The kinds and num-
bers of analyses performed at each

laboratory are listed in Table 113. ¢

Separation Schemes

For application to coralline soiis and
sediments, chemical dissolution, separa-
tion, and purification schemes for 9OSr
and Pu determination as performed at
MCL, LFE, and EIC are shown in
Tables 114, 115, and 116,

These procedures are given in basic out-
line form; no details on manipulation,
quantities of reagents, or fine points of
analytical technique are included, Each
laboratory received 50-g samples of

At MCL, quanti-

ties of 10-20 g were dissolved, while at

finely divided coral soil.

LFE and EIC, entire 50-g samples were
put in solution,

Some variation in dissolving technique
is seen among the laboratories; each
reported coralline soil to be readily
soluble in appropriate mineral acids.
Both MCL and LFE procedures feature
a sequential separation of Sr-Y and Pu
from a single aliquot, while EIC chose to
isolate these elements from separate
aliquots.

Determination of 9OSr and Pu in other
types of samples required some modifica-
tions of procedures given in Tables 114
and 115, For MCL, the required varia-
tions are summarized in Table 117,
Corresponding procedures in use at LFE
are summarized in Table 118,

The isolation of 55Fe was based upon
the extraction of iron carrier into diethyl
ether from 6 M HC{ solution at all four
laboratories. Following further purifica-
tion, samples were electrodeposited in
preparation for gamma counting. An
aliquot of each sample to which no carrier
had been added was reserved for determi-
nation of stable iron via atomic absorp-

tion spectrometry, This information
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able 112, Nuclides measured in wet-chemistry analyses. E
Nuclide Tyo Principal radiation Type of detection 2
1/2 o <
‘Fe 2.7y 5.95 keV X ray Gamma counting: Nal(Ty) 2. &
Ge(Li) detectors. ' El <
) . , 30 . . Sl
Sr 28.5y 3 particle of 7Y Beta counting: gas-filled ~Jd 7
daughter proportional counter, a8 <2
(E = 2.27 MeV) gl <
max irs! il &
39, 240 - . sl <| &
’ Pu 24,400 v (239) 5.16 MeV « Alpha pulse-height analysig = &l =
¥ S —
6,540 v (240) (solid state, Frisch-grid g=
chamber), mass spectrome- b=} I
try. P =
g : . ek
Pu 87.8y 5.50 MeV « Alpha pulse height analysis, zl =
<l |87
J‘lAm 433 y 5.49 MeV « Alpha pulse height analysis. ’a’j E % =
w =1 B o
H 12.35y 3 particle Gas-filled proportional g “E o] Lﬁ
(E = 18,5 keV) counter. s gl Il
max < @
*c 3,730 y B particle Liquid scintillation counter, o 3’;
(E = 156 keV) r
max - g
3 . o g < g
Ni 92 y B particle Liquid scintillation counter, 2 .
(E =65.9 keV) o i
max I a
5Zn 245 d Gamma ray Gamma spectrometry of ; N
(1.116 MeV) separated samples. - el =
o N
13mCd 14 y B particle Beta counting: gas-filled o E é
(E.x = 980 keV) proportional counter. 5 o lo
29 7 E Rl
-1 1.57x 10" y B particle L.iquid scintillation counter, g o |o
(E = 150 keV) x-ray detection & Q=
max B4
(Si diode). 4 .
Xenon K x rays . &l é
(29.7, 33.7 keV) b S13
~— - o~
44Ce 285 d B particle of 144Pr Beta counting: gas-filled % Emr:’. ¢
daughter proportional counter. o wig
(E - 2.99 MeV) &
max
w
Tem 2.62 y B particle Beta counting: gas-filled L -2
(E = 225 keV) proportional counter. RE| ¢
max 23 ¢
-} :
51Sm 87 y B particle Liquid scintillation counter. i 5%
(E = 76 keV) cER
max ) ) Jal !
"e, Ca, I, Sr stable None (Atomic absorption) g p
£
0
V]
al
g
a
/]
s
2
3
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Table 113, Summary of wet-chemistry analyses.
Analyses performed
Major nuclides Minor nuclides
Type of samples num{)_‘::?)xi“astgrmyp;les (55F 905y 238'239'240Pu) (SH.HC, 631\“1, 65Zn,”3mCd ]44C 1 Pm Sm )
Sofl, sediment, corc ~ MCL 1923 Ogp, 238Pu, 239, 2405, (411), SOFe (2) 65,0 (), 13Meq @y, Mee @y 1, lanen
LFE 1007 Osr, 239.240py (any, 238py (29
EIC 486 90gy, 239, 240p, (4yy)
Marine MCL 121 55pe, gy, 238py, 239,240p, (4 63Ni 9y, Ozn (2, MMcaaay, M e,
151g 1 (9), *1am()
LFE 198 S5pe, 90gp, 239,240p (a1 535y, T cacn, M omay, Pha) P o)
LRE 114 55pe, 90gy, 239,240p, (a1y), 238py (a1) '
LLL 10 Sy, Moo
Plankton MCL 16 90Sr, 238Pu, 239'240Pu (all)
Algae LFE 3 55pe(1), ¥sr(1), 239 240py (g
Vegetation MCL 130 pe(28), Vsr, 238py, 239, 240p, (ay)) 535isy, 1M cay, Y pmesy, Phmeny, 2 lamn
LFE 51 Spe(1y), Msp, 2392405, a1y
LLL 11 Sy, Mean
Animal MCL 53 55pe(53), MOgr, 238py, 2392405, (an) HI3m )
LFE 163 55pe(116), POsr, 239:240py (ay) 63513y, 13Mcac2y, ¥ mesy, PPSme), 2 lame
LLL 15 311(1s)
Seawater LLL 47 238p,, 239,240p, (4q)
LFE 62 905.(62)
Air filter MCL 58 238py, 239.2405, (a1




Table 114. McClellan Central Laboratory: Chemistry scheme for determination
90

of

Sr and Pu in coralline soils and sediments.

Dissolution

Separation

Y purification

Pu purification

Fire coral at 950°C for 8 hr.
Dissolve 12 M HC{ + 5.5 M HI; dilute with Hy0.%

Working solution for aliquots, combined Sr-Pu,

To aliquot, add Y carrier, 236Pu or 242Pu tracer.b

Ppt Y(OH)3 by adding NH4OH. (Note Sr-Y separation time),

Wash ppt HZO; dissolve 16 M HNO3, dilute with HZO'
Ppt Y(OH)3 by adding NH, OH.

Wash ppt H,O; dissolve satd HCZ + few drops HNO
Load on Do;vex 1X 8 column (Pu-Y separation).

3¢

Wash column 12 M HCf{. (Load and wash to Y purification).

Elute Pu with 12 M HCZ + satd NH4I. (To Pu purification).

Evaporate column load and wash fractions to dryness.
Dissolve in 0.1 M HCZ£.

Extract twice with 10% HDEHP (toluene).
Back-extract 3 M HCZ.

Ppt Y(OH)3 by adding NH4OH.

Wash H20; dissolve 12 M HCZ + H20, filter,

Ppt Y oxalate by adding satd oxalic acid, digestion.

Filter ppt, dry, fire to YZO at 900°C, 1 hr.

Weigh, beta count 90Y.

3

To column eluant, add 5 M NH20H HC?, LaCES carrier,
satd NH4I, ZrO(N03)2 carrier,

Boil to reduce volume.

Ppt LaF3 by adding HF.

Dissolve HNO3 + H3B03.

Ppt La(OH)3 by adding NH4OH.

Dissolve 16 M HNO3, boil.

Ppt La(OH)3 by adding NH4OH.

Wash H20; dissolve 12 M HCZ? + few drops I-INOB.

-450-




Table 114 (continued),

— pu purification Load on Dowex 1 X 8 column,
(continued)  wagh 12 M HCY¢, 12 M HC{-dilute HF, more 12 M HCZ.
Elute Pu with 12 M HC£-HI.
Add two drops H2SO4; fume to SO3 evolution,
Electroplate in 10% (NH4)2SO4 solution.
Determine Pu by either « pulse-height analysis or mass-

spectrometric analysis.

87he addition of HI is necessary to insure equilibration of plutonium tracer with the
plutonium in the aliquot of the working solution,

b -
236Pu was used as an alpha-PHA tracer; 242Pu could be used either as an

alpha-PHA tracer or as a mass tracer. Note that 238Py could be determined only
on those samples which were assayed via alpha-PHA,




ble
Table 115. Laboratory for Electronics - Environmental Analysis Laboratories. Ta

Chemistry scheme for determination of 90Sr and Pu in coralline soi]g —
and sediments. Disso
D1S50.
Dissolution Fire coral at 900°C for 12 hr.
Add Y carrier, 236Pu tracer.
Dissolve 6 N HNOB, adjust solution to 0,05 M HF. Sr-Y :
N el orot
Separation Evaporate near dryness, add HBBOB’

Evaporate near dryness, add 6 N HINO3 + 30% H2O2.

Boil down, add more 6 N HNOB, cool, add 5% NaNOz.

Load on Dowex 1 X 4 column. (Pu, Sr-Y separation),

Wash column 6 N I-[NOB. (Load and wash to Sr-Y purification),

Elute Pu with 4 N HN03 - 0.1 N HF. (To Pu purification),

Sr-Y purification Evaporate column load and wash near dryness,
Add H2O; adjust to pH 1.
Extract with 20% HDEHP (toluene). (Note Sr~Y separation time).
Wash three times with 0.5 N HCZ.
Back-extract three times with 12 M HCZ.
Evaporate to dryness (adding fuming HNOB).
Dissolve 12 M HCZ + HZO.
Ppt YF3 by adding HF,
Dissolve HNO3 + HBBOS' Pu ali
Ppt Y(OH), by adding NH, OH. -
Dissolve 6 N HCZ + H20.
Ppt Y(OH)3 by adding NH4OH.
Wash twice with Hzo; dissolve min. 6 N HC¢.
Ppt Y oxalate by adding satd oxalic acid + Hzo, digestion.
Filter, fire to YO

503-
Weigh, beta coun 0Y.

Pu purification Evaporate eluant to low volume, adding H3BO3 + Fe carrier,
Ppt Fe(OH)3 by adding NH4OH.
Wash dilute NH4OH.
Dissolve 6 N HNOs; cool, add 5% Na2N02.
Load on Dowex 1 X 4 column.
Wash 6 N HNOS, 12 M HCHY.
Elute Pu with 12 M HC{-HI.

Evaporate solution.

Electrodeposit on stainless steel disk for alpha pulse-height analysis.
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Table 116. Eberline Instrument Company: Chemistry scheme for determination of

aQ . . . . .
Sr and Pu in coralline soils and sediments.

Dissolution
D1sSOUiOn

Sr-Y aliquot

Pu aliquot

Fire coral at 500°C for 12 hr.
Dissclve 8 N HNOS, filter.

Working solution for aliquots, separate Sr and Pu.

Add 8551‘ tracer, evaporate dry.

Dissolve 0.08 N HCZ.

Extract twice with 20% HDEHP (toluene). (Note Sr-Y separation time),
Discard organic each time.

Add Y carrier to aqueous.

Count sample for 855r with gamma spectrometer,
Store sample 2 wk (QOY growth period).

Extract 5% HDEHP (toluene).

Wash 0.08 N HCZ.

Back-extract 3 N HNOB.

Ppt Y(OH), by adding NH, OH.

Dissolve 1 N HCZ,

Ppt Y oxalate by adding Hzo, NH4 oxalate, digestion.
Filter; wash ppt with HZO’ alcohol.

Dry, cool, weigh.

Beta count 90Y.

Add 236Pu tracer, few drops 25% NaZNOZ'

Extract with Aliquat 336 (quaternary amine).

Wash twice with 8 N HNOB, four times with 10 M HCJZ-HZOZ.
Back-extract Pu twice with HC{ 04—oxa1ic acid solution.

Add NaHSO4, evaporate dry.

Add 12 M HCZ, evaporate dry.

Electroplate from HC{ -NH4 oxalate solution.

Wash HZO’ dry.

Determine Pu by alpha pulse-height analysis.




Table 117. McClellan Central Laboratory: Supplemental chemistry schemes

required to process biological samples.

1.

Fish, bird, rat samples - bones present:

After ashing at 900°C and dissolution in 12 M HCZ - 5.5 M HI, the amounts of
phosphate present prevented effective carrying on a hydroxide precipitate, The
following procedure was followed:

Evaporate HCZ-HI dry.

Add 12 M HCZ, evaporate dry.

Dissolve 12 M HC{, centrifuge insolubles.

Load on Dowex 1 X 8 column in 12 M HCZ + few drops HNOB.

Wash column with 12 M HCZ.

Combine load, wash, insolubles; evaporate dry, proceed with Y purifica-

tion shown in Table 114,
Elute Pu from column with 12 M HC{ + satd NH4I.

Proceed with Pu purification shown in Table 114.

Fish, bird, rat samples - muscles, kidneys, liver, viscera (no bones present):
Ash at 900°C, dissolve in 12 M HC{ - 5.5 M HI.
Proceed with Y(OH)3 pptn as shown in Table 114,

Bird eggs: Ash, process as with coralline soils,
Plankton: Ash, process as with coralline soils.

Vegetation samples, coconut meat only:
Ash at 600°C.
Dissolve 12 M HCZ + 5.5 M HI.
Treat insolubles with HC£O4-HF.

Proceed as with soil procedure in Table 114,

Vegetation samples, all others:
Dissolve in HNO3 and HCY{ 04.
Bake t{o dryness.

Dilute with 6 M HC{ plus 2 ml HI,

Proceed as with soil procedure in Table 114,

Polystyrene air filters:
Distill styrene off at 450°C.
Dissolve residue in 12 M HCZ + 5.5 M HL
Proceed as with soil procedure in Table 114.
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Table 118. Laboratory for Electronics - Environmental Analysis Laboratories:
Supplemental chemistry schemes required to process biological samples.
T 1. Fish, crab samples.
R Dissolution Ash at 600°C for 12 hr.
Dissolve ash in 12 M HCZ, filter.
he Ash filter plus solids at 600°C,
Dissolve in 12 M HCZ; combine with filtrate.
Add 236Pu and appropriate carriers (Y, Fe, others).
Add few drops HF; evaporate to near dryness.
Add HNO3, HBBO3; evaporate to near dryness,
Add HNOS, H202; evaporate to near dryness.
\- Dissolve in 12 M HCZ.
Separation Load on Dowex 1 X 4 column,
Column load to Sr-Y purification.
Elute Fe with 6 N HNOS. (Fe separation - to Fe purification).
) Elute Pu with 4 N HNOS-O. 1 N HF. (To Pu purification).
2. Vegetation, bird, and egg samples.
Dissolution Ash at 600°C for 12 hr.
Dissolve ash in 12 M HCZ, filter,
Ash filter plus solids at 600°C.
Dissolve in 12 M HC{; combine with filtrate.
Add 236Pu and appropriate carriers,
Add few drops HF; evaporate to near dryness.
Add HNOB, H3B03; evaporate to near dryness.
Add HNO3, H202; evaporate to near dryness.
Dissolve in 6 N HNO3.
Separation Evaporate to near dryness,
Add 6 N I-]NO3 and NH4NO3 until saturated.
Extract Pu with hexone. (Pu separation).
Back-extract with 0.1 N HNOB.
Evaporate to dryness; dissolve in 6 N HI\103.
Load on Dowex 1 X 4 column,
Proceed with Pu purification at appropriate step in procedure given in
Table 115,
Adjust aqueous phase to pH 1 with NH4OH.
Extract Y with 20% HDEHP (toluene). (Sr-Y separation).
- Proceed with Y purification at appropriate step in procedure given in
Table 115.




permitted correction to the recovered
amount of iron carrier for any iron ori-

ginally present in the sample.

Chemically bound tritium measure-
ments were made on 35 selected marine,
A 10-g

sample of dried material was taken for

vegetation, and animal samples.
each determination. The chemical pro-
cedure for this determination is as
follows: The sample is ignited in the
presence of 300-psi 02 in a Parr bomb,
Water formed by this oxidation is dis-
tilled in vacuum into a methanol-dry ice
trap. After the sample is warmed, NaOH
The

The water is then

is added to neutralize the solution,
sample is redistilled.
reduced with magnesium at 600°C to pro-
duce hydrogen gas which is put through a
molecular sieve trap and then collected

on a charcoal trap at liquid nitrogen tem-
perature. The sample is ready for count-

ing.

Carbon-14 measurements were made on

21 selected marine and vegetation samples.

The desired sensitivity was obtainable with
a sample size of only 300 mg of dried mat-
erial. The chemical procedure for this
determination is as follows: The sample

is placed in a 2-liter, heavy-walled flask
Fol-

lowing ignition of the sample and complete

which has been flushed with oxygen.

oxidation, the flask is cooled to freeze out
water. A trapping solution (15 ml) of
phenylethylamine, toluene, and methanol
is introduced into the flask to quantitative-
ly absorb any CO2 present, Aliquots of
this solution are taken for counting.
Various chemical procedures were
devised at MCL and LFE to isolate and

purify fractions containing 63Ni, 113mCd,
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147Pm,‘ 1

yields were determined by the addition (
0

51 241
Sm, and Am, Chemical

known amounts of either carrier solutig
(Ni, Cd, Sm) or tracers (143,144,145 *
24 3Am). Several precipitations of nickn:;
dimethylglyoxime were the key purifica.
tion steps for a nickel fraction, Cadmium
was isolated by precipitation of Cds and
purified by absorption on (in 2 M HCy)
and elution from (in 1.5 M HZSO4) a
Dowex 1 X 8 column. The two rare earthy
and americium were carried through com.
mon chemistry; elemental Separation wag
achieved by use of a Dowex 50 column
eluted with a-hydroxyisobutyric acid, a
standard technique for intra-group sepa-

ration of lanthanides and actinides,

Counting Techniques

Techniques for measuring nuclides in
samples which were purified by wet chem-
istry are summarized in Table 112,

Although all of the nuclides of interest
(Table 112) have half-lives long enough
that decay of a counting sample cannot be
used conveniently as a means of identifi-
cation, determination of 908r by chemi-
cally '""milking" the 64~hr 0y daughter
does permi. one to follow decay of the
energetic Y beta particles. Interference
from other radioactivities can be readily
Itis a
highly specific technique for 9 Sr-gOY-
All laboratories used this method to de-

termine 90Sr.
Plutonium-238, plutonium- (239, 240),

identified and correction made.
0

and americium-241 were determined by
the addition of an appropriate tracer,
236Pu, 242Pu, or 243Am, at the begin-
ning of analysis, and by measurement of S
an isotope ratio in a purified sample. :

Isotope ratios were usually determined




wy 4 comparison of areas under alpha
:'rouPS of characteristic energies from
;,ulse‘height analysis data, although
Lome of the ;iléltonium samples were
«piked with Pu for measurement by
nass spectrometry at MCL. These

methods, observation of a characteristic
alpha energy or a characteristic mass-
o-charge ratio for an ion, are highly
specific for 2t§1§ auclides in question,

\ost of the Pu data were measured

i MCL where it was deterrr;i;gd

routinely. Some additional """ Pu measure-
ments were made at LFE and LRE.
Jeasurements of 238Pu were made on

about 60% of the samples.

Determination of 55Fe was based upon
detection of a 6-keV Mn K x ray which
arises from the electron capture of 55Fe.
Most often, samples were counted with
thin Nal(T#) detectors, although some
were measured with planar Ge(Li) diode
detectors. Pulse-height analysis was
used to provide energy discrimination.

Good chemical purity of an iron fraction

is required to eliminate interference from

other nuclides. The quantitative deter-
mination of the 6-keV manganese K x ray
also required a correction to account for
self-absorption in the iron carrier. This
correction varies from sample to sample
and may lead to difficulties in comparing
data from different laboratories,

Tritium was counted at LLL by intro-
ducing the purified sample, as hydrogen
8as, into an evacuated proportional counter
(2. 6-liter volume), adding 380-mm CH,
and raising the absolute pressure to
1500 mm with tritium-free hydrogen.
Acceptable pulses are determined by dis-
Crimination in rise time and anticoincidence

With a guard counter arranged coaxially

around the tritium sample counter,

Counting of 14C samples was performed
at LLL in the following manner: Two
equal aliquots of purified CO2 from a
sample, absorbed in a mixture of
phenylethylamine, toluene, and methanol,

were mixed with liguid scintillator solu-

tion (dimethyl POPOP and PPO in toluene),

Samples were counted at an optimum 14C

channel on an LS spectrometer for

100 min each. Energy discrimination
was used to screen out low-energy betas,
e.g., those from tritium decay. When a

sample count rate did not exceed back-
ground within statistical limits, an upper

limit was set at twice the value of the

standard deviation,

Another group of nuclides, 63Ni,

113mCd, 147Pm, and 151 Sm, all long-
lived beta emitters, were determined by
measuring beta activity in purified
samples. Those nuclides with less
energetic betas, 63Ni and 151Sm, were

measured by liquid scintillation counting,

Aliquots of the purified sample were added
to a scintillation mixture (dimethyl
POPOP and PPO in toluene); each sample

was counted with a Tracerlab scintillation
spectrometer. The 113mCd and 147Pm
samples were measured with gas-flow
(pure methane) proportional counters.
The 147

counting [Ge(Li) dete ctor] as well to pro-

Pm samples required gamma

vide chemical yield data from the
143, 144, 146Pm tracer. Because this
group of nuclides has long haif-lives, so
that samples cannot be conveniently
followed for decay, preparation of the
samples was done with considerable care

to insure good chemical purity,
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Quality-Control Program

Soil Samples

An initial set of soil samples was dis-
tributed to the laboratories for calibration
purposes, These samples were produced
by blending varying proportions of two
coral batches with different specific acti-
vities., Analytical results for 239’240Pu
and 9OSr are listed in Table 119, The
plutonium content of these samples ranged
from 0.41 to 17.8 dpm/g; the Obr content
was uniform in all samples, with a mean

value of 3,96 + 0,10 dpm/g. Plutonium

Table 119. Interlaboratory calibration, coral soil samples,

Concent

analyses for sample 4 showed a large -
spread and replicates did not agree: Pre- -
sumably, this sample was nonhOmOgeneous -
due to inadequate blending This fmdmg
is consistent with the >°Sr results becayg,
Sr was present only in one of the two
ingredients, that which comprised the
major portion of each sample, {Included
in the table are entries for MCL with the
date, 5/73. These three samples were
blind standards submitted for analysis jp
the middle of the analytical program,)
The plutonium results for sample 1]

measured in January 1973 are quite con-

239, 240 a0

Pu and " "Sr.
ration, dpm/g

No. 0001 No. 0002 No. 00

03 No. 0004 No. 0005

239, 240pu

LLL 1/73 18.0%l1,7 0.51%0.04 0.45%0
MCL 1/73 17.6%1.0 0.4640.02 0.470
MCL 5/73 14.640.8 0.4840.02 S
LFE 1/73 18.740.8 ——-- -
EIC 1/73 16.9+l.1 0.60%0.15 0.5410.
904,

LLL 1/73 -—-- ———- _——-

MCL 1/73 4,1340.12 4,1410.58 4.1510
MCL 5/73 4.041+0.40 3.6410.17 -——-

LFE 1/73 3.43#0.21 3.4940.21 3. 5210,
EIC 1/73 4.83+0.39 3.90%0.33 4.9210.

.02 2.5240.91  0.41+0.02
.05  1.90%0.11 0.4140.02
1.54+40.08 ———-
3.0140.12  0.4420.03
14  1.4840.16 0.5340. 14 {
——-- 3.4040. 17
.23 3.9040.12  4.0040.12

4.2610.21 —---
18 3.6840.18 3.5840.21
29 4.2910. 33 3.9210. 29

QOSI‘
Mean (all results) = 3,9640.43
LLL (av) = 3.4040.17; LLL/mean = 0,86 (1 sample)
MCL (av) = 4,031#0.19; MCL/mean = 1,02
LFE (av) = 3.54%0.10; LFE/mean = 0,89
EIC (av) = 4,.3740.49; EIC/mean = 1,10
j
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sistent and give a mean value,
17.8 £ 0.4 dpm/g, with 10% spread.
Laboratory comparisons for samples
9, 3, and 5 showed a greater spread than
for sample 1, with EIC reporting results
Systematically higher than the mean of
LLL, MCL, and LFE by 17-26%, although
the relatively large error limits set by
EIC encompass the mean of the other

908r data from all

laboratories. The

Table 120,

laboratories showed acceptable agreement,

Another plutonium interlaboratory
calibration was performed by distributing
a standard solution to each laboratory.

The

best value for the solution concentration

The results are listed in Table 120.

is probably given by the mean derived
from equally weighted values,
1278 t 14 dpm/ml, because the mass-

spectrometric data from LLL and MCL

2
Interlaboratory calibration, “39Pu standard solution (No. 1100).

Concentration of
239, 240

Date Pu, dpm/ml Technique Reference tracer
LLL
6/4/73 1303+28 Direct assay, counter Counting standard:
efficiency = 49. 6% HE. 2*lam 11
6/4/73 1320120 Pulse-height analysis 242Pu: Environmental
standard
6/4/73 126545 Mass spectrometry 242Pu: Mass spectro-
metry standard
MCL
. . 236
10/9/73 1255+15 Pulse-height analysis Pu
5/9/73 127216 Mass spectrometry 242py
LFE
. . 236

4/25/73 133027 Pulse-height analysis Pu
LRE
6/29/73 1273164 Pulse-height analysis 236Pu (HASL calibration)
EIC
3/6/73 1207454 Pulse-height analysis 236Pu (LLL calibration)

Mean (equiv wt) = 1278+14 o (single detn) = +39

¢ (mean) = 114
Mean (weighted) = 127014 o (single detn) = %12
o (mean) =44

-459-




may have unrealisticall> .ow errors

quoted, These errors ars
rom counting statistics znd do not include
any estimates of error Irom calibration

of 242Pu tracers,

Differences between
pulse-height analysis of ziutonium alpha
activity and mass-spectrometric analyses

L, 242 o
with Pu tracer woulc include any error

in the hali-life of ¥ py,

The total spread
of the determinations was 9, 7%.

Pairs of soil aliquots ‘rom common
field samples were distriouted to MCL,
LFE, and EIC over the course of the
analytical program. Thus, performance
of a given laboratory relative to the
others was monitored. I[2 most cases,
LFE and EIC results were compared with
MCL results, It should be noted that in
this comparison nonhomogeneity of any
given sample could cause an observed
difference between laboratories. However,
we have some confidence in this question
of homogeneity based upon results obtained
by gamma-counting 137C5. Analysis of
the data for 24 pairs of soil aliquots
shows an estimated difference of 6%
between duplicate soil aliquots which can
be ascribed to lack of homogeneity.

Data for laboratory comparisons of
239’240Pu and 9OSr results are given in
Tables 121 and 122,

tables include measured concentrations

Entries in these

and errors from each laboratory and a
ratio of concentrations with the error on
the ratio derived by propagating the
measurement errors, Entries in

Tables 121 and 122 in parentheses are
results which have been discarded before
calculating laboratory ratios, The ratios
are listed again in Tables 123-126 accord-
ing to laboratory and nuclide, along with

a statistical analysis of each set. Loga-
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ithms of the ratios were averaged tq

oduce a mean value for a giv

"

r
Py Ven set of

data. The significance of a mean valye
differing from unity (i.e., indicatiop of
possible bias), was tested by calculating

the standard deviation, Sp’ of the Mean, I
o {logarithmic mean), multiplying s_ by 2

. . M
factor t which is based upon the 957 con-

fidence level and is obtained from standarg

tables, and comparing the value of t. ¢ 1

QA oy

o

with . If the logarithmic means €Xcepd
t. Spe the observed bias is said to be

significant with a 95% level of confidence {

in the LFE/MCL comparisons, the
plutonium results (Table 123) show that
if one includes all samples (29), a mean
laboratory ratio of 1, 06 + 0.04 is calcu- ﬁ
lated with no evidence for significant
bias. If we exclude the two most deviant
members of the set, a mean laboratory
ratio of 1,02 £ 0,03 is calculated; again,
there is no evidence for significant bias.
The 20sr comparison (Table 124) shows
a mean laboratory ratio (LFE/MCL) of
0.943 £ 0. 033 if one includes all samples;

a statistical test indicates the bias is not

significant in this set of data (the value
of t Sy exceeds that of z). If we exclude
the two most deviant members of the set,
a pair of ratios which are nearly twice

the mean value, a mean laboratory ratio
of 0.901 + 0,012 is calculated. This re-
duced set of ratios exhibits much less

variation; statistically, the observed bias
is significant at the 95% confidence level.

In the EIC/MCL comparisons, the
plutonium data (Table 125) have had only

. inder .~
one very low ratio excluded; the remainder

produces a mean laboratory ratio of ;
0.85 + 0. 02, with statistically significant

bias indicated. The range of values and
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Iable 121, Interlaboratory comparison, ’ Pu and Srodata for soil samples, L vy MO

: 239, 240 ’ SO0, .
Concentration of * T Py, dpm/g Concentration of S, dpmjg

Sample No, LLF'E data MCI. data 1101/ MCT, LI data MO, data L oheymer,
BELLE 100 profile
30~0834-02 524421 48010 1.0910.05 1940414 214030 0.9110.02
33-0835-02 13243 123+12 T, 1.06+0.03 BHE 87 959119 0.9310. 040
(196 £8) 124422 S00 g1
126 5% Gug s
Av 12412 Av U291417
34-0836-02 20.310.2 19,7122 1.0340. 11 51515 586 14 0.48510,01
35-0837-02 5.7710,12 7.8540. 34 0.64940,06 22242 23411 0,49210,00
(15.440. 5) 9.1240.35% 2432
8.24+0.31° 2yt
Av 8.4010,65 Av 24015
36-0838-02 1.8710.06 2.1540. 11 0. 8510, 04 IREER! 75,0101, 3 L, 10
A (1.5810.03) 2.2740, 15 80. 61,0
2 Av 2. 2140, 09 Av 78,0140
' 38-0839-02 1.0140,04 1.02t0.03% 0,9710.05 31,540, 3 33,6104 0.9110,.01
(1.4910.03) 1.0710.042 35,010, 4%
(0.75t0.03) S, 810,470 -
Av 1.0440.03 Av 34.510.3
39-0840-02 0.6840.01 0.5740,02% 1.2640.07 13,110, 1 13.010. 1 0. 4810, 01
0.52+0.02% 13,640, 2%
(0.4110.03) 13,310, 2
Av 0.540.03 Av 13,3100
40-0841-02 0.28+0.09 0.14510.013 1.9340.63 4.7510. 04 2.7310. 10 16710, 10
(0.064+0,015) 2.96+0, 21
Av 2.8510, 16
41-0842-02 0.07740,003  0.04610.005 1,4810. 23 11440, 72 1424071 1.OT10. 0y

0.057+£0.008

Av 0.052+0.008

aMCL replicates on 0835, 0837, 0839, and 0840 were determined from a new soil sumple.



Table 121 (continued),

Concentration of 239, 240Pu, dpm/g Concentration of Qob'rdl dpm/g
Sample No, LFE data MCL data LFE/MCL I.FE data MCI1, data LFE/MCL
CLARA 100 profile
30-0843-03 19116 164 +18 1.1610. 13 30543 355%14 0.8610, 04
33-0844-03 16315 143+12 1.1440, 14 24745 20516 0.9740.03
34-0845-03 62,.8+2.5 58.245.6 1.08+0. 11 22019 24214 0.9110, 04
35-0846-03 15,810.5 14.2+1.0 1.1140, 09 12546 138 ¢1 0.0110,06
138 ¢l
Av 138+¢1
37-0847-03 3.6910. 15 3.5740.13 1,0320. 09 15015 166+1 0.95040.023
39-0848-03 1,100, 09 0,.8410.05 1,2140.18 50,1116 54,1 10,6 0.9410, 04
0.9910.08 51,910.7
Av 0.9110,11 Av 53,2+1.8
. DAISY 100 profile
g 30-0852-04 38011 41348 0,9240.03 14001360 1700 130 0,820,002
(‘\7 33-0853-04 91, 543.7 86.615. 8 1.0640. 08 43119 50048 0.8510.02
34-0854-04 44.611.8 46.816.1 1,0510. 15 22114 23046 0.9240.03
38.511.7
Av 42,615, 8
35-0855-04 23.310.7 25, 1tt.6 0, atta,.0v IR
36-0856-04 6,2140,19 7.6910.43 0.8110.05 103141 12010 0. 8610, 04
38-0857-04 2.9710, 06 2.0210.19 1, 18+0., 09 TH.743.6 Ta.6182.0 0.9710, 06
39-0858-04 0.8010.02 0.8610.05 0,9340. 06 45,010, 9 47,340,606 O, 9510, 02
40-~0859-04 - 0.33120.01 0.3310.03 1,000, 10 37.240.4 41,.940.4 0.89+0,01
(0,5710. 16)
e
Table 121 (continued),
Concentration of 239, 24oPu, dpm/g Concentration of 9OSr, dpm/g ‘
LFE data MCL data _LFE/MCL

LFE data MCL data LFE/MCL

Sample No,
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Table 121 (continued).

239, 240

Concentration of Pu, dpm/g

Sample No. LFE data MCL data

JANET surface samples

32-3793-10 37,71, 36.010.4
JAN 051-000-015

31-3850-10 79.943. ¢ 71.110.7
JAN 066-000-005

32-3856-10 45, 342.¢ 39.3140.4
JAN 069-000-015

32-4514-10 39.5¢£2. 38.210.7
JAN 084-000-015

32-3922-10 - 49,01, 54.010.5
JAN 101-000-015

32-3926-10 49,041, 48.012.0

JAN 103-000-015

LIFE/MCL

.0510.04
. 12+0.05
. 1510.06
.0310.05
.91+0.02

.0210.05

Concentration of 9OSr, dpm/g

LFE data MCL data
11542 15313
30246 30810
19612 2117
13644 15015
27145 33649
215411 23247

LITE/MCE

0.

0

0

0

0

L8410,

RN RN

0o,

L8 1E0,

L9310,

'ifll(),

02

04




Table 122, Interlaboratory comparison, 239, 240Pu and 9OSr data for soil samples, I31C vs MCL.,
Concentration of 239'240?u, dpm/g Concentration of ”OSI“ dpm /g
Sample No. EIC data MCL data EIC/MCL EIC data MCT. data EIC/MCT,
ALICE 100 profile
33-0826-01 58,0%2.7 58.742.9 0.99+40.07 290x14 3363 0.88+0.03
29946
Av 205¢l11
34-0827-01 2.3240. 14 2.4610.18 0.91+0. 08 96.947.2 101+l 0.90+0.04
2.6410.23 90.743.6
Av 2.5510, 16 84.643.2
Av 90.71£3.6
35-0828-01 0.65£0.06 0.6610,03 1.0010. 11 83.045.7 89.210.6 0.8610,04
0.6540,05 72.243.1
Av 0.65+0.04 75.14£2.8
Av 16.8%3.2
37-0829-01 0.3610.05 0.30+0.03 1,2040.21 64.0%4.8 74.810.4 0,86 t0,05
) G1l.5+2.6
g 66.913.0
’? Av 64.143.6
39-0830-01 0.12+0.02 0,073£0.015 1.6410. 34 46.942.7 50,410, 3 0.9440.05
48.8t1.9
Av47.942.3
40~0831-01 0.0910.03 0,09210.018 0.98+0. 38 30.242,2 37.0:0.73 0. 8210, 06
IRENE 050 profile
30-4720-09 23.3%1.0 20,3x1.8 1.15+0.11 93.1£1.0 10514 0. 8940,04
33-4721-09 24, 141.5 17.241.2 1,4040.13 82.540.9 87.413.3 0. %1 +0. 04
34-4722-09 14,.210.6 16, 2+¢1, 2 0.8810.08 76.440.8 H0.2t2.56 0.8510.03
35-4723-09 16, 540, 7 21.440,3 0.77+10. 04 05.4+1.0 11415 0. 8410, 01
37-4724-09 15.240.7 19,840.3 0.7710,04 85,010.9 11442 0.7510.02
39-4725-09 24,1+1.0 26.340.3 0.9210.04 104 +£1 10746 0.97140.05
40-4726-09 16.840.9 19,340.3 0.87+0,05 90.3+1.0 91.3+7. 9 0,9910.09
41-4727-09 7.3240, 52 7.73£0.71 0.95%0. 11 53.410.6 60, 1200 0.7720.03
12-4728-02 4,00+0,29 6.03+0.60 0,68+0.08 57.240.6 54.1:2.5 [.06:0,05
oo abe0 '
i pikutintetiin it e e
Table 122 (continued).
Concentration of 239, 24OF'U. dom/g Concentration of ”()Sr, dpmig



Table 122 (continued).

Concentration of 238, 240Pu, dpm/g Concentration of 9OSr‘ dpm/g
Sample No. EIC data MCL data EIC/MCL EIC data MCT, data I21C/MCIL
PEARL 101 profile
33-0876-17 26945 350133 0.7240, 17 1161 14947 0.85t0,12
206 45 35619 11541 122121
28917
Av 255443 Av 35319 Av 11611 Av 136119
34-0877-17 11.010.5 11.410.9 1,0440.13 47.240.5 5l.6142.1 0.9110,04
12.640.5
Av 11.8+1.1
35-0878-17 9.8210,47 12.8+1.2 0. 800, 06 21.6+40.4 68,942, 7 0.3710.06
(4.4910, 30) 11,810.8 25.910. 3 60, 1+1.0
(5.9110, 36) Av 12,3+0.7 Av 23.813.0 Av 64,516, 2
IRENE 100 profile
.¢I> 33-0861-09 9. 0510, 27 231417 0.038+0.003 206412 31548 0.6510.02
8 8.7940.46 219411 315149
! 7.96140. 50 Av 22549 Av 31516
Av 8.60+0.57
34-0862-09 26719 375120 0.7110,.041 G721 HOt L o200, 11
26947 348114 H70 L1l L2
Av 26816 Av 362+10 Av 621t72 Av 5169
35-0863-09 148618 21001120 0.7410,04 3980180 20960100 1.3310.04
1920190 2050t220
Av 2010%130 Av 2060150
37-0864-09 1367418 1900+110 0.7510, 04 2260423 D77 32 2,0510, 35
1760435 1967420 1420490
Av 1830190 Av 21151210 Av 1030+140
39-0865-09 535116 719140 0.7610, 04 1135¢11 731¢12 1.5510,08
691432 1075421 697420
Av 705125 Av 1105140 Av 714 124
40-0866-09 30519 385425 0, 8010, 04 1785118 1420114 L.1110, 22
379417 1809436 1140118
Av 382+14 Av 1800120 Av 12801200
i RAMRRGL LA | £k s e b - <mrmi R g R - ® e 4 a0 VIS b = B a“‘



Table 122 (continued),

Concentration of 239, 2‘mPu‘ dpm/g Concentration of 90Sr#dpm/g
Sample No, EIC data MCL data EIC/MCL EIC data MCIL. data EIC/MCI,
JANET 100 profile
30~0978-10 12814 147145 0.8710.04 102718 1220£20 0.85+0. 02
12942 104318 (33244)
Av 128+2 Av 103518
33-0979~-10 44,2+1.5 47,.0+1.7 0.92+0.03 49845 471189 1.0310.03
42,510, 8 47545
Av 43.340.9 Av 48612
34-0980-10 5.4340. 37 5.4540. 25 0. 9410, 07 17043 1681 1.01+0.02
4,7610.18
Av 5,10140. 33
PEARL 100 profile
30-0867-17 18.140.8 22.8+1.1 0.81140.05 25,241,2 23.312,1 1.06+0. 10
\ 18,.940.8 24.441.0 (7.9241.74)
& Av 18,510, 6 Av 24.840.6
cln 33-0868-17 9.0340.43 8.6540.31 1.1410. 10 25.5%1.1 18.0+0.8 1.1540. 29
10.6940, 58 18.240. 8 19,8%1.5
Av 9,8610, 83 Av 21.845,2 Av 18,941,383
34-0869-17 8.4540.48 8,9110.41 1.1410. 20 31.741.3 33.542.8 0.9540,09
11.8910, 84
Av 10,17%1.72
SALLY 200 profile
30-0884-19 9.0910. 48 11.140. 4 0.8210. 04 71.5%2.3 71.240.9 1.0010. 03
9. 0940, 27
Av 9,0910. 27
30-0885-19 12,7540.73 12,910.6 0.9910.05 10412 8115 1.2910.08
12.7540. 37 (113145)
Av 12.75%0. 37
NSRS —— -
Table 122 (continued),
Concentration of <39, 24'QPu, dpm/g Concentration of 9055 dpm/g
Sample No, EIC data MCL data EIC/MCL EIC data MCI. data BI1C/MCT.




Table 122 (continued),

Concentration of 239, 240Pu‘ dpm/g Concentration of 90Sr, dpm/g
Sample No., EIC data MCL data EIC/MCL EIC data MCIL data 1C/MCT,
ALICE 024 profile
30-2044-01 148145 208zt11 0.7110. 04 1230t12 136011 0.9010.03
33-2045-01 377112 637170 0.59%0, 07 2210122 25001944 0.8810.04
34-2046-01 10914 13917 0.78£0.05 75148 TO7425 0.9410.03
IRENE 047 profile
30-4693-09 50.611,0 65,213, 2 0.7810, 04 23612 20 L.olig, 20
17912
Av 208440
33-46954-09 55.011.0 82.613.9 0,6710.03 18912 210517 G.83t10,07
16942
Av 179514
34-4695-09 50.010.9 77.417.1 0.65+0. 006 15442 82.315.06 2.02140,18
1732
Av 166410
35-4696-09 57.6%1,2 88.7+5.0 0.65t0. 04 26513 96,040, 1 2.6310.25
23612
Av 250120
34-4697-09 89,4+£2,1 14119 0,6310.04 3001+3 122ty 2.0010, 19
32013
Av 310+14
39-4698-09 294 16 379433 0.7810, 07 57616 592427 0.9140,11
49645
Av 536457
40-4699-09 197144 280+16 0.70+0. 04 40244 433421 0. 8440, 11
32213
Av 362457
41-4700-09 13943 219+10 0,6310.03 2703 370413 0.6740.08
226 12
Av 248130
42-4701-09 17514 272114 0.67 0. 04 28343 312+11 0.81£0. 14
18945 222%2
Av 18215 Av 252443




Table 123, Interlaboratorv comparison, Enewetak soil samples.

Ratios of measured 239’24013u concentrations, LFE/ME\\ .
BELLE 100 profile 1.09+0.05 JANET surface 1.0540. 04 T
1.06x0.03 1.12+40.05
1.03x0.11 1.15%0.06
0.69=0,06 1.03%0.05
0.85+0.04 0.9110.02
0.97%0,.05 1.02£0.05
1.26+0, 07
(1.93%0.63) DAISY 100 profile 0.9240.03
(1.4820,23) 1.0610.08
1.0510. 15
CLARA 100 profile 1.16+0,13 0.9340.07
1.14+0, 14 0.8140.05
1.08%0. 11 1.18+0.09
1.11+0.09 0.9340. 06
1.0340.09 1.0010. 10
1.2140. 18
No, = 29 27
i = 0,05731 0.02268
s; = 0.1846 0. 1315
s = 0.03408 0.01729
Sﬁ = 0.03428 0.02530
t 'S;] = 0.07010 0.05192
e = 1,0610.04 1.02z0, 03
Range 0.69-1,93 0.69-1, 26
Significant bias? No No
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rable 124. Interlaboratory comparison, Enewetak Soil samples,

T Ratios of measured 965} concentrations, L¥E/MCL
— l
EEELEL}QQ—EEQLEE 0.91x0.02 JANET surrace 0.75%0.02
0.93%0.09 0.84+0.03
0.88%0.01 0.9340.03
0.92xC.02 0.0140.04
(1.77+0.10) 0.8120.03
0.914£0.01 0.43+0.06
0.98%0.01
(1.67£0.10) DAISY 100 prorile 0.82+0.02
1.01+0.07 0.85£0.02
0.02+0.03
CLARA 100 profile 0.86+0.04 0.86+0.04
— 0.07:0.03 0.9720. 06
0.91+£0.04 0.9%5x0.02
0.91+0.05 0.87+0.01
0.90+0, 03
0.9410. 04

No. - 28 26
i =-0.05863 -0.1048
sy = 0.1811 0.06548
s = 0.03280 0.004287
s; = 0.03423 0.01284
trs; = 0.07010 0.02640
e = 0.943+0.033  0.901:0.012
Range = 0.75-1.77 0.75-1.01
Significant bias? No Yes
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I

Table 125. Interlaboratory calibration, Enewetak soil samples.
Ratios of measured 239’2401311 concentrations, EIC/ MCL\\
T
ALICE 100 profile 0.99+0. 07 JANET 100 profile 0.87+0. 04
0.91+0,08 0.9210.03
1.00%0. 11 0.9410,
1.,2040, 21
1.64+0, 34 SALLY 200 profile 0.8240.04
0.9840. 38 0.99+0.05
ALICE 0§24 profile 0.71+0,04 PEARL 100 profile 0.81+0.05
0.59%0. 07 1.14+0. 10
0.78%0.05 1.14+0. 20
PEARL 101 profile 0.72+0. 17 IRENE 050 profile 1.15+0. 11 -
1.04+0.13 1.40+0. 13
0.80+0, 06 0.83+0,08
0.77+0.04
IRENE 047 profile 0.78x0, 04 0.77+0.04 -
0.67+0.03 0.92+0.04
0.65+0, 06 0.8710.05
0.65%0.04 0.95+0. 11 |
0.63+0.04 0.68+0.08 -
0.78%0.07
0.70+0. 04 IRENE 100 profile (0.03810.003)
0.6340.03 0.7440.04 .
0.67£0.04 0.7440. 04 -
0.7540.04
0.761+0.04 -
0.8010. 04 J
No, = 43 ‘
“ = 0.1670 l
s = 0.2223 l
s2 = 0.0491
s, = 0.03390 l
tes; = 0.06846 l
ek = 0.85%0.02 :
Range 0.59-1.64 '
Significant bias? Yes
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Table 126. Interlaboratory calibration, Enewetak soil samples.

Ratios of measured 9OSr concentrations, EIC/MCL

JLICE 100 protile 0.88%0.03 [RENE 100 profile  0.65%0,02
0.900. 04 1.20+0. 14
0.860. 04 1.34+0.04
0.86%0.05 (2.0520.35)
0.0440.05 1. 5540, 08
0.8220. 03 1.4120.22
ALICE 024 profile 0.90£0.03 IRENE 047 profile  1.01%0.20
0.8820.04 0.83+0.07
0.94%0.03 (2.020.18)
(2.6340. 25)
PEARL 101 profile 0.85%0. 12 (2. 5440, 19)
0.9120. 04 0.9140.11
(0.3740.08) 0.8410. 14
0.670.08
JANET 100 profile 0.85%0.02 0.8140. 14
1.03%0.03
1.01£0.02 IRENE 050 profile  0.89+0. 04
0.94+0. 04
PEARL 100 profile 1.0640. 10 0.85+0. 03
1.15%0. 20 0.8420.04
0.95%0.00 0.75%0.02
0.9740.05
SALLY 200 profile 1.0040.03 0.9940. 09
1.29+0.08 0.770.03
1.060, 05
No. = 44 39
i = -0.0004 -0.0601
s; = 0.3486 0.1837
512 = 0.1215 0.03375
s; = 0.05256 0.02942
t's; = 0.1061 0.05942
e = 1.0010.05 0.9440.03
Range 0.37-2.63 0.65-1.55
Significant bias? No Yes
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the standard deviation of a single member
of the set are both comparable with values
derived for the LFE/MCL plutonium
comparisons; however, this EIC/MCL set .
exhibits significant bias, The EIC/MCL *%r
comparison (Table 126) is characterized
by somewhat greater variation in values’
than observed in the preceding tables, If
we include all values listed in Table 128,
the mean laboratory ratio is 1,00 £ 0, 05,
with no indication of significant bias., If
we exclude the five most deviant ratios,

the range of values and the standard
deviation of a single member of the set

are reduced to values comparable tothose
encountered in the other comparisons,

The mean laboratory ratio for this re-
duced set is 0,94 £ 0,03, with statistically
significant bias indicated.

Of the four comparisons just discussed,
only the LFE/MCL plutonium data showed
both satisfactory mean values and no evi-
dence for bias. If one wants to derive a
most consistent set of data, the derived
values for interlaboratory bias can be
used to adjust all of the plutonium and
strontium soil data to a common calibra-
tion, However, considering the urgency
for completion of the survey report and
the general nature of the schedule of the
analytical program, we have not made
any arbitrary adjustment of data. If one
considers =10% bias as acceptable for
the purposes of this survey, only the
EIC/MCL plutonium comparison remains
a problem. Although the data presented
in this report are as reported by each
laboratory, we have identified the source
of wet-chemistry analyses for each
sample in the general data bank given in
Appendix II, if there is need for data

adjustment.
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Marine Samples

Among the marine samples, intep -
laboratory comparison was made by dig-
tributing aliquots of dried and homogvni-,,(.d
material to more than one laboraton,_
These comparisons were made to (‘f:eck
laboratory results for bias, recognizing
that some samples may present difficulti,

Avim Fn e v
aue 1o

eviscerated whole fish which show pieceq

of bone, etc. Comparisons between

LRE and MCL for 259, 240p, 905
55Fe are listed in Table 127, [n many
cases a comparison is labeled either “
consistent or inconsistent. Consistent
comparisons usually involve an upper
limit set by one laboratory and an actuai
measurement by the other laboratory,
where the measured concentration is
lower than the upper limit. Those com-
parisons where a measured concentration
exceeded an upper limit are labeled
inconsistent. The results are summar-

ized in Table 128.

The effectiveness of this comparison
239, 240 90
Pu and ""5r

results from MCL for many samples are

ts reduced because
upper-limit values. Positive signals
from both laboratories were obtained for
only a few samples. One factor which led
to this situation was generally low concen-
trations of plutonium and strontium in
marine samples; given additional time
and effort, additional measurements for
interlaboratory calibration would be
appropriate.

239, 240

For Pu, five valid comparisons

gave a mean laboratory ratio, LRE/MCL~

1.01 fg 32, with no evidence of significant
bias. There were four comparisons

where the results were inconsistent; the

worst of these cases was for 09-0381-37

marine samples -~ LRIS and MCL.,

Interlaboratory comparison,

Table 127,

Ve dnmide drv

55

Concentration of ©

220 %240
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Table 127, Interlaboratory comparison, marine samples - LIIZ and MCl.,
Sample Concentration of 239, 24OPu, dpm/g dry Concentration of 9051‘, dpm/g dry Concentration of SSFC, dpm/g dry
08-0787-10 I.LRE  0.12910. 007 LRE  0.1640.04 LRE  4.4910.06
Tridacna, 4.6540. 10 4.5710.11 av
mantle MCL  0.12210.017 MCI.  70.37 MO, 4.2410.93
0. 13040. 007 0.126140, 007 av 4.7840. 32 4,51140.73 av
LRE/MCL = 1.0240.07 Consistent LRE/MCI. = 1.0140., 16
09-0427-20 LRIE  0.0710.007 LRI 0,123+0,012 IRES 21,710, 2
Goatfish, MCL <0.036 MCI. <0.55 MCI,  24.912.5
eviscerated whole [nconsistent Consistent LRI/MCL = 0,8740, 09
09-0374-37 LRE 0.013x0.003 LRE 0.029%0,008 LLRE 13.010.1
Goatfish, 0.02040.018 13,912, 1 13.00. 1 av
eviscerated whole MCL <0.019 MCIL.  <0.66 MCT. (54,8543, 7)
14.441.6
12,841, 4 13.641.1 av
IS Consistent Consistent [LRE/MCIL. = 0.9610.08
c;] 09-0376-37 LLRE 0.026+0.013 [LRE 0.090+0.011 LRE  5.2110.06
I Goatfish, MCI. <0.016 MO, 0.58+0,08 MCT, 12.041.4 12.7+1,9
eviscerated whole (57,0t 8) Mttt 6 P2 110,60 av
Consistent IRE/MCL = 0.1610.03 I.RE/MCI, = 0.4310.02
09-0381-37 LRE  0.4060,090 LRE 20,07 L.IRE 1.4910.10
Convict surgeon, 0.311+0.079 0.358£0.084 av
eviscerated whole MCL <0,013 MCI. <0.,27 MCI. <4.3
<0.005
Inconsistent Consistent Consistent
09-0383-37 LRE 0.088%0.008 LRI <0.,02 LRE 0.6810.03
Convict surgeon, MCI, <0.014 : MCI. 20,71 MCT, 754
eviscerated whole Inconsistent Consistent Consistent
09-0345-37 LRE 0.04010.004 LRE  0.0310.01 LLRE  0.60:0.08
Convict surgeon, MCL <0,016 MCT. 70,68 MCI, “5.6 _

cviscerated whole Inconsistent C'onsistent Caonsistent




Table 127 (continued),

Sample Concentration of 239, 240Pu, dpm/g dry Concentration of 9051‘, dpm/g dry Concentration of 55{4‘6, dpm/g dry
09-0493-02 LLRE 0.14110.024 I.LRE 0.30010.020 IL.LRE 18.940.3
Mullet, 16,850, 2 17.9%1.5av
eviscerated whole MCI, 0,03110.003 MCT.  0.394:+40,034 MCT, 17.911.0
LRE/MCL = 4.540.9 LRE/MCL = 0.7610. 08 LRLE/MCE = 1.0010. 10
09-0497-02 . LRE LRE 0.44310.013 ILRE 21.840.20
Mullet, MCL 0.04210.008 MCL.  0.65410, 044 MCI. 21.7+0.54
eviscerated whole LRE/MCL = 0.68+0.05 LRE/MCL =1.0040.03
09-0498-02 LRE 19.540.6 LLRE 17.940. 2 LRE 18411
Mullet, viscera MCL 18.610.7 MCL <2.86 MCL 40216
LRE/MCL = 1.05+0.05 Inconsistent LRE/MCL =0.4640.01
09-0499-02 LRE 0.01310,003 LRE 0.049x0,.015 LRE 4.6140.04
Mullet, muscle MCL 0.012+0.002 MCI. <0,22 MCI., 18,740.5
) ] LRE/MCL = 1,120, 31 Consistent LRE/MCL = 0.25+0.01
§ - 09-0448-09 LRE LRE LRE 104 £1
! Snapper MCIL. 0.146%0.012 MCL 1.84+0.08 MCL 1704
LRE/MCT, = 0.61£0.02
09-0451-09 LRE 0.045+0, 007 [LRE 0.09740,016 I.RI 33.610.4
Mullet, muscle MCL  0,5410.08 MCI. <0,33 MCT,  39.241.6
LRE/MCL = 0.08310,018 Consistent LRE/MCIL = 0.85%0. 04
09-0453-09 LLRE 0.41510, 031 [LRE 2.0540.03 I.RE 26.940. 2
Mullet MCI. 0.38810.028 MCT, 1,960, 10 MCL,  37.4+1.4
LRE/MCL = 1.07+t0.11 LRE/MCL = 1.050. 06 LRE/MCI. = 0,7240.03
09-0511-10 LRE LRE 0.02210.004 ILRE 3.08+0.03
Mullet, MCL <0,064 MCL <0.68 MCL <4.0 -
eviscerated whole Consistent Consistent
09-0575-20 LRE LRE LLRE 10.410.1
Snapper, muscle MCL <0.004 MCL <0.24 MCL 13.310.9

LRE/MCL =0.78+0.05




~SLP-

Table 127 (continued).

239, 240

or
. . 85
Concentration ol rog, dpainy podaey

Sample Concentration of P, dpm/g dry Concentration of ”0‘51', dpin /g diy
09-0516-21 LRE <0.13 I.LRE  0.22410,021 TR 5.3910.04
Convict surgeon, MCL 0.03710,010 MCT, 0.28 NMOCT, 4631042
eviscerated whole Consistent Consistent LRE/NMCL = 101610, 10
09-0481-36 ILLRE LRI [LRED 19112
Skipjack, light MCL <0,009 MCL - 0.22 MCT. 20313
muscle LRE/MCTL = 0.9140,02
09-0685-37 LRE <0.043 LRI 0.0540.02 1L.RE 4. 1710,056
Parrotfish, MCL <0.038 MCI, -~ 0.54 MCT, 7.406141,.78
muscle Consistent Consistent LRESNCT, 0566100013
09-0687-37 [.LRE 0.4040,05 T.REE  0.1610.04 PRES 2893
Parrotfish, 0.09t0.02
viscera MCI, 0.4940.09 MCT. 0. 99 ATCT. 173832

LRE/MCIL, = 0.8240. 19 Consistent R NMCT, 006110, 04
09-0531-47 LRE 0.016+0.003 I.RE -~ 0,10 [LRED L6tz
Skipjack, 1314p ety
light muscle MCL <0.014 MCI, - 0.17 MCOT. 142t

<0,011 13743 14215 av
147 14

Consistent Consistent ITRIEE/MCTL = 0.8710,10
09-0693-54 I.RE 70,0025 LR 0. 11 IRt 6. 881010
Yellowfin tuna, MCI. <0.0048 MCT. 0.75 NMCT,  8.8410, 13
light muscle Consistent Consistent LLRE/MCT, = 0.7810,02




Table 128, Interlaboratory calibration, marine samples, ratios of concentratir,
1S

LRE  MCL.
239,240, 90 55 e “—Eg;g“-- ,
1.0220. 07 (0. 16+0. 03) 1.0140. 16 oj;;;;?;:\§‘"
(4.540.9) 0.76+0.08 0.8740. 00 0.7240.03
1.050. 05 0.68+0.05 0.96+0.08 0.78+0.05
1.12+0.31 1.05+0.06 0.4340.02 1.1640. 1
(0.0830.018) 1.00+0. 10 0.94+0. 02
1,070, 11 1.0040.03 0.56%0.13
0.82+0. 19 0.46%0.01 0.61%0. 04

0.2540.01 0.8740. 10
0.61%0.02 0.780.02
No. = 5 3 18 -
g - 0.01023 -0.2038 -0.3214
s = 0.1215 0.2257 0.3855
s2 = 0.01476 0.05093 0. 1486
s; = 0.05434 0.1303 0. 09086
t s, = 0.1397 0. 560 0.1909
A o= 10100 0.82f8:}é 0.72+0.07

No significant

bias bias

No significant

Significant bias

(convict surgeon, eviscerated whole)
where the observed plutonium concentra-
tion at LRE was 0.36 + 0.08 dpm/g and
upper limits set at MCL were <0,013

and <0, 005 dpm/g. Duplicate samples
were run at both laboratories. There is
no obvious explanation for this discrep-
ancy. Various possibilities, such as a
nonhomogeneous sample, mixup in sample
designation, plutonium contamination in

the laboratory, or loss of plutonium in

chemistry may be invoked as explanations.

In the other three instances, measured
plutonium concentration values from LRE
exceeded upper limits set at MCL by

factors of 2, 2,5, and 6.

For 9OSr, much of the data were con-

sistent but very often LRE reported a
low-level measurement while MCL tended
to report an upper limit at some higher
concentration. Four valid comparisons

were obtained, three of which gave moder-

ate agreement between laboratories. The .4

laboratory ratio, LRE/MCL, derived
from these three samples was 0.82 t 0.1}
the evidence is insufficient for determin”
ing significant bias. For the fourth
sample, a laboratory ratio of 0.16 0.03
was obtained. Also, one sample
(09-0498-02, mullet viscera) produced
inconsistent results; LRE reported

17.9 £ 0.2 dpm/g %0Sr and MCL set a
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[imit 0 2.6 dpm/g. Comments regard-
ing possxble explanations for inconsistent
esults s stated in the previous para-
graph apply here as well,

For 55Fe, the largest set of inter-
jaboratory compariscn data Ior marine
samples was obtainec. From 18 samples,
4 mean laboratory ratio of LRE/MCL =
0.72 = 8: 8% was obtained, with indication
of significant bias. XNo inconsistent
results were observed., Additional effort
on calibration of detectors at LRE and
MCL for counting 6-keV x rays from
55Fe decay is going on at this time,.
Relative to calibration data included with
a standard 55Fe solution obtained from
Amersham, the MCL detector is in agree-
ment, while the LRE detector calibration
is apparently low. Although this investi-
gation of interlaboratory bias is not
finished, the data could be made more
self-consistent (and, apparently, more
accurate) by adjusting the LRE 55Fe
results upward by 1/0.72 (or 1.39).
Incidentally, interlaboratory calibrations
between LLFE and MCL carried out in
1969 and 1971 for other programs have
shown good agreement for 55Fe results
(LFE/MCL = 0. 968), However, data
for 55Fe in marine samples from LRE
listed in the data bank (Appendix II) have
not been given any arbitrary adjustment
because: (1) The problem has not been
entirely resolved as to which measure-
ments are most accurate, and (2) 55Fe
Plays an insignificant role in dose esti-
Mmates for the marine food chain; the
Mmajor sources of biological dose in this
Pathway are 137Cs, GOCo, and 90Sr. We
concluded that adjustment of the LRE

Fe data would cause no detectable

change in dose estimates from the
marine pathway.

Comparison was made between LFE
and MCL on four marine samples; the
results are listed in Table 129, The first
sample in the table (08- 0782-20, viscera
and gut contents of sea cucumber) was
judged to be quite nonhomogeneous,
based uron the 9051‘ data and the amount
of coral found as gut content. The second
sample (09-0393-33, convict surgeon,
eviscerated whole) did not produce agree-
ment between laboratories; concentrations
of 239’240Pu and 908r measured at LFE
are factors of 5-7 times higher than
those measured at MCL. Consistent
results were observed for the last two
239, 24OPu and 9OSr and
moderately good agreement was obtained

between laboratories for 55Fe.

entries for

Replicate Analyses

A question of importance to the analyti-
cal program was whether soil samples,
having been dried, ground, and blended,
were homogeneous enough to allow mean-
ingful comparison of analyses from
separate aliquots of finely divided soil.

In order to investigate this question,
about 100 pairs of replicate soil samples
were prepared and gamma-counted.
Measured concentrations of 60Co and
137Cs in each pair were compared, From
this set of data, a group of 24 pairs was
selected where both samples of a given
pair were counted with the same Ge(Li)
detector system., Estimates of the
variance for this set of 24 replicate
analyses were calculated in two different
ways. The first, slz, is derived from
the spread of replicate measurements and

is calculated as indicated in Table 130,
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Table 129. Interlaboratory comparison, marine samples - LI'E and MCL.

. 239,240 . . 90, . 55,
Sample Concentration of Pu, dpm/g dry Concentration of ~ Sr, dpm/g dry Concentration of t'e, dpm/g dry
08-0782-20 LIFE 1.1810.01 LFE 4.1540.17 IL.FE 1,77+0, 30
Sea cucumber, MCL 0.9310.06
viscera and gut 1.4240.05 1-18%0.35av MCI,  1.856$0.26; 0.1240.03 MCT, <102
contents LIFE/MCI. 1. 0010, 30 ILIFE/MCT, = 2,210,385 35 [LE/NCT,: Consistent
09-0393-33 LFE 0.09610.003 LIPE 0.5210.02 ot 3.0210, 028
Convict surgeon, MCL 0.01340.002 MCL <0.77; 0.11£0.02 MCT,  <18.5
eviscerated whole LFE/MCL = 7.2%1.1 LFE/MCL =4.7£0.9 I.LI'E/MCIL.: Consistent
09-0300-43 LFE 0.004640.0006 LFE 0.20+£0.01 LIE  49,2£0.5
Goatfish, MCL <0.032 MCIL. <0.85 MCI. 53.344.0
eviscerated whole LFE/MCL: Consistent LFE/MCL: Consistent LFE/MCL = 0.9240.07
09-0345-43 LFE 0.011+40.001 LFE 0.1540,01 LFE  9.340.6
Mullet, MCL <0,024 MCIL <0.65 MCT. 13.742.7
eviscerated whole LFE/MCL: Consistent LFE/MCL: Consistent LFE/MCL = 0.68%0. 14

'
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Table 130. Gamma-spectroscopy replication, A vs D samples. Two soil aliquots
counted with same detector system.
Co 137 ¢
Uncorrected Corrected Uncorrected Corrected
.2
\:2(xl vi) ;
% = i+ i) - = 0.00408 0. 004864 0.00475 0.00468
1 2n
Sy = 0.0639 0.0681 0.0689 0.0684
>} 9
E(G S+ o)
¥ Yy
5.2 = = 0.00321 0.00119
2 2n
S, = 0.0587 0.0345
n = 24 24
2,2
51/5‘7 = 1.27 1.44 4.0 3.9
F = 2.0 2.0
0.030 0.060 0.059

1
n
~ D
i
193]
NN
| S
—
N
I

522, is derived from experi-
mental uncertainties quoted for each

The second,

and o
1 4! )
as percentage uncertainty) and is calcu-

lated as indicated in Table 130,

measurement (o are expressed

The two estimates of variance are
compared to see if there is a statistically
significant difference between them.,
Should this be the case — and assuming
that 512 will be greater than s22 — the
source of the difference can be ascribed
If the

Samples are homogeneous, 512 and So

to nonhomogeneity of samples. \
should be the same statistically. In

order to test this question, we perform an
F-test on the ratio, F = 512/522, where

§, has n, degrees of freedom and s,

has n, degrees of freedom. Standard

tables of values for F as a function of n,
n,, and confidence 12eve12are available,.
Should the ratio, s; /52 , exceed a value
of F extracted from the table, the esti-
mates of variance differ in a statistically

significant way.

Tests were made with our data at a
95% confidence level. Results are shown
in Table 130. For 60Co, with data in the
firsit column marked "Uncorrected, " we
find that 512 values do not differ
significantly,

A refinement to the data was added be-
cause some of the replicate pairs were
packaged in different-sized cans due to
lack of sample. The counting results
for these pairs were corrected for any

difference in counting efficiency between
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can sizes observed when a series of
standard soil samples was counted at the
beginning of the program. The data,
are listed in

columns labeled ”Corrected.” For 6OCo,

with these corrections,

there was little change in the result; in
fact, corrected results showed slightly
greater imprecision,

The 137Cs data,

precision in experimental uncertainties

which exhibit greater

due to higher concentrations than the

60Co data, indicate a statistically signifi-
cant difference in estimates of variance.
Standard deviation for a single pair in the
set is 6, 9%, based upon the spread of
duplicates; standard deviation based upon
quoted experimental uncertainties is 3. 5%.
An estimate of imprecision due to non-
homogeneity is derived by taking the square
root of (812 - 522). We obtain an average
contribution of 6% imprecision in dupli-
There

is no difference between results for cor-

cates due to sample inhoinogeneity,
rected and uncorrected data, Thus, we
have an estimate of effectiveness in the

sample homogenization procedure,

Measurement of 241Am Concentration —

Alpha Detection vs Gamma Detection

41Am

content in every sample by gamma assay,

In addition to measurement of 2

wet-chemistry analyses were performed
on a selected number of samples, and
241Am concentrations were determined
243, _
Am

tracer is added to permit measurement

by alpha counting. In practice,
of chemical yield, and a 241/243 activity
ratio is measured by pulse-height

analysis techniques. These measurements

served two purposes: (1) To permit com-

-480-

parison of two different methods 1,

241

measuring Am, and, for other Samyp)

. Pley
(2) to provide greater sensitivity {ny a0 .

2
tecting 24

'Am than available from routine
gamma counting,

Comparison data for 24 soi] sampleg
are shown in Table 131. A mean value
for the ratio between wet-chemistry deter-
mination and gamma counting, MCL/LI,L,
is 1.20 = 0. 05, with evidence for signifi-
cant bias, Since relatively large errorg
25-357,;, were guoted for about half of '
these samples, we have calculated a
value for the MCL/LLL ratio, 1,21 + 0 g4
based upon samples with more precise ,
241\ data (first 11 entries in table), Ax
with the entire set, there is evidence for
significant bias. Comparison of a variance
for this set of 11 calculated from variation
of samples from the mean (512) with a
variance calculated from experimental
uncertainties quoted for individual measure-
ments shows no significant difference be-
tween them (based upon anF test at a 95%
confidence level). Thus, the variation of
values in this set of 11 results can be

accounted for by experimental uncertaintica,

Accurate determination of 241Am in
soil samples of nominal 300-g mass and
at counting geometries (flush against the
detector housing face) typical of this
program's gamma spectrometry is
judged to be difficult. Questions of self-
absorption, changes in geometry due to
settling of soil in the can, incomplete
grinding of certain samples, lack of homo*®
geneity, and other problems can be raised
in discussing ultimate accuracy of the
method. Chemical isolation of americiu®
and assay via alpha pulse-height analysis
is expected to be more accurate for this

kind of sample. Thus, it appears that




Table 131, Comparison of alpha count and gamma-=-sooctrr ymetric anailvses for
241Aﬂ1in separatc batches of soil (MCL s .11,
Alpha count Gamma spectrometiry

sample No. (MCL), dpm ¢ (LLL), dpm ¢ MCL LLL
33-2039-01 1.13=x0. 38 1.3220.2 0.06+0. 11
34-2040-01 5.55+0.45 4,280, 37 1.30=0.15
37-2042-01 7.0620.48 5,420,235 1.30z0. 12
32-2141-01 4, 56+0. 33 1,180, 32 1.00+0. 11
35-2017-02 51,2243 39.6%3.7 1.20=0, 16
32-2113-02 19,732 313,73 1.14=0. 11
32-2115-02 64.424.6 55.5= 1.16+=0.08
32-2850-03 27.3%£3.0 19.3%1.+< 1.41=0.18
35-2716-045 22,327 17.2=1.+ 1.30=0, 1%
37-2717-05 25.6+3.3 19.0£1. 2 1.35=0. 20
32-2856-05 14.1=1.0 12,720 1.11=0,11
32-2860-05 30.416.1 17.921.3 1.70=0. 36
32-2189-01 66.0£13.2 43,72, 7 1.51%0, 32
30-4720-09 7.6820.41 7.1242. 58 1.08=0.40
33-4721-09 5.5740. 22 3.05+1.28 1.4120.45
34-4722-09 5.1740, 23 3.88x1.04 1.33£0.3
35-4723-09 7.1810.48 f.70+£1.72 1.07=0. 23
37-4724-09 7.22x0.46 5.17+1.41 1.40£0. 37
39-4725-09 10,20, 7 10.343.1 0.99+0. 31
40-4726-09 8.9610.66 10,042, ¢ 0.90=0. 27
41-4727-09 3.61+0, 27 3.31%£0.°8 1.000, 33
42-4728-09 2.73+0. 20 3.48+%1.20 0.78+0.28
31-3720-10 40.6£2.6 27,7£5. 0 1.47+0., 33
31-3333-14 82.743.9 T0.3+14.4 1.18=0. 25

g = 0.1496 t-sﬁ = 0.1315

s, = 0.2090 e = 1.1620.07

H s;2 = 0.04369 s,° = 0.08393
2 2
s; = 0.06034 Sy /s2 = 1.57
Fo= 2.7
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Table 132, Comparison of alpha count and gamma-spectrometric analyses fop
241 A1 in marine samples (MCL vs LLL and LFE vs LLL)
Alpha count, Gamma spectrometry
Sample No, dom/g (LLL), dpm/g MCL/LL%
08-0504-02 MCL 5310. 09 0.78+0.42 2.0%1,1
09-0449-09 MCL .8+0.4 8.3zx1 0.9440, 13
09-0473-02 MCL 3.3x0.2 3.2x1.6 1.0+0.5
09-0506-02 MCL 1.864£0.09 1.62£0. 51 1.1510, 36
09-0494-02 LFE 5.0x0,1 10.0£1.0 0.60+0.06
Factor of improvement
in sensitivity or valye
of limit N
08-0476-01 MCL 0.50+0.04 <1.5 3.0 ‘
08-0535-02 MCL 0.92+0.05 <1.2 1.3
09-0597-09 MCL 0.52+0.03 <0.63 1.2
09-0326-33 MCL <0.01¢9 <0.61 32
09-0483-38 MCL <0,031 1.8540. 20 Inconsistent
08-0358-38 LFE <2.9 <0.063 No improvement
08-0304-39 LFE <0.48 <1.,9 4.0
08-0353-39 LFE 0.1940.04 <2.5 13
09-0271-39 LFE 0.09240.023 <0.35 3.8
09-0312-43 LFE 0.3240. 04 <2.4 7.5
09-0338-43 LFE 7.0£3.7 38 Inconsistent
(239:240py - 9,47 dpm/g)
09-0462-60 LFE 0.16+0.02 <1.0 6.2
the body of 241Am data for soil samples minations by alpha counting and gamma

reported in this survey may be systemati-

cally low by about 20%. However, since
this check for bias involved a relatively
small number of samples and the magni-
tude of the bias is somewhat uncertain,
the body of 2‘MAm data for soils is just
as reported, based upon gamma spectro-
A possible bias of 20% in the

Am data for soils has negligible effect

metry.
241

emitters in soil since 24 Am contributed

mall fraction of the total dos

of 241Am deter~

counting was made on a group of 17 marine J
samples. The data are listed in Table 132. '
Ratios which compare methods were ob- i
tained for the first five entries in the

table. The ratio for the most precisely l
measured sample, 09-0494-02, is l

aface

0.60 £ 0.06. The other four show satisiac

tory agreement between methods; the ra-

tios have large enough uncertainties that J
varies significantly from unity. Datd

for the remaining samples in Table 132 g78;

demonstrate improvement in sensitivity

1.
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3. Comparison of alpha count and gamma-specirometric analvses or

5 ) i _ o )
“41:\m vegetation and animal samples (MCL vs [LLLLL and LLFE = .0 L},

Alphza count
(MCL), dpm o

Gamma spectrometry
(LLLL), dpm ¢

Tactor or i N e
Factor of improvement

sample No. in sensitivity

yegetation
——

zamples
sampres

10-2256-03 0,10 0.25 2.6
10-32013-00 0.010=0.002 0. 16 16
10-3207-0¢ 0.020=0.003 0.32%0. 14 MCL/LLL = 0, 0620028
10-2435-15 0.012-0.002 0,074 5.2
10-2447-16 0.025=0.003 0. 10 7.6
10-3275-24 0.325=0.016 0. 2540. 11 MCL LLL = 1.33:0, 58
10-0205-33 - 0.006 ©0.10 32
| 10-0081-38 0. 006 0.17 28

Alpha count
(LFL), dpm/go

Gamma spectrometry
(LLL), dpm/g

Factor of improvement

Sample No. in sensitivity

Animal

samples

11-9094-10 0.009=0,006 ~ 0,07 110
11-9130-10 <0.025 4.3 170
11-9099-24 <0.017 <1.3 30
11-9136-24 < 0.016 <0.21 13
11-9127-10 0.1140.09 <1.0 0.1
11-9115-24 <0.004 <2, 580

24

Other comparable 1:’Xm data for

through the entire system, from initial
vegetation and animal samples are given processing to wet-chemistry analysis, at
in Table 133. The data emphasize im- varying intervals during the processing

Provements in scnsitivity available from period. These samples were given identi-

wet-chemical analysis and alpha counting. cal treatment to neighboring samples as

For vegetation samples, increases in they were prepared and analyzed., Results
sensitivity were factors in the range, from this series, given in Table 134, were
2,6-32, while for animal samples, in- expected to bear on questions of cross-

Creases were factors in the range, 9-580, contamination in the analytical sequence,

Since the main sample load was processed
Background Samples

in approximate sequence from low-level

. A series of coral soil samples for contamination to higher levels, cross-

background determination were put contamination if detectable at all, would
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Table 134, Background samples, Midway coral,

Concentration, pCi/g

Processed with

Sample No. Sam?slfasndfrom [\ﬁaertfgr}‘lrf]rgésg;y 60Co S)OSr 137(‘,5 239'2401’11
01-1305+70 L.UCY LFE <0,014 ---- <0.010 0.04610.002
01-1306-70 JANET MCL <0.015 <0.32 <0.010 0.010+0.002
01-1307-70 FRED MCL <0, 034 <0, 34 <0.016 0.01310. 004
01-1308-70 LFE - 0.018+0.002 ———— 0.012+0.001
01-1309-70 LFE ---- 0.016+0. 006 -—-- 0.013+0,001
01-1310-70 IRENE LFE <0.018 0.042+0.009 <0.017 0.01240.002
01-1314-70 YVONNE LFE <0.018 0.02410, 006 <0.014 0.01540.001
01-1315-70 YVONNE I.I'ES < 0.008 0.02310.003 < 0,007 0.1181t0,005
(YVONNE 122 profile)
01-1316-70 YVONNE MCL <0.003 <0.43 0.01240.003 0.013+0.004
01-1317-70 YVONNE MCL <0.010 <0.27 0,007 0.01140,002
(YVONNE 145 profile)
01-1318-70 LFE
Mean value <0.015 0.025 <0.,012 0.012
(exclude 1305,1315)
Range <(0.003-0.034) 0,016-0,042 <(0.007-0.017) 0.010-0.015

M
hi
{
™
Al
0}
1\

1

s
€
L
R
el



pecome more obvious in later samples of
\he series. The material used for back-
ground measurements came from a single
patch of coral sand taken from Alidway
{sland and was supplied to us by Major

w. A. Myers of MCL. It was known not
10 be significantly contaminated.

The data in Table 134 show very little
evidence for any cross-contamination
«ith batches of highly contaminated
gnewetak coral, The gamma emitters
sive no evidence of contamination. No
6AOCo was detected in any of the samples;
an average upper limit value was
.0,015 pCi/g. For 137Cs, one sample
yielded detectable cesium at 0,012 +
0.003 pCi/g, while the remainder gave
upper limits averaging <0.012 pCi/g.

For 9OSr, MCL reported upper limits
ranging from <0. 27 to <0.43 pCi/g,
while LFE reported five measurements
with a mean value of 0, 025 pCi/g and a
range of 0,016-0, 042 pCi/g. For
239'240Pu, two of the results from LFE
showed very slightly elevated levels; the

values were 0,046 = 0, 002 and

0.118 £ 0.005 pCi;g. The remaining
analyses, from both LFE and MCL,
produce a tightly clustered set with a
mean of 0.012 pCi/g and a range of
0.010-0.015 pCi/g. Sample 1315 was
processed with samples from YVONNE
which contained high levels of plutonium,
ranging up to 500 pCi/g. These plutonium
results for 1305 and 1315 are the only
indication of cross-contamination given
by the data for background samples. The
constant levels of 9OSr and 239, 24OPu
measured for most of the samples can be
ascribed to fallout on Midway Island dur-
ing the years since atmospheric testing
began, Since this batch of soil was col-
lected on a beach and has been subjected
to the leaching action of seawater, one
should not try to read any significance
into the absolute amounts of strontium
and plutonium observed.

We are grateful for guidance from
Dr. H. B. Levy in the statistical treat-

ment of data.
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ENEWETAK SURVEY RADIOLOGICAL
CONTROLS
O. D. T. Lynch, Jr.

Nevada Operations Office,
Las Vegas, Nevada

UsSAEC

Introduction
in the planning of the precieanup survey
etffort, it was recognized that radiation

fields and radioactive contamination

however, at the time the survey began,
the radiological conditions oI all of the
= 1

previous

s s known that the
i1sland of Y

'ONNE had signiiicant plu-

<‘

tonium contamination probiems,
SALLY, IRENE, and JANET were known

to have activated/contaminated scrap

while

metal or buried plutonium-contaminated
debris. The radiological conditions on
KATE, LUCY, MARY, NANCY, OLIVE,
PEARL, VERA, and WILMA were

PEARL

had a surface ground zero and the other

unknown but could be inferred,

islands were near contaminated locations.

general radiological s

Survey Manager, These requirements
provided for personnel dosimetry and

radiological suppor
related personnel,

All survey personnel leaving FRED

Enewetak Atoll and personnel utilizing
radioactive materials or handling poten-
FRED were required to wear a personnel
dosimeter (TLD),

were issued upon arrival at the Atoll and

These dosimeters

were returned to the LLL Hazards (- a

wun -
trol representative upon departure iy,
the Atoll,

uim

The personnel dosimeter-

utilized by the survey was the LI1 TLD
unit, which consisted of three TI D

[Harshaw TLD 100 (LiF), TLD 200

chine
ps

(CaF,), and TLD 700 (LiF, depleted ip
Li -l mounted separately in a numbere

plastic disk. An alumin

m beta-shjelq
was provid open window over
100 chip. Control TLDs were

Atoll and returned, with

o]
)
)
o.
=3
oq
)
3
Q.
jo!
[
I
o]
o}
]
o
(s
W
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o

back to FRED, all sample processing,
counting, and storage areas were moni-
tored with portable survey instruments
for beta-gamma and alpha emitters.
Swipe tests were also made; the swipes
were counted on portable swipe counters
fielded for that purpose.

A monitor accompanied all survey
parties landing on the islands designated
by the Survey Manager as requiring
radioiogical support, Portabie survey
instruments specifically designed to detect
alpha, beta-gamma, and gamma—only
emissions were used,
at Enewetak Atoll makes alpha detection
a problem because condensation not only
causes electrical problems with all
portable survey instruments.

e PAC-1S, Early

in the survey, and

during previous surveys, the principal
alpha-radiation detection instrument
was the PAC-1S. Aircraft restrictions

prohibited carrying of gas for the

&
L3

PAC-4G, a more sensitive and desira

instrument, leaving the PAC-1S as th
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alv alternatve, This instrument uses

.y alpha s:ointillation detector with an
W .)

qetive arez of 50 em” and an aluminized

\vlar wincow with a thickness of

)

1.5 mg/cm . The scintillation crystal

\« silver-activated zinc sulfide,

LLL ""Blue Alpha Meter. ' As the field
Jffort progressed, an LLL modification
of a well-known, air-chamber-type

alpha surver instrument became avail-
able to the Enewetak survey teams.
Although ot ruggedized like the

pPAC-1S, the instrument was much more
sensitive: it had an air chamber with an
eifective area of 100 cm2 and an alum-
inized (on both sides) Mylar window

with an effective thickness of 0.385
mg/cm2. Also, the probe guard was
half as thick as the PAC-1S probe
enabling near-contact measurements
The air

chamber was subject to damage by

of surfaces to be made.

sharp objects, more so than the
PAC-15; however, unless a large hole
had been torn in the Mylar, it was

still serviceable,

Both the PAC-1S and the LLL "Blue
Alpha Meter ' were calibrated on
239PU. Alpha sources attached to the
survey instruments were used for

field checking.

The following beta-gamma detectors
‘tre used to obtain contact readings on
aminated ‘activated radioactive scrap:
*E-400B. This instrument is a portable

Geiger counter used for conducting
A tube
Sensitive to gamma and beta radiation
Dis-

Crimination between the two types of

beta-gamma radiation surveys.
is located in the external probe.

Fadiation is made by means of a rotary

shield on the probve.

=

The probe has an

enerdy cutoff at approximatelv 0. 31 Mo\

ane was calibrated with the 662-keV

‘aclation from lbTCs.
® [ uaglum Model 3, with Aodel 44-0
"pancake' prove. This "thin-window"
cetector was used for low-energy
Zamma- and beta-radiation detection
on scrap.  The survey meter itself
was used only as a relative indicator
of contamination levels, The Model

4+4-9 "pancake' probe uses an effective
)

window thickness of 1,5 to 2 mg/cm
{mica) and diameter of 1,75 in. The
window thickness was increased to
N mg/‘cm2 by applying plastic tape to
the probe face. This instrument was
calibrated for gamma radiation using
6OCo and for beta emissions using
QOSI‘, but it was intended to be for

low-energy beta-gamma.

The following gamma detectors were

used:

e NE-148 Scintillation Monitor 904-148.
This is the Baird-Atomic portable
survey instrument which was used in
the soil survey and terrestrizl radia-
tion measurement program. The
Model 904-148 scintillation monitor is
a highly sensitive instrument capable
of measuring extremely fine gradations
of gamma-radiation levels in three
ranges, up to 3 mR/hr. The detecting

element is a smaller version (1 X 1 in.)

of the Nal(T1) crystal scintillator used
in the aerial radiation survey. The
instrument was calibrated using 137Cs

for gamma fields. It proved to be a

reliable device which was very rugged

and well suited for use in the field.

e Fidler probe. The Fidler, a low-
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energy x-rav detector, consists of a
5-in, diam X 1 1% in, -thick Nal{T1)
crystal opticallv coupled through a

quartz light pipe 10 a selected

RCA 8055 photomultiplier tube. The
detector entrance window is 10-mil
beryllium, and the entire assembly is
encased in a 5/32-in. stainless steel
can, A portable regulated high-voltage
power supply and single-channel ana-
lyzer with integral count rate meter

are used for the detection of plutonium
X rays and the americium gamma ray.
Field calibration was accomplished

with 41 am.

Results of General Radiological Controls

A total of 125 TLD personnel dosimeters
were issued to 84 people between
October 13, 1972 and February 17, 1973,
Only one dosimeter indicated any positive
exposure above the minimum detectable
dose (10 mrem)., This dosimeter was not
turned in when the individual to whom it
was assigned left the Atoll, When recovered
by mail in the continental United States, it

indicated a total exposure of 18 mrem

N/

® = Surface ground zero
Y N

(8 mrem above the minimum detectaly),.
dose)., The 8§-mrem difference jg Compar.
able to the exposure one would receiy,
during a high-altitude passenger flight 1n
a commercial aircraft flying from linw‘.l“
to the continental United States ang was
probably accumulated during this indiv,-
dual’ s flight and subsequent mailing of
the dosimeter.

The monitoring program conducted on
FRED to prevent and control cross-
contamination of soil samples was appar-
ently successful. All swipes werc negative,
and no significant contamination was de-
tected in the sample areas by portable

survey instruments.

Special Radiological Controls

Ocean reef

RADEX access control

Lagoon

Special controls were established for
the soil-collection and terrestrial-
radiation survey efforts on the northern
half of YVONNE, where pieces of plutonium
were known to be randomly distributed on
or near the surface north of the Tower
Bunker (HARDTACK Station 1310). In
addition, the area immediately south of
the CACTUS crater was known to have

Decontamination pad
and burial pit
£ Hot line

Tower bunker

Fig. 115. Locations of the soil-sampling RADEX area and radiological control

operation, YVONNE (Runit).
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Loma tevels or approximatelv 1 miBohr,

vhe pighest i the Atoll,

[Jor the purpose ol this survey, &
diation exclusion (RADEX) area was
stablished from the Tower Bunker north
.o the CACTUS crater (Fig. 115). Com-
plete radiation safety controls were in
cifect within this RADEX area, A decon-
qamination pad for equipment 'was set up
on the ocean side of this RADEX area
immediately adjacent to the hot line, A
sersonnel decontamination facility ana
hot line were established on the east
side of the tower; they controlled the sole
access route ror personnel going into the

survey area.

Air Monitoring

Air samples were taken continously in
the area immediately downwind from the
soil-disturbing activities in order to de-
tect any resuspension of radioactivity,

The airborne contaminants were collected
on filters which were changed at the end

of each work day. Additionally, two lapel-
tvpe, low-veolume air samplers were used.
One was placed on the backhoe operator,
and the other on a profile monitor for more
realistic evaluation of breathing zone con-
centrations, Samples were counted at
Enewetak at the end of the day for gross
activity and forwarded to LLL for further
analysis, Daily gross results were avail-

able to the sampling team leaders.

Personnel Monitoring
The LLL TLD system was used to

Monitor personnel on YVONNE for external

tXposure to beta-gamma radiation. All in-
dividuals engaged in survey activites on
YVONNE were issued the TLD packet
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which was worn on the upper bodv in the
same manner as a film badge.

Swipe tests using aisks of filter paper
were used to evaluate and detect removable
surface contamination on equipment and

area surfaces.

Contamination Controls

Every effort was made to prevent radio-
active contamination of personnel., All
personnel entering the YVONNE RADEXN
area or working at the hot line were suited
out in full anticontamination (anti-C)
clothing, consisting of one pair of cover-
alls, totes, cotton gloves, and cloth hood.
All seams were taped. Those personnel
collecting soil samples, displacing soil,
or downwind from soil displacing activi-
ties, wore an Acme full-face mask, or
equivalent, equipped with an Acme
OAPR 282 high-etficiency canister.

All personnel left the area through the
hot-line station and were monitored for
alpha and beta-gamma contamination
before, during, and after removing anti-C
gear. Nose swipes were collected from
selected individuals after all anti-C gear
was removed., Decontamination capability
was available at the hot'line. Smoking
and eating were not permitted in the
RADEX area,

All contaminated anti-C gear was re-
moved and suitably packaged at the hot
line, Contaminated waste produced by
the survey effort was collected, bagged,
and buried on YVONNE in a marked area
just east of the Tower Bunker.

All equipment used in the RADEX area
was monitored with portable survey
instruments and swipe tested., It was
decontaminated when necessary.,

Soil samples taken from the northern

- |
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part of YVONNE could have contained
considerable amounts of 2 9Pu, theretfore
care was taken to prevent not only cross-
contamination between individual samples
but also contamination of personnel,

equipment, and storage areas used in the

recovery and processing of these samples,

Profile samples, collected from pits
dug by backhoe {4- to 6-{t-deep profiles),
were carefully removed from the pits
with special side-wall sampling tools in
approximately 10-cm-depth increments.
Each individual sample was bagged and
numbered at the time of collection. The
sample was then bagged once more in a
heavy plastic bag to guard against break-
age of bags and leakage of material. All
samples from a single profile location
were again bagged in a single large plas-
tic bag to keep all contents together for
transfer to Enewetak,

To reduce airborne contamination dur-
ing this windy and relatively dry season,
all soil collection areas were wet down
with salt water prior to any soil-
disturbing activities,

All samples passing over the hot line
on YVONNE were monitored for external
alpha contamination. Samples found con-
taminated were bagged again and marked
as having surface contamination on the
inner bags. Soil samples from the north-
ern portion of YVONNE were segregated
from samples taken from other locations
and kept in a special storage area where
the floors were covered with a plastic
sheet to provide for easy removal of con-

tamination in case of leakage.

Decontamination

A personnel decontamination facility,

which included a freshwater shower and
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washstand, was provided at the hot line ]
Personnel were monitored crossipy 1 =
hot line and were decontaminateq r::‘hc 3
necessary. ‘

A final equipment decontaminat; Dfé
was set up on the concrete land?r:l:z::d “%
Saltwater washdown capability wag pp.. G4
vided. All digging equipment uged E):(:hc ufg
RADEX area was decontaminated ga¢ the
landing ramp. Effluent flowed back into
the ground and into the lagoon,

Although every effort was made to pre-
vent personnel contamination, a compre-
hensive bioassay program was followed 1o * ¥
ascertain any internal contamination, o
document either its absence or presence
for the record, and to evaluate the effec-
tiveness of control measures. Samples

were taken in the following ways:

e Nose swipes were taken from selected
personnel working in the area of air-
borne contamination immediately after EH
the end of the work period when they

removed their anti-C apparel.

® A 24-hr collection sample of urine was
submitted by each YVONNE survey
participant at the completion of the 1

survey effort. These samples were

forwarded to the United States for }‘(
analysis. :
e Selected individuals known to be in- Q

volved in the YVONNE sampling effort

had base-line whole-body (lung) counts

prior to their arrival on Enewetak. a
These individuals were whole-body e
counted again upon the completion of u

the survey to evaluate any internal
deposition acquired during the survey

effort,

Pt
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Only one individual required personal
decontamination during the YVONNE soil-
sampling effort, In this case, simple
washing with soap and water removed the
spha contamination (less than 100 dpm).
Anticontamination clothing did become con-
taminated with low-level alpha emitters
(a few nundred dpm),

Equipment used to dig the sampling
irenches also became contaminated. The
low-level alpha contamination was removed
by high-pressure saltwater spray betfore
the equipment left the island. Vehicles
used for transportation within the RADEX
area did not need decontamination,

Air samplers, running continuously
during the sampling operation showed
positive indications of plutonium activity.
The maximum observed values were
1,6 pCi/ m® on one lapel monitor and
9.5 X 1072 pCi/m° on the downwind low-
volume air sampler, approximately 10 ft
from the sampling trench. The background
high-volume air sampler, operated behind
the hot line, indicated a maximum of
7.4 X 1072 pCi/m°*

TLD personnel dosimeters did not
indicate any significant beta-gamma ex-
posures due to this final soil-collection
effort, The results of analysis of urine
samples and whole-body counts, taken
after the field effort, were negative.

It is concluded that the radiological
safety controls used for the Enewetak pre-
cleanup survey field effort were adequate

and effective.
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DOSE ASSESSMENT AND EVALUATION

Introduction

The potential dosages to the returning
population on Enewetak Atoll are developed
and discussed in this chapter. The data
base for the analysis is derived from all
the information collected during the sur-
vey portion of the program, Four major
(1) external

gamma exposure, (2) inhalation, (3) mar-

pathways are considered:

ine food chain, and (4) terrestrial food
chain, Models used for assessment of
each pathway are described in the section
of the chapter dealing with that specific
pathway. Living patterns, i.e., dietary
habits, location of villages, and daily
habits which influence time distributions
at various geographical locations in the
Atoll,are of primary importance in deter-
mining the relative significance of each
exposure pathway to the total dose, Six
living patterns have been constructed
and evaluated to determine the sensitivity
of these factors and the possible range of
dosages. Each section describes the rela-
tive impact of the complete living patterns,
and specific components within living
patterns, upon the dose contribution via
the four pathways. The chapter is organ-
ized as follows:

(1) Dietary and living patterns

(2) External dose pathway

{3) Inhalation pathway

(4) Marine food chain

(5) Terrestrial food chain

(6) Summary of dose assessment and
evaluation
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Fig. 116. Islands (those circled) requested as village locations by the Enewetak people.

Dietary and Living Patterns

W. L. Robison
Lawrence Livermore Laboratory
Livermore, California

Living Patterns

The Enewetak people have expressed a
desire to make Parry-Enewetak and Engebi
the residence islands for the two Enewe-

takese socio-political groups (see chapter

on Enewetak). Figure 116 shows the Atoll

and the islands chosen for village locations.

The separation of the two socio-political
groups was the life-style prior to evacua-
tion, with the Engebi people and their
chief headquartered on Engebi and the
Enewetak people and their chief head-
quartered in the southern part of the Atoil.

Qur dose estimates are therefore
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Table 135. Living patterns describing the geogranhical locations for activities
) involved in dailv living.
am——
Pattern | Pattern I1
pesidence Enewetak, Parrv Enewetak, Parry
/’——‘ 1 ~
M ALVIN through KEITH KATE through WILMA + LEROY
Fishing Entire Atoll Entire Atoll
/__‘b
Pattern I1I Pattern IV
Residence JANET BELILE
Agriculture JANET BELLE
AgricHi At Y

Fishing Entire Atoll

Pattern V
Residence JANET
Agriculture KATE through WILMA -
Fishing Entire Atoll

LEROY

Entire Atoll

Pattern VI

JANET
ALICE through IRENE
Entire Atoll

based upon these islands as the village
areas, with visits to other islands for
planting and collection of food. Generally,
people living on Engebi own land on the
neighboring islands, i.e., in the northern
half of the Atoll, while those living on
Parry and Enewetak own land on the islands
in the southern half of the Atoil. These
nearby islands would be used for additional
agriculture and food collection by the two
respective groups.

As a result of the above-mentioned de-

sires of the Enewetak people, the six dif-
ferent living patterns shown in Table 135
have been synthesized for estimating the
potential dose to the returning population.
For estimating the dose via the terrestrial
food chain, islands are grouped according
to a common range of external exposures
and radionuclide concentrations in the soil;
these groups are shown in Fig. 117. JANET
and YVONNE are listed individually (Groups
II and IV) and LEROY is included in the
Group III islands, KATE through WILMA.
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Fig. 117, Island groups used for assessing the dose via the terrestrial food chain,

The living patterns are designed to in-
clude the most probabie circumstances
which will occur when the inhabitants
return (patterns I, II, III, V, and VI), as
well as a more extreme exposure situa-
The

effects on total dose of these various liv-

tion which could occur (pattern IV),

ing patterns will be discussed in the sec-

tions dealing with the external exposure,

the exposure via food chains and in the
section describing the total doses via all
pathways.

The distribution of time between village,
interior, beach, lagoon, and other islands
is shown in Tables 136 and 137. The
breakdown is based upon reports by
Jack Tobin from his years of experience

in the Marshall Islands and from Ken



~yple 136. Estimated time distribution (in percent) for men, women, children,
a and 1nfants, with emphasis on residence island. Pattern A,

Village area  Beaches Interior Lagoon Other islands
\en 50 5 15 10 20
women 60 10 10 0 20
children 59 10 15 5 15
gfants 35 5 0 0 10

rable 137. Estimated time distribution (in percent) for men, women, children,
and infants with emphasis on additional time spent on nonresidence
islands. Pattern B.

Village area  Beaches Interior Lagoon  Other islands
Men 40 5 20 10 25
Women 50 5 15 5 25
Children 50 5 15 10 20
Infants 70 5 5 0 20

Table 138. Population distribution of Enewetak.

Age groups Percentage of total population
Infants (0-5 yr) Male 12
Female 10
Children (6-18 yr) Male 21
Female 21
Adults (19-50 yr) Male 18
Female 14
Adults (over 50) - Male
Female 2

Total population 432
On Ujilang now 340

-495-




Table 139. Poswlated diet for the returning adult Enewetak population for time of
return and for 10 yr after initial return.
Diet, g/dav

Food item At time of return 10 vr after return
Fish 600 600
Domestic meat 60 100
Pandanus fruit 0 200
Breadfruit 0 150
Wild birds 100 20
Bird eggs 20 10
Arrowroot 0 40
Coconut 100 100
Coconut milk 100 300
Coconut crabs 25 25
Clams 25 25
Garden vegetables 0 0
Imports 200-1000 200-1000

1030 plus imports

1570 plus imports

Marsh who observed the Enewetak people
on Ujilang and interviewed them as to
their probable habits upon return to Ene-
wetak Atoll.

Table 137 differs from Table 136 in
that it increases the time spent in loca-
tions other than the residence island;
this may be the situation during the first
years of return while the inhabitants are
cultivating and reestablishing the agricul-
tural islands.

The population distribution of the Ene-
wetak people, as determined by a census
conducted by Dr., Jack Tobin in the fall of
1973, is shown in Table 138.

Diet.

The composition of the diet shown in
Table 139, both at the time of initial re-
inhabitation of the Atoll and 10 yr after

return, was compiled from reports and

interviews of Jack Tobin of the Trust

Territories, Ken Marsh of LLL, Vic
Nelson of the University of Washington,
and Dr. Mary Murai, a nutritionist at
the University of California, Berkeley,
who spent a number .of years living on
Majuro and visited several of the atolls
in the Marshall Islands. The reports by
Tobin, Marsh, and Nelson are included
in this report, Dr. Murai contributed

through private discussion and through

_her publication "Nutrition Study in Micro-

nesia, "' Atoll Research Bulletin No. 27
(1954), issued by the Pacific Science
Board National Academy of Sciences —
National Research Council,

The diets listed are intended to repre-
sent the average diet if the Atoll resources
and Atoll agriculture are pursued in a
manner similar to that prior to removal

of the people from the Atoll for the test-
ing program. The diet from 0 to 10 yr

reflects the current lack of significant
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quantitic:‘ of pandanus, breadiruit and
coconuts, all of which will have to be
i)lanted upon return and all ¢ which have
- to 10-+vr development pericds before
contributing edible fruit to the diet.

The general opinion of all the sources
listed above is that imports oI rice,
flour, tea, canned fish (tuna, mackerel,
salmon, «tc. ) and canned meats will
probably be major components in the diet
of the Enewetakese because they are now
accustomed to such living, They prefer
to establish a cash economy and purchase
most of their needed food items. It
would therefore appear that dose calcula-
tions based upon the dietary intake per se
shown in Table 139 may overestimate the
total dose via the food chains; however,
a brief comment on each of the items

listed for both diets is in order.

Fish — The 600-g/day average intake,
both initially and 10 yr after return, is
probably a high estimate in view of the
dietary and living habits of the people
today. Bones and viscera of fish, dark
muscle of tuna, a‘nd invertebrates such
as sea cucumbers are not eaten by the

natives,

Domestic Meat — This commodity is

likely to be in shorter supply upon return
than later because the people do not have
sufficient room to raise many head of
livestock where they presently live and

it will take time to increase the pig and

chicken population,

Pandanus Fruit — There are fewer

than 10 pandanus plants on the entire Atoll
at present, New plants will have to be

started and will bear fruit about 8-10 yr
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after planting.

Breadiruit — No breadfruit trees were
encountered in the survey, Again a pro-
gram of replanting will be necessary,
with a subsequent period of approximately

8-10 yr before edible fruit is available,

Wild Birds and Bird Eggs — Wild

birds are plentiful now, but the population

will probably be depleted when the 400

people return.

Arrowroot — Very small patches of
arrowroot were observed on the southern
islands, with one larger patch observed
on DAVID. Arrowroot will therefore have
to be planted. However, the people have
indicated that they much prefer imported
white wheat flour and would only use arrow-

root as a second choice.

Coconut and Coconut Milk — Islands in

the southern half of the Atoll, especially
Parry, FRED, and GLENN, have a
large enough coconut crop to supply the
people who first return. More coconut
groves will be established on the other
islands; however it takes approximately
8-10 yr for coconut trees to become pro-

ductive and useful,

Coconut Crabs — The crab population

now parallels that of the coconut trees in
distribution. As more trees are planted,
the coconut crab can be reintroduced to
the other islands., The only question may
be how rapidly the returning people har-
vest the available crabs and how well they
practice conservation of this species.

The people consider the crab a delicacy

and could easily decimate the population.




Clams — Giant clams (Tridacna) are
eaten raw and almost exclusively by the
men during fishing trips, If the clams
are not harvested under controlled condi-
tions, they could be depleted to a stage
where there would be few available in

10 yr.

Garden Vegetables — Very few garden

vegetables will probably be available if
current agricultural practices are con-
tinued. Terrestrial plants and garden
crops, if planted, are allowed to grow in
natural surroundings with very little organ-
ized gardening, i.e., no fencing or pro-
tected areas., The people prefer not to
have high-maintenance agricultural situa-
tions. At the same time, their iivestock,
mostly pigs and chickens, are allowed
complete freedom to roam as they please.
The combination of low-intensity open
agriculture and the uncontrolled meander-
ing of the livestock tends to make fresh
garden vegetables an unlikely component

of the diet,

Imports — A large part of the diet is
expected to consist of imported products,
It is possible that imports will supply

nearly the whole diet, with local marine
and terrestrial products serving only in

a limited way and on special festive occa-
If this should be the case, then

the doses incurred by the returning popu-

sions,

lation via the marine and terrestrial food
chains will be far below those listed in

this report.
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External Dose Determination

H. L. Beck and J. E. McLaughljp
Health and Safety Laboratory
U. 5. Atomic Energy Comrr;ission
New York, New York

P. H. Gudiksen and D. E. Joneg

LLawrence Livermore Laboratory

Livermore, California

As described in the earlier Sectiong
on

the EG&G aerial survey and PhOtOgraphy
the terrestrial soil and radiation Sur\’(»;-.
gamma~ra)-

exposure rates have been measured g

and external dose estimates,

this program by aerial survey, hand-helg
instruments, and thermoluminescent
dosimeters. The three techniques yicld
the same results within £ 10%; in the sec-
tion on external dose estimates it was
stated that the aerial-survey data would 1
be used for those estimates, Average
dose rates as obtained from the aerial
survey are summarized in Table 140,
Even though wide variations in gamma-
ray exposure rates were measured
throughout the northern islands, it was
necessary, for the purpose of the dose
calculation, to derive the most reasonable
values of the current mean exposure rates #
for each specific geographical area under
consideration. These values are shown in
Table 141 for the living patterns of
Table 135, The mean exposure rates for
specific areas of JANET were obtained by

137 g and 69Co iso-

examination of the
exposure-rate contour maps provided by
the aerial survey. The village area was
assumed to lie along the lagoon side of

the island. The mean values given for

the northern islands were obtained by
weighting the mean exposure rates for
each individual island with the area of
each island. Since the minor contamina~
tion of the southern islands is relatively

uniform, the mean 137Cs and 606 ex-




cable 140. Summaryv of average dose rates for isldands in Enewetak Atoll.

2 Avergge dose rate, uR/hr atl m?
land Heg 0¢q <0-£O§?;J) Range”
ALICE 12 36 81 1-170
BELLE 61 50 115 5-200
CLARA 20 LY 12 5-100
DAISY 6.8 4.4 21.3 5-140

b pNa 2.8 2.4 6 5-8
IRENE 14 63 80 3-560
JANET 25 13 40 2-150
RKATE 11 7 19 3-99

t LUCY 6 n 14 1-20

‘ PERCY 2 2 5 2-11

! MARY 5.0 4 10 2-12
NANCY 6 5 12 1-50
OLIVE 6.5 4.5 11 1-15
PEARL 12 45 70 1-400
RUBY 2 12 14 1-42
SALLY 3.5 3 7 3-110
TILDA 4 2 6 2-11
URSULA 3 1.8 5 1-7
VERA 2.8 2 5 1-6
WILMA 1 1 2 1-3

; YVONNE 5.6 22.4 33 1-750

i SAM <0.3 (0.20) <0.6 (0.11) <0.9 0-1

! TOM <0.3 (0, 18) 0.6 (0.13) <0.9 0-1
URIAH 20.3 (0. 086) <0.6 (0.43) <0.9 0-1
VAN <0.3 (0.08) <0.6 (0.25) <0.9 0-1
ALVIN N.D. (0.06) <0.6 (0. 25) <0.9 0-1
BRUCE 0.4 (0.22) 0.8 (0. 34) 1.2 0-1
CLYDE <0.3 (0.04) <0.6 (0.11) <0.9 0-1
DAVID N.D. (0. 21) N.D. (0.10) <0.9 0-5
REX <0.3 (0. 28) <0.6 (0. 25) <0.9 0-1
ELMER N.D. (0.19) N.D.(0.12) <0.9 0-2
WALT <0. 3 (0.08) <0.6 (0.10) <0.9 0-1
FRED N.D. (0. 14) N. D. (0.12) <0.9 0-1
GLENN 0.4 (0,33) <0.6 (0. 20) <0.9 0-1
HENRY <0.3 (0.14) <0.6 (0. 20) <0.9 0-1
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Table 140 (continued).

Average dose rate, yR/hr at 1 m?
Total ¥
Island 137 g 60c, (0-3 MeV) M
IRWIN <0.3 (0.08) <0.6 (0.46) <0.9 0-1
JAMES <0.3 (0.05) 2.8 3.0 0-5
KEITH <0.3 (0.15) <0.6 (0.49) <0.9 0-2
LEROY 2.8 4.8 7.6 -

aAver‘age dose rates given are derived from aerial-survey data. On islands where
activity levels are at the lower limit of sensitivity of the aerial-survey equipment

dose rates derived from the soil sample data are given in parentheses.

bAs measured with the Baird-Atomic instrument.

Table 1

JANET

RELLE

FRED,

l.agoon

i

Norther.
(ALICE-
excludin

Norther:
(ALICE-

excludin

Norther:
(ALICE-

Norther:
(KATE -\

Southern
(ALVIN-



Table 141. Estimated mean exposure rates (uR/hr) used for dose calculations.
Exposure rate, uR/hr
Major geographical area Source Village Interior Beach
- 137
[ANET “Cs 9.0 33 1.0
0¢o 5.0 14 0.5
Cosmic and natural 3.5 3.5 3.5
GELLE B3l es 61 61 1.0
60(‘0 50 50 0.5
Cosmic and natural 3.5 3.5 3.5
FRED, ELMER, or DAVID Bles 2 0.2 0.2
60 1 0.1 0.1
Cosmic and natural A 3.5 3.5
lagoon Cosmic and natural 3.5 3.5 3.5

Northern islands
(ALICE-WILMA, but
excluding JANET)

Northern islands
(ALICE-WILMA, but
excluding BELLE)

Northern islands
(ALICE-IRENE)

Northern islands
(KATE-WILMA)

Southern islands
(ALVIN-KEITH)

137CS
GOCO

Cosmic and natural

137CS

GOCO

Cosmic and natural

137CS

GOCO

Cosmic and natural

137Cs

GOCO

Cosmic and natural

137CS

60CO

Cosmic and natural

Area-weighted mean exposure
rates, uR/hr

14
21
3.5

34
47
3.5

5.9
11
3.5
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posure rates were chosen by inspection
of the individual aerial-survey contour
maps and of the soil data. The cosmic-
ray contribution was estimated to be

3.3 uR/hr at this latitude, and the natur-
ally occurring radionuclides in the soil
and sea water were expected to contribute
an additional 0.2 uR/hr.

The relative gamma-ray exposure rate
contributions from 60Co and 137Cs ob-
tained from the aerial survey agrees well
with values independently inferred from
the soil activity-depth profile measure-
ments, Althotigh the soil measurements
indicate trace amounts of other gamma

emitters, such as 1255b, 155Eu, and

24:lA.m, calculations of exposure rates
based upon the observed soil activities
indicate that these radionuclides contri-
bute at most an additional 3 to 5% of the
total exposure rate, The contribution
due to these radionuclides was therefore
neglected. Thus, the mean exposure
rates shown in Table 141 are felt to be
the most reasonable values available for
computing integrated dose values. In
fact, these mean values may be somewhat
conservative, even though the aerial-
survey data agree well with the TLD data,
because the latter may have slightly over-
estimated the exposure rates due to the
minimal beta-ray shielding afforded by
the TLD badges.

Integral 5-, 10-, 30-, and 70-yr
gamma-ray doses for each age group
were calculated for each case or living
The re-

sults were then combined by ''folding"

pattern described in Table 135,

in the present population distribution
shown in Table 138.

made for radioactive decay but not for

Corrections were

possible weathering and subsequent

deeper penctration of the radionuclid(.g

in the soil. The results of these (g

culy-
tions are given in Table 142 and apre

labeled "unmodified, "

Additional caley-
lations were made to ascertain the effey
of reasonable attempts to reduce the ox-
posure rates on the Atoll,

The first modification, labeled "villug..
graveled" in Table 142, reflects the ffecq
of covering the village areas with abouyt
2 in, of coral gravel — a common prac-
tice throughout Micronesia.” This actjop
can be expected to reduce the gamma
exposure rates in the village area by
approximately a factor of two. The second
and third modifications are based upon
the assumption that clearing the islands
for agricultural use and housing will re-
sult in some mixing of the topsoil. It
appears that it would be practircal during
this period to also plow many of the more
contaminated islands to a depth of 1 ft.

Assuming that plowing results in mixing

rather than burying the topsoil, an average

reduction in exposure rates of about a
This re-

duction factor is based upon the present

factor of three may be obtained.

3- to 5-cm relaxation lengths (the depth
at which the activity is e ©, or 37% of
the surface activity) for activity depth
distribution in the uppermost soil layers
of the more contaminated areas. This
value, however, is highly variable from
In Table 142 modification (2)
indicates the effect of plowing only JANET
or BELLE, while modification (3) reflects
the additional effect of plowing all the

site to site,

northern islands, Deeper plowing or

turning over the soil rather than mixing

E . -
J. A. Tobin, private communication,
1973.
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Table 142, Estimated integral external free-air zamma doses,
- Gamma dose, rad
Time interval, vr
Case LLiving pattern 5 10 30 70
I Village: Enewetak/Parry
Visits to ALVIN-KEITH
Time distribution: Table 137
Unmodified 0.14 0.28 0.83 1.92
11 Village: Enewetak/Parry
Visits to ALICE-WILAA
Time distribution: Table 137
Unmodified 0.38 0.68 1.50 297
3., Northern islands plowed (0.22) (0.41) (1.08) (2.26)
111 Village: JANET
No visits to other islands
Time distribution: Table 137 with ' other
islands' time spent in interior of JANET
Unmodified 0.94 1.71 3.95 6.66
1. Village graveled (0.82) (1.49) (3.48) (5.96)
2. JANET plowed (0.36) (0.68) (1.70) (3.24)
v Village: BELLE
Visits to ALICE-WILMA
Time distribution: Table 137
Unmodified 2.72  4.78 10.06 15.50
1. Village graveled (1.78) (3.14) (6.69)(10.53)
2. Plus BELLE plowed (0.83) (1.47) (3.26) (5.47)
3. Plus northern islands plowed (0.68) (1.23) (2.77) (4.76)
\Y Village: JANET
Visits to KATE-WILMA
Time distribution: Table 137
Unmodified 0.71 1.28 2.94 5.06
1. Village graveled (0.59) (1.07) (2.48) (4.36)
2. Plus JANET plowed (0.36) (0.66) (1.59) (3.02)
3. Plus KATE-WILMA plowed (0.29) (0.54) (1.36) (2.71)




Table 142 (continued).

\
Time interv31, '\'r —
Case Living pattern S 10 30 70
VI Village: JANET T
Visits to ALICE-IRENE
Time distribution: Table 137 r
Unmodified .15 2.03 4.395 4,
1. Village graveled (1.02) (1.81) (3.93) (6. 4%
2. Plus JANET plowed (0.80) (1.41) (3.05) (5. 0uy
3. Plus ALICE-IRENE plowed (0.43) (0.78) (1.385) (3. 34)
Via Village: JANET
Visits to ALICE-WILMA
Time distribution: Table 136
Unmodified 0.76 1.37 3.12 5. 133
1. Village graveled (0.62) (1.12) (2.58) (4.51) i
2. Plus JANET plowed (0.41) (0.75) (1.77) (3.27) 1
3. Plus northern islands plowed (0.30) (0.56) (1.40) (2.76)
VIib Village: JANET
Visits to ALVIN-KEITH
Time distribution: Table 136
Unmodified 0.60 1.10 2.60 4.60
1. Village graveled (0.48) (0.88) (2.14) (3.90)
2. Plus JANET plowed (0.25) (0.48) (1.26) (2.56)
Mean population dose
(Average of Cases I, II, III, V, and Vi)
Unmodified 0.66 1.20 2.74 4.75
1. Village graveled (0.59) (1.07) (2.46) (4.33)
2. Plus JANET plowed (0.41) (0.74) (1,75) (3.25)
3. Plus all northern islands plowed (0.29) (0.54) (1.36) (2.70)
Sea level, U.S.A.
(80 mrad/yr) Typical 0.40 0.80 2.40 5.60 ﬁ
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| would, of course, result in even greater
Cx},osure-rate reductions. For example,

qixing to & depth of 2 it would reduce the
exposure rates by an additional factor of

WO while covering the sources with
1

approximately 1 ft of uncontaminated soil
would essentially reduce the exposure
rates to negligible values similar to those
observed on the southern islands. Remov-
ing the top 6 in. of soil, which orten con-
tains about two-thirds of the activity,

would result in a threefold reduction in

the exposure rates, The advantages of
plowing or removing the topsoil should,
nowever, be considered on a case-by-
case basis because of the highly variable
distributions of activity with depth. In
fact, plowing IRENE could possibly in-
crease the exposure rates in specific
areas due to the elevated agtivity

levels beneath the surface,

A review of Table 142 reveals that ex-
tensive modifications may not be required
in order to reduce the dose leveis to
values comparable to typical U.S, values.
Keeping in mind that Cases [, [I, III, V,
and VI represent approximations to the
most likely living patterns, one observes
that even for Cases V and VI, the unmodi-
fied 70-yr integral doses are comparable
to U, S, values™, while Cases I and II lead
to considerably lower doses. The mean
integrated doses to the entire population,
shown in Table 142, were derived by
averaging those for Cases I, II, III, V,
and VI, This implies that half of the re-
turning population live on JANET, and

the other half live on FRED, ELMER, or

"H, L. Beck, W. J. Lowder, B. G.
Bennett, and W, J. Condon, Further
Studies of External Environmental
Radiation, USAEC, Rept. HASL-170
(1966),.

DAVID, and that trips to the northern or
southern islands are equally likely for
both groups. The unmodified mecan popu-
lation doses are all quite comparable to
U.S. values, At most, implementation
of modifications 1 and 2 should be suftfi-
cient to assure mean population exposures
well below the U, S, levels, Case IV
represents a ''worst credible' type of liv-
ing pattern which, of course, leads to
appreciably higher doses. However, even
in this situation, the modifications can
bring the levels down to the range of U. S.
values,

Because of the low amount of natural
radiocactivity normally present in the
coral atolls, the external dose levels cal-
V, and VI are still

appreciably higher than corresponding

culated for Cases III,

levels found elsewhere in the Marshall
[slands (essentially Case [). The results
for Cases I and Il indicate that restricting
the permanent villages to ''ciean' southern
islands at least temporarily would result
in lower exposures. Note that for Case I[Ib
almost as much exposure is accumulated
in the first 10 years as in the succeeding
20 years.

As illustrated in Table 143 for Case Via,
the differences in radiation exposure of
the various population groups are minor,
particularly for the longer time periods.
Similar results were obtained for the
other living patterns, indicating that the
exact breakdown among age groups is not
highly important, Table 144 illustrates
the distribution of dose with respect to
geographical area for Cases I, II, V, Vlia,
and VIb,

while working in the interior or on other

The large fraction received

islands reflects, of course, the higher

exposure rates present in these areas,
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Table 143, Illustration of dose breakdown among population groups
(Case VIa - unmodified).

Total integrated dose, rad o2
Group 5yr 10 yr 30 yr 70 yr T ]

yr [ W
<
Infants 0.64 1.15 2.66 4.63
Children 0.79 1.43 3.24 5.52 vt
Men 0.82 1.47 3.32 5.61 r M
Women 0.79 1.42 : 3.20 5.42 o
T —

Table 144. Percentage of unmodified exposure received from various locales, #

Case Village Beach Interior Lagoon Other islands
Via 47 2 27 1 23 -
V and VI 36 1 33 2 28
I1 22 2 8 4 64
Vb 58 2 33 1 5
1 50 5 17 8 20

dFor 30-yr intervals averaged over population distribution. Percentages for other

time periods are similar,

All of the doses discussed so far are
due to free-air gamma plus cosmic-ray
exposures. The effect of shielding by
structures or the body itself on gonadal
or bone doses has been ignored. To
convert from free-air dose (rads) to
gonadal dose (rem), a body-shielding
factor of 0.8 may be used®.

The free-air dose will be additionally
enhanced by the presence of beta rays,
originating primarily from 908r and 90Y
in the soil. In radiation fields produced
by global fallout, where the 9OSI‘/ 137cs

activity ratio in the soil is normally

*Report of the United Nations Scientific °

Committee on The Effects of Atomic
Radiation, 27th Session, Vol. 1,
Suppl. No. 25 (1973).
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about 0.67, the free-air beta dose at 1 m
above the ground is expected to be about
four times that due to the 137Cs gamma
rays. At Enewetak, however, the 90Sr/
137Cs activity ratios in the soil samples
showed a wide range of values, with an
average ratio of about three, Thus, the
free~air beta dose rates may average
about 600 urad/hr in the interior of
JANET and about 200 urad/hr in the vil-
lage area, The resulting beta-ray doses
to the skin, eye lenses, and gonads will
be about 50, 25, and 1%, respectively, of

the free-air valuesT. Thus, appreciable

TK. O' Brian, Health and Safety Labora-
tory, USAEC, New York, private
communication (1973),
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acreases in skin and eye-lens doses due
jo the beta contribution could be expected.
The gonadal dose, on the other hand,
sould be insignificant,

Very little information is available to
+erify these calculated beta-ray air doses,
yut indications are that they may be un-
realistically high. This is based upon
data obtained from two Lil"¥ TLD badges
that were equipped with aluminum shields,
one of which was situated within the inter-
ior of JANET, These shielded badges
only showed an approximate 10% reduction
in exposure rates from those measured
by the unshielded badges at the same loca-
tion, thus leading one to suspect that the
beta air doses are considerably less than

the calculated values.

Evaluation of the Inhalation Pathway

D. W. Wilson
Lawrence Livermore Laboratory
Livermore, California

The purpose of this analysis is to deter-
mine the significance of radioactivity in
soils of the Atoll for their potential to
inhalation exposures and to provide data
necessary for making decisions regard-
ing cleanup and future habitation,

It has been well documented that radio-
activity in soils can resuspend in the
atmosphere and be available for inhala-
tion, For most radionuclides this path-
way contributes an insignificant dosage
Compared with dosages derived from
other pathways. For example, analysis

137Cs in the U. S, environ-

of dosages from
Mment has shown that, as an upper limit,
resuspension is no more than 0, 003% of
the infinite-time dosage from all path-

Vays to an individua.l*. The results of

such an analysis would be similar for
60Co and 9OSr, but not for plutonium and
other actinide elements, These latter
radionuclides contribute negligibly to ex-
ternal exposures to the whole body and
move inefficiently through food chains,
resulting in an increased relative impor-
tance of the inhalation pathway.
Comparison of the maximum permis-
sible concentrations in air (MPCa‘ s),
60 908r and 137

shows that Co, Cs contri-
bute little to the dosages derived from

inhalation as compared with plutonium
(see Table 145). The MPC_ for *OSr in
the soluble form comes closest to being
significant, The ratio of the MPC, for
239Pu is 40, for

example, These radionuclides would be

soluble 908r to insoluble

of equal significance if 90Sr levels in

239Pu. QOSI‘

levels in the Atoll are generally only
239P

soil are 40 times those of
2-3 times those of u. The ratio will
decrease with time due to more rapid
radioactive decay of 9OSr and its preferen-
tial runoff to the aquatic environment.
QOSr, 137

tion are expected to contribute less than

Cs, and 60Co dosages via inhala-

5% to the total inhalation exposure,

Average values for 241Am on the
islands ranged from 0.07 to 8.2 pCi/g in
the top 15 cm of soil (see chapter on
terrestrial soil and radiation survey),
The 241Am to 239, 240
by island, ranged from approximately
0.25to 3.5. Highest 241

Am values were
associated with the lowest

Pu ratio, island

239,240

Y. Ng, W. Robison, and D. Wilson,
""Modeling Radiation Exposures to Popu-
lations from Radioactivity Released to
the Environment, " in IAEA/NEA/WHO
Symposium on Environmental Behavior
of Radionuclides Released in the Nuclear
Industry, Aix-en-Provence, France,
May 14-18, 1973.
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Table 145. MPC, for radionuclides found in Enewetak soils. &

MPCa, uCi/cm®

Radionuclide Soluble form Insoluble form Reference
T —
60¢c, 1x10°° (total body) 3% 1077 (lung) 2
90Sr 4 X 10—10 (bone) 2 X 10—9 (lung) 3
137 s 2% 1079 (total body) 5% 1077 (lung) 2
238p, 7% 10713 (bone) 1 x 10" (lung) 2
239p, 6 x 10712 (bone) 1x 107 (lung) 9
241Am 2 X 10—12 (bone, kidney) 4 X 10_11 (lung) 2

2 The concentration in air computed as leading to the maximum allowable dose rate in
the organ of reference, noted in the table, when an individual is continuously exposed

to the contaminent in air.

values on an island-by-island basis. On
the basis of the MPCa values a;;dl these
soil data, Am
presently in soil would be a small contri-
An addi-
Am activity will grow

24 1Pu.

it is concluded that

butor to the inhalation dosages.
tional amount of 241
in from further decay of

241
“""Pu has gone

Since
the testing period, the
through almost two half-lives,

241Am values measured now are almost

Therefore,

as high as wiil be obtained by further de-
1
24 Pu.

Three approaches may be used to

cay of the remaining

sampling during the survey as the

basis for the evaluation.

Air sampling of the Atoll during the
survey showed resuspension levels to be
so low as to be masked in the 'background’
of atmospheric radioactivity present from

fallout of stratospheric origin (see chapter

n roeanrmniing nma s oo

o at . - \ Ly o PUPRE [
Lil all "oallipliulig plrograiij. rne vimy
exceptions were noted on northern

YVONNE. These findings are encourag-
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ing since they show that the atmosphere
of the Atoll, in general, is not influenced
by the burden of radioactivity present in
the soils.

Air-sampling data taken during the
survey may be unrepresentative of air
levels under actual living conditions
since they were obtained on uninhabited
islands. A high level of human activity
can be expected to alter the levels of re-
suspended activity, particulariy near the
individuals who create the disturbances

of the soil surface. Such circumstances

e Use measured soil concentrations and

published resuspension factors.

A considerable amount of information
has been reported on resuspension fac-
tors, e.g., the ratio of air concentration
expressed as activity per unit volume, t0
soil concentration expressed as activity
per unit area {see Appendix A of this
Chapter)., Resuspension factors, so cal”

culated, show a wide range of variation,

setline

..A.‘#'L .

i

|
4

«hu

by

ultl

sl

fac

re



e

rate in
exposcd

osphere
nfluenced

‘esent in

1g the

of air
ions
habited
activity
ls of re-
near the
‘bances
1stances

ring the

.ions and
‘S.
yrmation
on fac-
entration
slume, to
activity
this

so cal-

riation,

ponstrating that soil-atmosphere dis-
(pbutons depend upon complex relation-
hips not accounted for very accurately
v bulk measurement of activity per

it area in sotl,

s Lise measured soil concentrations and

estimates of maximum dust loading

The problems of using resuspension
iaetors derived from data on radiovactivity
are circumvented by an approach which
uses measurements of the amounts of
dust in the nonurban atmosphere, The
origin of the dust loading of the nonurban
atmosphere is assumed to be from soil
and to consist of particles in the respirable
range of particle size (for vur calcula-
tions we assume a mean particle of
0.4 um aerodynamic diameter). An
additional assumption is required, namely
that radioactivity in the soil will behave
similarly to the resuspendable soil sur-
face, This set of assumptions allows one
to predict the ambient levels of radio-
activity in air, knowing the concentration
of radioactivity in the soil and the amount
of soil in air:

Ca = CS . La‘ (1)

In Eq.' (1), the air concentration (Ca)
in pCi/mS, equals the concentration in
soil, (C_) in pCi/g, times the concentra-
tion of dhust in the atmosphere (La) in
g/m®,

Estimation of dosage, Dt, as a function
of soil levels can be made by combining

dose conversion factors, R, with Eq. (1),

tl
yielding:

D =C_.L_.R,. (2)

Using Eq. (2) to predict dosages

requires:

& Knuwledge of the activity in soil
(C:) in pCi/g.

L] Knvowledge of the dust loading in the
atmosphere (L ) in g/ m3.

® Dose conversioun.i'actors (Rt) in
rems per pCi/mS, for cumulative
dose to organs of the body through
the inhalation pathway for t = 5, 10,
30, 50, and 70 vr of continuous

exposure,.

Plutonium in Enewetak Soils

The soil-sampling program provides
information on the plutonium activity in
the top 15 em of soil on each island and,
to a somewhat lesser extent, measure-
ments of the vertical distribution of activity.
Soil-profile data indicate that soil concen-
trations decrease with depth, although
there are exceptions to this generalization,
Two sets of soil-concentration data will
be used in the inhalation-pathway evalua-
tion (see Table 146),

top 2 cm of soil will be used to calculate

The activity in the

dosages for conditions of the "'unmodified"
environment. [t is expected that this
environment will not exist to a large ex-
tent in the rehabilitated Atoll, but will
exist in the transition period between
now and the time when construction and
agricultural rehabilitation is completed.
At that time, much of the land will have
been turned over by plowing, and large
areas will be covered with buildings,
coral, and cultivated vegetation. Under
these conditions, it is expected that the
soil surface radioactivity will be no
greater than the average found now in the

top 15 cm of soil. The median values for

23gPu in soil are considered to be repre-
This evalua-

tion is based on the survey data for 239Pu

sentative of this latter case.
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239, 240

Table 146, Pu in Enewetak soils, pCi/g. .
In top 15 cm In top 2 cm\
Island Median Range Median Range No% rh
ALICE 12 3.9-68 56 3.9-105 5
BELLE -- - 96 12-230 5
Dense 26 7.2-130 -- ———- --
Sparse 11 5.8-26 -~ ---- --
CLARA 22 3.8-88 40 11-80 4
DAISY -- -—-- 50 3-180
Dense 41 22-98 -- -—-- --
Sparse 15 3.8-33 -~ N -
EDNA 18 13-24 18 -- 1
IRENE 11 2.4-280 13 2.3-43 21
JANET 8.5 0.08-170 21 2.8-100 14
KATE -- -——- 28 1.8-62 3
Dense 17 8.6-50 -~ -———- --
Sparse 2.3 0.17-14 -- -—-- --
LUCyYy 7.7 2.4-22 34 8.0-49 5
MARY 8.0 2.0-35 18 2.0-26 3
NANCY 9.1 2.3-28 23 8.6-35 4
PERCY 3.5 1.5-23 11 5.5-16 2
OLIVE -- -—-- 54 2.8-87 4
Dense 7.7 2.2-30 -- - --
Sparse 2.8 1.9-4.1 -- -——- --
PEARL -- -—-- 70 4.0-400 7
Hot spot 51 15-530 -- ---- --
Remainder 11 0.85-100 -- ---- --
RUBY 7.3 3.0-24 2.7 -——— 1
SALLY 4.3 0.21-130 18 1.7-62 11
TILDA -- ---- 5.8 2.0-16 4
Dense 7.6 1.4-17 -- -—- --
Sparse 2.5 1.1-34 -- -———- --
URSULA 1.3 0.26-7.3 1.5 0.6-2.7 3
VERA 2.5 0.60-25 22 1.5-35
WILMA 1.1 0.1-5.3 3.3 1.2-7.0 4
Southern
YVONNE 3.2 0.02-50 10 0.24-32 5
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Table 146 ( continued).

In top 15 cm

1sland Median Range
sle s
\vorthern
’beaches 2.7 0.34-18
pAVID, ELMER,

FRED 0.04 0.004-0.31
LEROY 0.63 0.02-2.0
All other

southern islands 0. 07 0.004-1 1

In top 2 cm

Median Range No. of samples
0.12 0.01-0.90 17
1.7 1.1-2.6
0.12 0.01-0.45 22

2nd 240Pu together, The small contribu-

238 241

tion from Pu and Pu could not

influence the results of the evaluation.

Predicting the Atmospheric Levels
of Plutonium

It is important to provide an evaluation
which considers, as far as is possible,
the potential for exposure to a returned
population which accounts for the popula-
tion distribution on the Atoll and the
patterns of living. Under conditions of
habitation, large areas of soil surface
will become stabilized by cultivated vege-
tation, coral layering in the village areas,
and by buildings. These activities will
tend to reduce the possibility for resus-
pension of soil particles. However, human
activities such as construction, earth
moving, agricultural activities, and
children playing, tend to stir up dust.
Exposure levels to individuals will depend

on such local sources.

Population exposure levels due to
plutonium via the inhalation pathway have
been developed on the basis of a model of
dust loading. Details of the model used
are discussed in Appendix A of this chap-

ter, The assumptions made, and the

values for all parameters used, are
chosen to be as realistic as possible but
to contain an element of caution so as not
to underestimate possible effects.

As shown in Appendix A, arithmetic
mean values for dust loading for nonurban
U. S. locations range from 9 to 79 ug/m?’;
the average of all locations is 38 ug/ms.
For urban Honolulu, Hawaii the arith-
metic mean mass loading is 35 ug/ms.

It seems reasonable to assume that
ambient levels at Enewetak, away from
sources of soil disturbance, are similar
to these values for nonurban locations.

Therefore, a value of 40 ug/m3 is
taken to represent the ambient dust load-
ing in Enewetak air under 'quiet'' atmos-
pheric conditions, assumed to be approxi-
mately 60% of the time. For 35% of the
time, levels are assumed to be as high
as 80 ug/ m3 close to an active population,
Finally, to account for extremely dusty
conditions, due either to high winds or
artificial agitation of the soil, levels as
high as 10 times the ambient, or 400 ug/m?
are assured to apply 5% of the time.

With these arguments one can derive a
time-weighted value for dust loading:
40(0. 6) + 80(0. 35) + 400(0, 05) = 72 ug/m°.
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[t iz instructive to examine how high a
value could be obtained to gain perspective
on the sensitivity of the result to each
component. The latter two components
are components which might change with
individuals who spend a good deal of time
in dusty atmospheres as a result of their
~ This individual

might spend 30% of the time in an atmos-

occupation or habits,

phere three times the ambient, and 10%
of the time in an atmosphere ten times
the ambient, This person would experi-
ence an average atmosphere containing
100 g/ m> of particles in air of soil
origin. We will use this figure for com-

puting the expected population dosages.

Predicting Inhalation Exposure from
Atmospheric Levels

Prediction of inhalation dosages has
been carried out using dose conversion
factors derived by Bennett™ from calcula-
tions using the ICRP lung dynamics model,
These factors are calculated for a class-y
particle, 0.4 um, and low in solubility.
Bennett has found that 239Pu distributions
in the U.S. population are most closely
explained by the lung dynamics model

using the characteristics of the class-y

Dose conversion factors useq i, thi
) s
evaluation are developed for congj
3 L2 fluouy
exposure to 1 pCi/m~ of Pu in surf
dce

air. The factors are in units of Cumy)
> a-

tive rems to the lung, liver, ang bone
rat

the end of 5, 10, 30, 50, and 70 yr of

exposure (see Table 147),°

Dose LEstimates

Using the soil data of Table 146, the
dose conversion factors of Table 147, ang
an average dust loading of 100 ug/ms'
cumulative dose estimates for each of
the six living patterns of Table 135 have
been made for the lung (Table 148), liver
(Table 149), and bone (Table 150). {p the
living pattern analysis, it is assumed
that the population spends 60% of the time
on the island of residence, 20% on other
islands in food gathering and agriculture,
and 20% in the beach areas of the Atoll
and on the water for fishing purposes,
Weighted 239’240Pu concentrations in
soil were developed for each living pattern
for both the "modified' and "unmodified"
environment, For the "unmodified" en-
vironment, the 0-2 c¢m concentrations of

239,240
’ The "modified"

Pu were used,.
“*B. Bennett, Fallout Plutonium-239 Dose
to Man, Fallout Program Quarterly

particles, Summary Report, HASL-278, Health and
Safety Laboratory, U,S. Atomic Energy
Commission, New York (1974)

Table 147. Cumulative dose to the organs from continuous inhalation of

1 pCifm® of 239py in air.
Dose, rem, after

Organ 5 yr 10 yr 30 yr 0yr

Lung 8.6 22.0 76 130

Liver 0.4 2.4 33 93

Bone 0.6 4.2 61 180
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Cumulative rems to organs from

environment is represented by the 0-15 cm
soil data, on the assumption that use of
the land will result in a "turnover'' of
soil,

The southern islands are characterized

by uniformly low levels of plutonium in

ik Aae ~rmae T
SucCi a4s c¢ase i,

soil, J._,l.vulg patterns,
which involve a pred minant use of the

om
southern part of the Atoll, can be expected

um via inhalation. Highest dosages
were computed for unmodified conditions
attern IV,

which is an upper-

limit case of living on BELLE in the
northwest portion of the Atoll. For this
living pattern, modifications which homog-

enize the topsoil would result in reducing

10 pCi/g in the top 15 cm of soil,

Pu via inhalation pathway,

p—t

1

o
Ja
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n
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exposures by a factor of five,

The range of plutonium concentrations
in soil in the northern half of the Atoll is
with levels of the order of 1 to

10 to

large,

pCi/g in the top 2 cm of soil, and iso-
0 pCi/g. The
gh values does
constitute a separate,

dition with regard to evaluation of

population dosage

incorporated into

therefore accounted for in the calculations
of dose. The only conditions of potential
significance, unaccounted for in the evalua-

tion, would be those conditions which
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Table 149. Cumulztive rems to organs from
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time-weight the activities and residence
of people toward areas of elevated pluto-
nium in soil. Thus, if a large portion of
the population spends a large fraction of
the time in the specific areas of elevated
levels of plutonium in soil, population
dosages would be increased. These fac-
tors should be considered in examining
the need for remedial actions, such as
soil removal., An extreme example, the
hypothetical occupation of the area on
DAISY with up to 500 pCi/g, can be used
for perspective. Under these maximum,
hypothetical conditions, use of this area
might lead to dosages of the order of 4
rems to the lungs in 30 yr of exposure,

and a similar dosage to the bone.
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YVONNE is a unique island with respect
to plutonium contamination, in particular
the northern part of the island (see the
chapter on terrestrial soil and radiation
survey for a description of the distribu-
This part of
the Atoll has the highest plutonium levels

tion of plutonium in soils).

observed in the survey, and was the only
area in which positive identification of
resuspended plutonium was made in the
air-sampling program. YVONNE is
characterized by a nonuniformity of con~
tamination, a large inventory of plutonium:
and the existence of pure particles of
Unrestricted land us€

of YVONNE, without remedial action,

plutonium metal,

would produce the highest potential for

i

3



rable 150. Cumulative rems to organs from

o .

e R - - - - - -

in
'

,
4

population dosages from plutonium. The
level of radiological significance, however,
depends upon land-use plans as well as
radionuclide inventory.

Bringing the radiological significance
of YVONNE into line with the rest of the
Atoll will require either restriction
against habitation of the island, or re-
moval of large amounts of contaminated
soil,

In summary, the levels of plutonium
observed in soils of the Atoll, excluding
YVONNE, can be expected to lead to long-
term, average air concentrations of pluto-
Nium which are the order of a millionth
Up to a thousandth of the MPC.. These

estimates have been made with such

Pu via inhalation pathway, bone.

assumptions that it is very doubtful that
they could be underestimates of the poten-
tial population dosages. Population
dosages derived from YVONNE would
probably exceed ICRP guidelines if this
island is used for habitation without

prior soil removal,

Appendix A
Relationship Between Resuspended
Plutonium in Air and Plutonium in Soil

L. R. Anspaugh
Lawrence Livermore Laboratory
Livermore, California

There are no general models that may
be used with confidence to predict the
resuspended air activity in the vicinity of

an area contaminated with plutonium,
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However, two approximate methods may
be used — the resuspension factor ap-
proach and an argument based upon
ambient air particulate concentrations,
with the assumption that the particulates
are derived from the contaminated sur-
face. The former method has been fre-
quently used, but almost always in the
context of a fresh surface deposit. The
latter method is inappropriate to the
fresh deposit situation, but should be
reasonably valid after enough time has
elapsed for the surface-deposited mater-
ial to become fairly well mixed with a

few centimeters of the soil surface.

Resuspension Factor Approach

The resuspension factor, K, is defined

as

g - Alr concentration (Ci/ms)
Surface deposition (Ci/m?2)’

and thus has units of m-l. It is almost -
always implied that both measurements
are made at the same location. The diffi-
culties with this approach are fairly
obvious — no allowance is made for the
geometrical configuration of the source,
the particle-size distributions of the con-
taminant and the soil surface, vegetation
cover, etc, Stewart1 and M'Lshima2
have tabulated values of K from many
experiments including those involving
laboratory floors as well as native soils.
As would be expected, the tabulated
values cover an enormous range and vary

from 1072 to 10-13/m. Most of the high

values, however, are derived from experi-

ments with laboratory floor surfaces and/

or with artificial disturbance.

For outdoor situations, Stewart1 sug-
gests as a guide for planning purposes
that a value for K of 10-6/m be used

"under quiescent conditions, or af,.,
administrative control has been estab;
- 1S he

. . . '
in the case of an accident, A value (f

10-3/m is suggested under conditions (g
A )

moderate activity. Stewart States, hoyw-
ever, that exceptionally higher valueg
(mean of 10—5/m) were observed during
the Hurricane Trial (Monte Bello Islandy)
and credited this to the nature of the
small islands exposed to sea breezes,
Values approaching 10-3/m when dust 4
raised by pedestrians and vehicles ay¢
also reported by Stewart.

Kathren3 has also considered the re-
suspension factor approach and has
recommended the use of 10-4/m as a
conservative but appropriate value for
setting standards for PuO2 surface con-
tamination,

Langham4' S has suggested that a
value of 10_6/m is a reasonable average
value to use in estimating the potential
hazard of occupancy of a plutonium-
contaminated area, At the same time,

however, Langham notes that many

5

measured values lie in the range of 10
to 10-7/m and reports that his own
measurements in 1956 produced a valuc
of 7X 1077/ m.

These recommended values, however,
are all intended for application during the
time period immediately following deposi~
tion, Numerous studiesl’ >-8 have shown :
that air concentrations of resuspended '
materials decrease with time, With the
assumption that this decrease can be
represented by a single exponential func~
tion, half-times of 35 to 70 days have
been reporteds’ 7, 8. This decrease in
air activity is not explainable by the
relatively minor loss of material from

the initial site of depositionl’ 6, but is
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sresumably caused by the migration of
;he initial surface-deposited material
into the sotil,

Attempts to use the resuspension
factor approach to derive acceptable
tevels of soil surface contamination have
included this "'attenuation factor' as a
simple exponential function with half-

3,4 There are

times of 35 or 45 days
major uncertainties in such a formulation,
nowever. The longest study of this de-
crease with time extended to only 1! mo
following the initial depositiong, which
is extremely short compared to the half-
life of a radionuclide such as 239Pu.
There are also published reports which
indicate on experimental and theoretical
bases that the decrease with time will
not be adequately represented by a single
exponential function, but that the rate of
decrease itself will also decrease with

time1

»

Fortunately, the exact nature
of this time dependence is not critical in
determining the integrated exposure from
the time of initial deposition due to the
fairly well-documented rapid decrease at
early times. However, it is obviously
the controlling factor for questions con-
cerning the reoccupation of areas many
years after the contaminating event.

As an illustration, the most conserva-
tive published model (Kathren®) may be
used to calculate a resuspension rate for

material 15 yr after deposition:

K - 1074 -0.693 X 15y X 365d
" Tm ¥ 45d y
~ 10 %/ m,

If, however, the resuspension rate
asymptotically approached some finite
value 10_6 of the original, then the resus-

Pension rate 15 yr later would obviously

be 10 1O/m. However, the total inte-
grated air activity (from t = 0 to «} for

2
“39Pu would be changed only by

o o]
A X 10'4f exp (- 0.693t/45d) dt
O

10

+~AX 10 exp (- 0.693t/24, 400y) dt

0

S 6.5AX 100 +1.3AX10°°,

which is an increase of 20%, and more
importantly, cannot be accumulated dur-
ing an individual' s life span,

Because the functional nature of the
decrease in resuspension rate with time
cannot be confidently extrapolated, pre-
viously published models should not be
applied to the reoccupation of areas many
years after the contaminating event,

The resuspension-factor approach can
be applied in an approximate way, how-
ever, if resuspension factors are used
which were derived from measurements
over aged sources. Perhaps the most
relevant data are unpublished results
from current resuspension experiments
at the GMX site in Area 5 of the Nevada
Test Site, The 239Pu at this location
was deposited following 22 high-explosive
detonations during the period from
December 1954 to February 1956,
Measurements of resuspended air activity
levels at this site during 1971-1973
appear to be the only available data con-

239Pu from a

cerning resuspension of
source of this age,

Data from two types of measurements
are available and can be used to derive
The first

type of measurement9 was accomplished

average resuspension factors.

by placing five high-volume cascade
impactors™ within the most highly con-

taminated area, and running them for
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36 days, from July 7 to August 12, 1872,
The collected 239, 24OPu activity was
distributed lognormally with particle
size with an activity median aerodynamic
diameter (AMAD) of 3.0 um and a geo-
The
Pu concentration varied from
1.0x 10 ¥ t0 3.9 x 107 1%

with an average of 2.3 X 10

metric standard deviation of 8. 2.
239, 240
pCi/cmS,

14 uCi‘/cm3
for the five samplers. At the present
time only limited data are available re-
garding the soil activity in the area,
Four soil samples of depth 0-3 cm from
approximately the same location have
been analyzed with results11 of 2060 to
3550 dpm/g, with a mean of 2700 dpm/g.
Profile data from other locations at the
same general site indicate that about 90%
of the total deposition is contained within
the top 2.5 cm of the soillz. Measure-

ments of soil density in the area average

1.8 g/ em? The resuspension factor
is therefore
2.3x10 "% uci, g em®
cm? 2700 dpm " 1.8 g
0.9 _10% cm . 2.22x10% dpm
X X X -
3 cm m uCi
-3%x10 % m.

Additional air samples were taken by
the Reynolds Electrical and Engineering
Co. (REECo) on the edge of the contamin-
ated area during the period of February
1971 to July 1972, with a sampling time
of approximately 48 hr13 Measurements
were made at four locations, but the
most pertinent is the one which was most
frequently in the direction of strong winds
from the strongly contaminated area and
where the highest air activities were
recorded, Here, 254 individual air-

filter samples were collected and detec-
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239, ag

concentrations ranged from 3, 5 X 10‘17
-13 . 3

to 6.3 X 10 uCi/em”, with arithmeti,

and geometric means of 6.6 X 19719

7.0%x 10 16

table results reported for 236,

3 and
pCi/cm®, respectively, Re.

sults for four soil samples taken from
approximately the same location range
from 128 to 202 dpm/g, with a mean of
160 dpm/gll.

mean is a better representation of averag
¢

Because the arithmetjc

lung exposure, it is used to derive 3 pe-

suspension factor at this site:
-15

6.6 X 10 uCi g ., Cm
cmo X 160 dpm X 1.8 ¢
2 6
« 0.9 (10% em  2.22 X 10° dpm
3 cm m uCl
-2%x10 % m.

This value is nearly an order of magni-
tude higher than the one previously calcu-
lated, and reflects some of the inherent
difficulties in the resuspension-factor
approach, i,e., that no allowance is made
for the geometrical configuration of the
source and that higher ground activities
may be present upwind.

It is obvious that this approach is sub-
ject to major uncertainties, but does

serve as an order-of-magnitude indication

of the resuspended air activities that may

arise from a 239, 240

Pu contaminated
area which has weathered for 15 to 20 yr.
The data discussed above also demonstrate
unequivocally that resuspension of

239, 240Pu does in fact occur from such
aged deposits and at levels many orders

of magnitude higher than would be ex-
pected if the often noted decrease with
time were represented by a single exponen-
tial function with a half-time of 35 to 70

days.
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\lass- Loading Approach

The other approximate prediction
~othod is based upon measured or
'r;s.umed levels of particulate matter in
i_mbiem air with the assumption that this
:naterial is derived from the contaminated
;Oll. For fresh deposits this approach is
sot valid because the freshly deposited
iebris is much more likely to be resus-
sended than the remainder of the
;‘\veathered soil surface. After many
-ears of weathering since the initial
;ieposition, however, the contaminating
material should be reasonably well mixed
with a centimeter or two of soil, such
that the contaminant activity per gram of
airborne particulate should approximate
that in the upper soil. However, a niajor
difficulty could arise if, for example,
239, 24OPu were preferentially associated
with the smaller particle sizes more
likely to become airborne, For the
Nevada Test Site, such is not the case as
determined by soil analyses14 and by the
high-volume cascade impactor study.

The latter study found an AMAD of 3.0 um
for 239, 240

i

Pu, whereas the total mass

median aerodynamic diameter was 1.7 um,

The specific activity of the material coi-

lected on each stage can also be examined
for a preferential association of plutonium
with particle size. Average data from all

five samplers are:

Size, um 239, 240Pu, dpm/ g
>7 950

3.3to 7 700

2.0to 3.3 1030

1.1to 2.0 1300

0.01tol.1 480

All stages 890

(Soil) (2700)

Although there is considerable spread
in these data, there is no indication of a
preferential association of 239, 24tOPu
with a particular particle size; as would
be expected as a result of dilution by inert
aerosol, the specific activity is lower
than that of the soil.

If we assume that this is generally
true, a general and conservative method
of predicting resuspended air concentra-
tions of contaminants would be to simply
multiply the amkbient air mass loading by
the contaminant concentration in soil. A
factor of some uncertainty for a specific
calculation is what value to use for the
ambient air mass loading in the absence
of specific data. This becomes even
more uncertain because of the possibility
that the people involved may be highly
correlated with the source in the sense
that children playing in sand, adults cul-
tivating crops, etc., may generate their
own 'ambient air' which contains much
more mass than would be recorded by a
remote stationary sampler,

The lower and upper bounds of ambient
air mass loading can be fixed rather
easily for any site. There has been con-
siderable interest in establishing a
"background level "' of mass loading, and
this is generally believed to be about
10 ug/ m3 (15).

established in a reasonable way by the

The upper bound can be

levels found in mine atmospheres which
have led to a considerable prevalence of
pneumoconiosis in the affected workers16
Examination of these data indicate that
current standards for occupational dust
exposure (~1-10 mg/m3) have a very
small, or perhaps no margin of safety,
such that a reasonable upper bound can

17

be taken as 1 mg/ms. British data
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indicate that if the general public were

exposed to dust levels in excess of
3
! mg/m", the public health problem from

the dust zlone might be enorm

easonableness of the upper limit value
which indicate that nonurban ambient air

mass concentrations this high are usually

Measurements of ambient air mass
loading can be used to further define a
reasonable estimate for predictive pur-
The National Air Surveillance
Network (NASN) has reported suchresults

20
Data for 1966 show

poses,

for several years.
that there were 217 urban and 30 nonurban
stations reporting, 'The annual arithmetic
average for the urban stations ranged

from 33 (St. urg, Florida

to
254 ;ug/m3 Ohio), with a

mean arithmetic average for all 21

| o PP IS
reierso

~

Steubenville,

average for all 30 stations of 38 ug/m

No data in this report are available for

nonurban locations on small islands simi-

lar to the Enewetak group; perhaps the

closest analog is the urban station at
Honolulu, Hawaii, which had an annual
arithmetic average of 35 #g/mB.

More pertinent, but limited, data have
recently been published for the island of

21, 22

Hawail Data are given for three

locations: Mauna Loa Observatory

located at a height of 3400 m, Cape

Kumukahi, and the city of Hilo, NASN

- Hilo {for an unspecified period)

are given as 18 ug/mB, and nephelometer

. 3
measurements varied from 18 ug/m

during the day to 26 ug/ m3 at night, ,,

@]

ape Kumukahi the nephelometer Mes
Sy

- Q9 /MS T 1 U re.
Ty & F‘S/ Iy, 4 1 gr eate%t amou

ot

of cata is available for Mauna [0 Obse
P\h-

torv. Here, the NASN measurement wa
8§

3 uo/m
S Mg/Mm , ana tne n

€ SGr measure-
at night tq
Additiona]

measurements made by the US

ments varied from 1.7 ug/m
Q
6.5 ug/m” during the day,
SAEC Heaity
and Safety Laboratory (HASL) were
c3 . .
3 ug/m”, It is of interest in the present

. 2
context that Simpson 2 made the followin

ving
comment concerning the HASL measure.m
ments: ""The HASL filter samples contaig
substantial dust (3-5 ug/m3 of air samplegy)
because of the fact that the filter was
located less than one meter above the
ground surface near areas with substantia]
personnel activity at the observatory site, "
while this method of measurement
may not have coincided with Simpson! s

interest, it does indicate that ambient

such remote islands even when consider-
able human activity is occurring nearby.
On the basis of the above data, it

would appear reasonable to use a value of
100 ug/m3 as an average ambient air
mass loading for predictive purposes
Indications are that this value should be
quite conservative for the Enewetak
Islands, and therefore allows room for
the uncertainty involved because the people
themselves may generate a significant
Therefore,

they may be exposed to higher particulatc

fraction of the total aerosol.

concentrations than would be measured by
a stationary sampler,

Supporting evidence that 100 ug/m3 is
a reasonable value to use for predictive
purposes is provided by the National

Ambient Air Quality Standards®®. Here
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V. ..that portion

smbient air is detined as
of the atmosphere, external to buildings,
o which the general public has access. "
The primary ambient air standards define
mevels which, .. are necessary, with an
adequate margin of safety, to protect the

1t

public health. "' The secondary standards

gefine 'levels which. .. (are)...necessarv
to protect the public welfare from any
wnown or anticipated adverse effects o1 a
pollutant. "' These standards for particu-
late matter are given below:

National ambient air quality stangiards
for particulate matter, ug/m-.

Annual Max. 24-hr caxcentration
geometric not to he exceeded more
" mean than once a year
Primary:

75 260
Secondary:

60 150
Table 151.

several years.

Data to support these standards in terms
of health effects, visibility restrictions,
etc. have been provided24.

An arithmetic mean would be more
desirable for predictive purposes. Data
from 196620 for nonurban locations indi-
cate that the annual arithmetic mean is
(on the average) 1207 of the annual

geometric mean.

Representative Calculations

Because one of the primary objects is
to derive an acceptable soil level for the
Enewetak Islands, the approaches devel-
oped above were used to derive such
levels for both soluble and insoluble
239Pu. The derived values are given in
Table 151, The two methods agree within
a factor of two, at least for soil distribu-
tions like those found at the Nevada Test

Site, The ambient air mass loading at

Acceptable soil levels of 239Pu for a source which has weathered for
Values are approximate and are subject to uncertainty.

Permissible Concentration in Air tor 168-hr occupational exposure

(MPC,)25-

d

Acceptable air concentration, ;JCi/cm3

Resuspension-factor approach

Assumed resuspension factor, m”!
. . 2
Acceptable soil depos1t10na, uCi/m

Acceptable soil concentrationb, nCi/g

Mass-loading approach

Assumed mass loading, ug/m3

Acceptable soil concentration, nCi/g

Insoluble Soluble
10712 6% 10”14
1079 1079
103 60
20 1
102 102
10 0.6

4 .
a‘k:?quivatlent to approximately 10~ ug of insoluble 239Pu/mz.

. 23
Assumes same distribution of
the Nevada Test Site.

9Pu with depth and soil density as measured at
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NTS during the cascade impactor run was
measured to be 70 ug/ms.
Such derived values must, of course,
be used with a great deal of discretion,
They are based on simple model systems
which are believed to be generally con-
servative, but individual situations can be
imagined which could exceed the predic~

tions.

Other Considerations

The above calculations relate only to

the resuspended air activity in ambient

air, znd do not consider the additiong

problems of resuspension of Mmaterig)
from contaminated clothing or the resyg
pension of material which has been trang
ferred to homes.

Healy26 has considered these apg
other problems, and has provided tableg
of ""decision levels" for surface contamin,
tion levels and home transfer leveis, A
decizion level is based upon Nationa]
Council on Radiation Protection ang
Measurements (NCRP) recommended

dose limitations., Because the derivationg

Table 152. Decision levels 26 for soluble 239Pu, and their equivalent in soil mass
based upon the "acceptable soil concentration' from Table 151,
Pathway Decision level Mass equivalent

A. Direct personal contamination

Direct inhalation® 2% 107° nCi/cm2 1x107° g/c:m2
Direct ingestionb 0.2 nCi/cm2 0.2 g/cm2
Skin absorption® 8x 1074 4ci 0.8 ¢
B. Transfer (to homes) levels

. d
Resuspension 0.01 uCi/day 10 g/day
Direct inhalation 0.01 uCi/day 10 g/day
Direct ingestion 100 uCi/day 10° g/day
Skin absorption 0.03 uCi/day 30 g/day

a . . .
"The contamination level on clothing and skin that could resuit in inhalation of air

at the MPC for the public. 126

Purpe contammatlon level on skin or clothing

quantity of radioactive material equivalent to the ingestion of water at the MPC

for an individual in the public. n26

C''"The total quantity of radioactive material maintained on the skin for 24 h/day that
could result in absorption of a quantity equal to that which would be absorbed from
for "soluble"

the GI tract if water at the MPC

public were ingested. n26

diThe amount transferred per day that could result in air concentrations due to

resuspension in a medium-sized home avera

the public. " n26
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are rather tenuous, Healy has used the
phrase decision level and states that its
gse is to serve as a signal that further
careful investigation is warranted.

Healv' s decision levels for soluble
239Pu are given in column 1 of Table 152,
The values in column 2 are derived from
these and an acceptable soil concentration
of 1 nCi’g from Table 151 to give equiva-
lent dirt (soil) contamination and transtfer
levels. The results are interpreted as

indicating that the potential exists for

-523-

greater dose contributions from these in-
frequently considered pathwavs than from
the usually considered pathway of resus-
pension as calculated for ambient air,
This conclusion would be the same for

2
insoluble “39P

u. Therefore, if dose
calculations based oh the usual resus-
pension pathway should appear limiting
compared to other pathways such as food-
chain transfer, these pathways considered
by Healv need to be carefully evaluated

for the specific Enewetak situation,
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Dose Estimates for the Marine Food
Chain

W. L. Robison
Lawrence Livermore Laboratory
Livermore, California

Introduction

This analysis is designed to estimate
the dose via the marine pathway. The
dose assessment is based upon the mar-
ine diet discussed in the chapter on

dietary and living patterns (Table 139).

Data Bank

The data bank contains analytical
results from slightly over 800 fish and
approximately 50 edible invertebrates
collected during the 1972 Enewetak sur-
vey (for a detailed description see the
marine survey chapter). Data from the
analysis of the radionuclide concentration
in fish muscle have been summarized in
several different ways to help in the inter-
pretation and the assessment of the values
to be used in the dose code, Figure 118
indicates the various forms of the summar-
ized data.

Table 153 lists the average radionuclide
concentration — with concentrations for a
nondetected nuclide set equal to the detec-
tion limit in column 4 and concentrations
for nondetected nuclides set equal to zero
in column 7 — for each species for
samples collected at each island and in
the open lagoon., Table 154 (on microfiche) !
presents the summary of the average
radionuclide concentration for each species
for the entire Atoll, regardless of loca-

tion, The nuclides are identified by the

"Because of the sheer bulk of the data,
Tables 153-155 and 157 have been repro-
duced on microfiche film and may be
found in the envelope mounted on p. 527.

- |

sequence of numbers in the nuclige Colupg,
The first two digits give the atomic gy,
and the last three digits give the isotop,
mass number; therefore 55137 ig 137(\5
The tables also include the tissue, the
number of samples in the average, the
range of individual values, and, because
of the skewed distribution observed jp
this survey and observed for trace eje-
ments and radionuclides in other popyl;-
tionsl—B, the lognormal median for
comparison with the average value,

The reef fishes are the most plentifuj
around the Atoll and are the easiest (o
catch, Therefore they make up a con-
siderable portion of the fresh fish intake
in the diet. The most plentiful reef
fishes, and also three of the preferred

fish in the diet, are surgeonfish, goatfish,

Marine survey data
Concentration in
pCi/g for nuclides

Average by species

Average by species
by island

for entire Atoll

Average by four Average by four main
main fish groups |+ fish groups for
by island entire Atoll

Average for all fish

Average for all
for entire Atoll

fish by island

sl

Value used in dose
code for dose
assessment via the
marine pathway

Fig. 118. Summaries of marine
concentration data.

-526-




-

+ o et Ak - ot bl o e b

Tables 153, 154, 155, and 157.
Radionuclide concentration in fish muscle.
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A

.i mullet. Other reef fish are eaten

J, are not as plentiful. In addition, the
rger pelagic, predator fish are eaten,
.t they are harder to catch and therefore
;uppl}’ much less of the fish diet than the
-cef fishes. Tridacna clams also consti-
;ute a small portion of the diet. They are
-onsidered a delicacy, are not available
. large quantity, and are usually eaten
.aw at the time of catch. Lingusta
ilobster) are also considered a delicacy
-yt contribute a very small portion of the
narine diet,

Therefore the next summary presents
:ne average radionuclide concentration of
our main fish groups — surgeonfish,
goatfish, mullet and "other'— where
"other'' includes all species other than
the three mentioned, including the tri-
dacna clams and lingusta. The summary
is shown in Table 155 (on microfiche) and
is island specific.

Table 156, incorporated in the text,
lists the average concentration of the
radionuclides in the four fish groups for
the entire Atoll., The number of samples
in the average concentration, the standard
deviation, and the high and low of the
range are all given. The plot of the con-
centration of 137Cs, 6OCo, and 9OSr, the
three main isotopes found in fish muscle,
for the four fish groups is shown in
Fig, 119, The standard deviations for
each of the four fish groups were a fac-
tor of 2 to 3 times greater than the dif-
ference between the range of the mean
values, There was therefore no statisti-
Cally significant difference in the mean
values of the four groups; however, the
Kruskal-Wallis nonparametric test did
indicate a difference in the total distribu-
tion for 8%Co and 90Sr.

Concentration — pCi /g

2.0} —

1.2 +— —
0.8 ]
- ]37C$ -
[ ]
A
0.4 _/ —
- a
- A -
90, 4
a &
oL ! | {
s & 5 @
S g < <
2 o o o)
< S %

Fig. 119. Average concentration of

137Cs, 6OCo, and 9OSr for
the four fish groups for the
entire Atoll.

Because there were no statistically
significant differences between mean
values for the four major fish categories,
the radionuclide concentration was aver-
aged by island for all fish, These results
are given in Table 157 (on microfiche),
Figures 120-122 show a plot of the 137Cs,
60Co, and 9

tration in all fish as a function of island

0 -
Sr average nuclide concen-

location,

There appears to be a higher concen-
tration of the three radionuclides in fish
from ALICE through IRENE than from
islands JANET through LEROY. Although
individual samples from islands JANET
through LEROY had concentrations in the
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Table 156a. Summary of radionuclide concentrations for the entire Atoll for mullet.

NUCLIDE TISSUE
40 K MUSCLE
55 g [USCLE
60 CO MUSCLE
90 SR "MUSCLE
106 RU MUSCLE
102 RH MUSCLE
125 SB  IMJSCLE
137 ¢S MUSCLE
133 BA [WSCLE
144 CE IMUSCLE
152 EU [I"MJSCLE
155 EU MISCLE

207 BI tMUSCLE

235 U MUSCLE

239,240 PU TMUSCLE

238 PU [I'USCLE

241 AM WSCLE
FAVERAGE

-0€S-

ND. OF AVYERAGE
SAMPLES PC1-GRAM*:
26 2. 141E+00
26 2L.022E+00
27 1.9320E+B0D
25 21 1E-02
21 v.SR1E~01
27 0L I9NE-02
27 2 E2DE-N1
27 3.2498E-01
13 1. IeVE-GL
1 2LAVTE-O1
27 TLESAE-02
27 1.092E-01
27 GLAZE-R2
25 5. G9ASE-O2
25 qLA4DE-NL
13 TLASSE~(1]
A S2AE-2

(IF NOMN-DETECTED.
HHAYERAGE (1F NOM-DETECTED.

R

COHCEHTRAT IOM
CONCENTRATIL

STANDARD
DEVIATION

LESTEHDD

L1 14E+E]
L 1Z2E+DD

CTE-131
LAIRE-D2

EOURERIN G EN J  I SREY Rae i o S sl N BV O SY R U

CiH

FANGE PLI/GRAM AYERAGE
H16GH LW FOT L
| . ESEE+A] 2. 952E+0 &

| 1RAE+BZ S.5B86E-01 g

2. 129E+01 1 !

z pd1E-01 3 g

| ZTIE+00 2 .

3. 729E-01 z a.

L AAEE+DD h CLTEEES
2. BA4E +R0 z. Z.TSAE-]
4. 17RE-D] = .

S ETTE-G] k o,

. ' .

1.f N i,

> 1.

l. o

2. a.

. 0.

FLI-GRAM

SET EOURL TO DETEC TIOM LINTTe MO Lakei
SET EMUAL TO ZERDY

Table 156b. Summary of radionuclide concentrations for the entire Atoll for surgeon.

LOGHORMAL

+ MED IR PO TN

AT |

o

Suliugly

Je—nint

MO. OF AVERAGE STANDARD RAMGE PCI/GRAM AVERAGE LOGHORMAL
NUCLIDE TISSUE SAMPLES  FCICGRAME  DEVIATION  HIGH LGt FOLAGRATEY TEDIAN PCEAGRAN
5 5L 2OBE-F ‘ 1.545E-01 3. B8E-01 I.lzee-nl
B e 2a Sl e . 7.194E4B8  1.ORJE+AL 3.7SEEHIR
40K  BorhE 57 o BaE+a0 y 6 rerE 2.702E-01 3., 7SOE+00 4.7 1EE+AD
23 Eg MUSCLE 28 1.81SE+08 5. 73%E+0D . +01 .182E-02 1. 7eSE+ad g-§4?g:@;
90 SR MUSCLE 27 2.093E-01 Z.501E-a1 1. 275E+0D 5'3415:?3 2. peseenl 2 e
106 RU 'MJSCLE 27 7.07IE-01 4.3 2, 104g+2Y “'SELE_éi é~ 3
102 Rg MUSCLE 23 f.E1BE-02 7. ) 3.713E-01 l-UJﬁE_Ei .- L
125 SB MUSCLE 2 1.216E~01 1243601 3.80e-a1 e C heeE-m H
137 cs [MUSCLE 23 5 1. L2 -44 Eopa lt"' SRR S SasE a2
133 BA MUSCLE 28 vL.TRRE i o, i ZeonoETe 0 l:.”l-:?l.&”; o
152 EU MUSCLE 25 A ! 3 . CsE -0
155 Ry IMUSCLE 23 PR EE U P S.a551E 2. i" R T £ LeE—gD
207 BI [WSCLE 28 1.152E-D 1.923E ‘. A "_] e e aShs
235 y MUSCLE 23 5. 434E-02 %.857E-02 1. 9 R g
239,240 PU MUSCLE 28 T.T24E~D2 1.699€-91 5.874E-21 1 ESTECAT
‘233 PU MMISCLE 8 2.100E-03 6.707E-03 2.297E-22 ! R -
241 AM [WSCLE 28 £.431E-02 S.7I1E-02 1.3z0E-0! < :
+AVERAGE ¢ JF NON~DETECTED. COMCENTFATION SET EQUAL TO DETECTION AR pC ! GEAN
+vRVEPAGE (1F NOM-DETECTED. CONCENTFATION SET EQUAL TO ZEFO? pC }/GPAN
. e il Al 3wl i e
i i for the entire Atoll for goatfish.
Table 156¢c. Summary of radionuclide concentrations AVERAGE LOBHERUAL

NO. OF AVERAGE STANDARD RAMGE FC1/GRAM



I Table 156c. Summary of radionuclide concentrations for the entire Atoll for goatfish.
NO. OF AVERAGE STANDARD RANGE FC1/GRAM AVERAGE LOGHORMAL
MUCLIDE TISSUE SAMPLES FC I GRAITE DEVIATION HIGH LOL! FCOLGRAMY MED It POL/AGRAN
3 H MJSCLE E 4. SLACOE -2 AL Emar ot LI A -ny
40 K IWSCLE 19 ., - lrlFrnﬂ - - ERER I TS AR Ty o b oAb e
55 IFEE (RGNS 20 3 o 3 B N 1ot v ot e 1L 4]
60 CO FRISCLE 21 1 5. | IR MR [ SR | T B A Voot -
90 SR FSCLE 21 2. A 1 '_mnzu_m 1,212 S VI N A RN !
106 RU  TMUSCLE 10 T J. 1 4"E+UU I i A S
102 RH  MUSCLE 21 b Jd. Lo 1= . 3 CLlaE-nz
125 SB  MUSCLE 21 3. 1, 4EnE+00 ® Lo IE - L0
137 CS IMSCLE 21 1. El ot 1.l
133 BA  1USCLE 13 l. -3, TN T I ol
144 CE MUISCLE 1 x] 200 i, AR IE R |
152 EU  [WSCLE 21 4. 1 . Gl
155 EU  MUSCLE 21 i J4, PR o 'r |
207 Bl jWsCLE 21 1.
235U MUSECLE z2n 1. z L
239,240 PU  usCLE 21 5 | (I e i
238 PU FIUSCLE 2 3 L 0SE - :
241 AM  MuUsCLE 21 >, K . A ANTE N
#AYERAGE ([F MOM-DETECTED. COHCEMTFATION SET EQUAL TO DETECTION LINMITY RO SFAN
#KAVERAGE (1F NON-DETECTED. COMCEMTRATION SET EQUAL TO SEFD PCT-GRAN
1
(9)]
w
—
]
Table 156d. Summary of radionuclide concentrations for the entire Atoll for other fish.
MO, OF AYERRGE STANDIRRD FAMGE PCT-GRAN HYERATGE LIsNORTnL
NUCLIDE TISZUE SAMPLES FCT/GRAMK DEVIATION HIGH LTt FOT GRS MEDTAN FC1/GRAM
3H  MUSCLE 2 S.040E-01 7. SLNA0E-R] 1.598E-11
40 K MUSCLE 46 1 2. 1.SaTE 4111 1. A2 E+0]
55 FE MJSCLE sA 1. 1 LLUI3E+0 L SLO1XE+0D
60 CO MUSCLE SZ 2 7. SEZEADD SLOIRTE-IL
90 SR 1USCLE 52 l, o | A i ]‘ o
106 RU JSCLE E{s) 4,9 K 0. S -]
102 RH rMUSLLE 52 1. z SRR -
113 CD HUSCLE 1 2. R
125SB  [MISCLE 52 2. 1
137 CS  1JSCLE 52 J. 3 z
133 BA [WJSCLE 46 1. B o
144 CE IMUSCLE 2 x 2.97SE-D1
152 EU  MUJSCLE Sz 3.41%E-01 2
155 EU  pUSCLE o2 S,z a.
207 BI  1WsCLE s2 3. TR o 2
235 U MUSCLE 43 o, LSITE-DI z
239,240 PU  1JSCLE 49 . L2 2E+00 v
238 PU  MUSCLE 71 1. EASE-0F [, 14nE-11 - :
241 AM  jUsCLE 52 1. 403E-/11 SLOTE-O TLTRNE-Dz

#AVERAGE (1F MON-DETECTED. COHCEHTPATION SET COUAL TO DRETECTION LINNIT. FOL GRAM
#YAYERAGE ¢ IF MOM-DETECTED. COHZENTFATION SET EOUAL T JEFD PO GRW
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Concentration — pCi/g
o
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137

samples as a function of loca-

Cs concentrations in marine

tion in the Atoll, The bar
above each vertical arrow
indicates the maximum value
for a sample included in the
average., No bar or arrow
indicates a single sample,

same range as individual samples for
islands ALICE through IRENE, there was
definitely a significant difference for the
1375 and 8%Co (p = 0. 001 Mann-Whitney
U Test) concentrations for fish from
ALICE through IRENE, versus those from
JANET through LEROY. There was no
significant difference between these island
groups for fish muscle samples for 90Sr.
If fish samples for eviscerated whole
fish (which includes the bones) are in-
cluded, then 905r concentrations do test
differently for these island groups.
However, the people living on Engebi
(JANET) will fish both east and west of
the island; that is, they will fish off the
islands ALICE through IRENE, but will
also fish off the islands KATE through

WILMA, In essence, the people Mvmg

on Engebi will fish the northern hajy of
the Atoll. Therefore, in their figh diet,
they will integrate the concentrationg of
the fish from the northern half of the
Atoll, i.e., ALICE through WILMA_
Again using the Mann-Whitney U Test,
concentration values for the three Isotopes
for all fish from islands ALICE through
WILMA, i.e., the northern half of the
Atoll, were tested against the concentra-
tion values for all fish from islands
ALVIN through LEROY, i.e., the southery
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VECEETEOST ¥ 0¥ q
X
. 60 . . ;
Fig. 121, Co concentrations in mariné

samples as a function of loca~
tion in the Atoll, The bar
above each vertical arrow
indicates the maximum value
for a sample included in the
average, No bar or arrow
indicates a single sample.
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Fig., 122, Sr concentrations in marine

samples as a function of loca-
tion in the Atoll., The bar
above each vertical arrow
indicates the maximum value
for a sample included in the
average. No bar or arrow
indicates a single sample,

half of the Atoll. The results for fish
muscle show no difference between the
two halves of the Atoll for 9051‘ (p =0.7),
B37¢s (p = 0. 1), and 8%Co (p = 0. 4).
137Cs and 905r tested as significantly
different (p = 0, 001) for eviscerated
whole fish which included bone; however,
the average concentration in this case for
the two halves of the Atoll differs by only
a factor of 3 for 137Cs and a factor of 2
for 9OSr, and the average for the entire
Atoll is less by only a factor of 2 for
137Cs and only 30% for 905r than the

average of the northern half alone.

As a result of the abeve analysis and
the fact that the Vnewetak people eat only
the muscle portion of the fish, the average
concentration (with concentrations for
nondetected radionuclides set equal to the
detection limit) for fish from the entire
Atoll was used in the dose code.

Table 158 lists the average concentration,
the number of samples in the average,
the standard deviation, and the high and
low of the range for each radionuclide

Tor all tish,

The concentration distributions tor
5')OSr, 137(‘3, and 6OCo are quite skewed
(Figs. 123-125) and are consistent with
other published data on radionuclide and
trace-element distribution in fish, ani-
mals, and humans (1, 2, 3). The log-
normal median is therefore included in
the Table 158 for comparison with the
average value. In general, the lognormal
median is 3 to 4 times less than the aver-
age. However, to estimate the average

population dose for the marine pathway

8 II!IHIII T17 I]']T] T TTTTTTHT

Frequency
FoN
1
|

0.00} 0.01 0.1 1 10
Concentration — pCi /g
Fig. 123, Histogram plot of the 905r

concentration in all fish from
the entire Atoll.

-533-




Table 158, Average concentration, number of samples in the average, standard deviation, and
high and low of the range for all fish in the entire Enewetak Atoll.

NO. OF AVERAGE STANDHRL RANGE FCI/GRAM AVERAGE LOGNORMAL
NUCLIDE TISSUE SAMPLES PCI/GRAME DEVIATICN H1iEH LOw PCI-GRAM  MELIAH PCI/GRAN

21003  MUSCLE 9 3.955E~01 1.

19842 MUSCLE 116 L. 1E9E+I1 5.

26855  MUSCLE 123 1.S74E+01 4. :

27060  PUSCLE 123 2L A0SE+HID g P

33898 MUSCLE 25 1. SEZE-N1 2. .

44106 MUSCLE a3 DLESE-D] 4. |

45102 MUSCLE 23 E R eI AL ] .
o 48113 MUSCLE 1 2.RISE-D] . Yol L
o S1125  MUSCLE 123 2.443E-01 2.SE1E-01 : ILHIOE-RZ b,
w 55137  MUSCLE 128 3.837E-01 7LOg0E-a 1 5. 7 TIE+ON 3 -1 L.

S6133  MUSCLE 104 1.431E-011 1.285E-01 7.EIIE-@1 ! -02 !

58144  MUSCLE 4 2.822E-01 1. 269E-02 2.arsSE-al i o

63152  MUSCLE 128 7.826E-02 5.89%E-02 3.A1EE-0T 2. i o £

63155  MUSCLE 128 1.107E~01 TLETIE-AZ S.Z1ZE-A1 3.0ATE -0 1,41 E-f2 =,

83207  MUSCLE 128 2.4R3E+0N ZLUTEREHN LRITEHAD 1L UnsSE-n" DA DEAN 1.

92235  IMUSCLE 122 RN R AR L LICIE b .

94008  IMUSCLE 123 ZLATVE-1] EN R Rl SUE E

94238  MUSCLE 64 1.330E-02 Z.ITSE-RZ

95241  IMUSCLE 128 1. 144E-01 §.4BZE~DZ

HAVERAGE (IF NON-DETECTED. COMCEMTRATION SET EOUAL TO DETECTION LIMITY FCI-GRAM
HKAVERAGE (IF NON-DETECTED. COWCENTEATION SCT EOURL TO ZERODY PCI-GRAN
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Fig. 124. Histogram plot of the Cs

concentration in all fish from
the entire Atoll,

we have used the average radionuclide
concentration, which is conservative and
leads to the higher dose estimate,

Elements other than 137Cs, 60Co,

Sr, 238,239,2405 455

the most part nondetectable.

%0 Fe were for

In such
cases, for the purpose of dose estimates,
the concentration of the radionuclide was
set equal to the detection limit, The
average pCi/gram value listed in

column 4 in Tables 154-158 was calculated
in this manner, Using this approach pro-
duces a conservative dose estimate of

the contribution from these nuclides be-
cause the actual concentration of many of
these nuclides may be far below the analyt-
leal detection limit.
241Am established by

wet-chemistry analysis of a few samples

For example, detec-

tion limits for

were found to be significantly lower than
those previously established by gamma
counting,

Tables 154-158 give an indication of

the isotopes whose concentrations were
The 8th

column headed "average'" (if nondetected

established by detection limits,

concentration set equal to zero) means
that if an element were not detected, the
concentration value was then set equal to
zero rather than equal to the detection
limit. Therefore, if a zero appears in
this column, it means that the isotope
was not detected in any of the samples
analyzed, If a number appears in this
column but the concentration value is
very low relative to the "average' column
(if nondetected concentration set equal to
detection limit), that indicates that the
isotope was not detected in many of the
analyzed samples, If the two columns
have equal or approximately equal values,
then all or nearly all of the samples ana-
lyzed had detectable amounts of the iso-
tope., In any case, by setting the
concentration equal to the detection limit

for those isotopes which were nondetected

llllll”l I lIll”Il LIS EAI

T llll”]

Frequency

0 R ETOm L 11184 e

0.0l 0.1 1 10 100
Concentration — pCi /g

Histogram plot of the 60Co
concentration in all fish from
the entire Atoll.

Fig. 125,
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maximizes the dose contribution from
these radionuclides.

Table 159 shows the average concen-
tration of the three main radionuclides
found in fish. The number of samples
analyzed, as well as the high and low of

the range, are given. These values, cor-

rected by a factor of 3,5 to obtain wet
weight, were used along with the 600-g/day
intake of fish from the predicted diet to

make dose estimates. The values for

9OSr in this table deserve special com-

ment, Most of the reef fishes, which
make up a large portion of the marine
diet, are small and are not easily filleted
to separate meat from bone, Therefore,
the eviscerated fish were homogenized in
a blender to make a uniform sample and
then packaged for counting, Homogeniz-
ing the whole fish (excluding viscera)
includes all the bones of the fish, A sig-
nificant fraction of the “USr in fish is, of

course, lodged in the bone moiety. How-

ever, the Enewetakese do not eat the

bones of the fish and are, in fact, careful

to eat the meat from around the bones.

The samples where the muscle wagqg
separated from the bone showed 3 MUs ],
concentration of Sr of 0.075 pCi/g,
which is lower by nearly a factor of 3
than that observed in the eviscerateq
whole fish, Therefore, the dose from

OSr has been calculated using the valye
for fish muscle of 0. 075 pCi/g dry wejgp
(or 0,021 pCi/g wet weight).

For reference, data for the 137

5 Cs ang
Sr content of fish from U, S, diets,
from high lakes in Colorado, from aroung
Amchitka Island, and from around Bikipj
Atoll are shown in Table 160. Cesium
concentrations at the Atoll are quite simj-
lar or in some cases lower than those ob-
served in other locations, while strontium
concentrations are higher in the Atoll

than in the U. S, diet.

Dose Code

The doses via the marine and terres-
trial food chains were estimated using
the following differential equation to de-

scribe the intake and retention by man:

Table 159. Radionuclide concentrations in fish (January 1972).
Concentration, pCi/g dry weight
Nuclide Sample No, of Samples Average High Low
137 All fish2 128 0. 39 6.8  0.026
60¢, All fish® 128 2.0 38 0. 041
90g,. All fish® 125 0. 16 1.5  0.0010
908r Eviscerated 74 0,21 -—- ---
whole fish
905, Fish muscle 51 0. 075 —- -
only
‘/

A Al] fish includes eviscerated whole fish and those fish where muscle was
separated from bone and only the muscle was analyzed.
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pable 160.  Comparison of cesium and strontium data 1or marine fish muscile,

Concentration,
mean pCi‘g, dryv wt
37 a
Location X ‘Cs OSr
——
Fnewetak 1972 0.3 0. 08
Amchitka 19712 0.1 No data
Chicago 19710 0.1 0.003
Chicago 19720 0.2 0.003
Bikini 1968¢ ~1,0 0.7
Colorado
mountain
lakes 19724 2.5 No data

8amchitka Radiobiological Program Progress Report, NVO-269-17, 1972,
PRadiation and Data Reports 1971, 1972;
Health and Safety Laboratory Quarterly Reports 1871, 1972, 1873,

“Radiological Report on Bikini Atoll, 1968,

d”Radioecology of Some Natural Organisms and Systems in Colorado,

Eleventh Annual Progress Report to Atomic Energy Commission, Department of
Radiology and Radiation Biology, Colorado State University, Fort Collins,
Colorado, Rept, COO-1156-63.

-A .
dC . an : U an€ A C C=C,e I‘t, where Cg is the concentra-
dt M L Tman, tion observed at the time of the survey
where Cman = concentration of nuclide and A,. is the radioactive decay constant.
in man, pCi‘g, The concentration in man at any time t
[ = food intake, g/day, after initial consumption of the food is:
fman = fraction of nuclide ingested
reaching the organ of I fmzn CO -Krt ) t
reference, Cman:M—(A_—'_-A) e - e man pCi‘g
C = concentration of nuclide in men
food product, pCi/g (i.e., ; - . L
fish, shellfish, coconut, The dose at anv time t after initial con-
land crab, etc.), sumption is:
M = mass of the organ of t
reference, g, and Dose (rem) = KE[ C gt
Kman = effective elimination rate o man
of nuclide from man, day~!l ti ¢ ¢ At oo ¢
B _ mal o r men
= . . + . . = K ——— -
(kman Ab1010g1ca1 Aradmactwe). Efo M (A _ kr) (e € )dt'

The concentration C in the food pro- . .
p where K is a conversion constant from

ducts is calculated assuming that the 5

pCi/g to rem and equals 5.1 X 10~

nuclide disappears only by radioactive disintegrations . g . rem

decay, i.e., that no other processes are pCi . MeV. day » and E is the

in operation which reduce the nuclide disintegration energy of the nuclide in

availability in the food chain. Therefore MeV, including a factor for relative bio-
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logical effectiveness (RBE)., The fina

dose is then determined from the integra-

tion of the equation, i.e.,

Xt At
KEIf C l1-e ¥ 1-e 7%
man o

Dose = — - rem,
M()‘rmn )\r) Kr A . each nuclide, The average values for

Table 161 lists the (FMAXN),
man

Aradioactive (LR), Aman (LMAN), and

disintegration energy (E) values for all of

the isotopes in the dose calculations.
Values for the parameters fman (FMAN)

(a dimensionless number) and A
man

(LMAN) (in days-l) for the whole body,

~

bone, and kidney are taken from ICRP4’D

or from more recent literature reports,

where such data exist, We are continually

searching the literature and updating f

and A values for many isotopes when new

information is available. The masses (in

grams) used for the whole body and other
reference organs are adopted from ICRP
values. The disintegration energies, E,

(in MeV), are obtained from either

ICRP 4,5 or the work of the MIRD com-

mittee6. The radioactive decay constants

A, (LR) (in days -1) are calculated from
isotope half-life data in the Table of
Isotopes7.

The intake term (I) represents the
average daily consumption of various
dietary components. The average diet
is the result of input from Jack Tobin of
the Trust Territories, discussions with
Dr. Mary Murai of the University of
California, Berkeley and reports which
she has published,8, and direct interview
and observation of the Enewetak people
in their present locations (see reports by
Marsh and Nelson included in the chapter

on Enewetak),

(6)

Dose Estimates for the Marine p

. ath\..;“
The radionuclide concentratign C
R
the average value for all fish from the
entire Atoll determined from our syry
» '()\-

and is listed in Tables 158 and 159 for

radionuclide concentrations listed ip the
tables are in pCi/g dry weight, The data
are corrected to pCi/g wet weight for Use
in the dose code by dividing by 3, 5, the
average wet-to-dry ratio for fish from
the Atoll, )

Integral dosies calculated from the
marine survey data are listed in Table 152
for the whole body and bone for 5, 10, 30,
and 70 yr, The major contribution to the
whole-body dose comes from 137Cs and
GOCQ, while the bone dose comes from
9OSr, as well as 137Cs and GOCO, The
fourth line of the table gives the summa-
tion of the dose to each organ from the
three isotopes, The bottom entry in the
table lists the dose from all radionuclides
which are listed in the Table 154 footnote,
It is clear that almost all of the dose is
contributed by 137Cs, 60Co, and 9OSr.
For example, the 30-yr integral whole-
body dose is 47 mrem from 137Cs and
60Co, and only 6 mrem additional whole-
body dose is contributed by other radio-
nuclides, For bone, the total dose from
all radionuclides is 840 mrem, with 94%
contributed by “°Sr, and 6% by all other

nuclides,

In addition to the isotopes listed in
Table 158, dose estimates for 14¢ and
129[ were made and included in the sum~
mary of the marine pathway. Neither
14¢ hor 129, were detected in any of the
samples, but doses were calculated on
the assumption that the concentration

equaled the detection limit, The 30-yr
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Table 162, Integral dose® for 3, 10, 30, and 70 yr from the marine food chain,

Integral dose, remb

5yr 10 yr 30 yr

70 yr

Nuclide W. B. Bone W. B.

Bone W. B. Bone

W. B. Bone

137cs 0.0061 0.0061 0.012 0.012 0.030 0.030 0.049  0.049
%0co 0.0078 0.0078 0.012 0.012 0.017 0.017 0.017 0.017
90g,. - 0.13 - 0.31 - 077 -- 1.3
Sum 0.014 0.14  0.024 0.33  0.047 0.82  0.066 1.4

All

nuclides® 0.016 0.14  0.028 0.34  0.053 0.84  0.089 1.6

%The dose is based upon the average concentration for fish from the entire

Atoll and upon a dietary fish intake of 600 g/day.

six living patterns.

These doses apply to all

The concentration data were corrected to January 1974, the earliest possible
return date to the Atoll; all integral doses are calculated for periods which

begin on January 1974,

“Isotopes included in the '"All nuclide

SH SOCO 102Rh
14C 905r 113Cd
55Fe IOSRu 1258b

integral dose for 14C, calculated in this

however, there is very good reason to
believe that the actual concentration is

orders of magnitude below the detection

s' calculation:

137CS 152Eu
133Ba 155Eu
144Ce 207B1

limit reported here,

235

238Pu

239Pu

241

Therefore, neither

isotope is significant in the total dose

assessment via the marine pathway.
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Evaluation of the Dosage from Terrestrial

I"oods

Y. C. Ng, B. .J. Berger, D. J. Pederson,
Y, . Ricker, znd S. E. Thompson, Jr.
[Lawrence Livermore Laboratory
Livermore, Caliiornia

[ntroduction

This chapter describes the analysis of
the biota data for evaluation of the poten-
tial dose from iagestion of terrestrial
foods. Because some of the items expected
in the diet were not available in abundance
for adequate sampling, it was necessary
to examine not only data from the edible
species but also those from other consti-
tuents of the ecosystem, i.e., soil,
indicator plants, and indicator animals.
It was necessary to take into account
radiological data reported for other loca-
tions, to examine collateral information
{from a variety of sources, and to use all
of these data to derive quantitative rela-
tionships for predicting concentrations of
radionuclides in food items. Assessment
of the dosage from terrestrial foods is
based on the diets and living patterns dis-

cussed earlier in this section (Tables 1,4).

Sampling of Terrestrial Biota

The chapter on the terrestrial biota
survey presents a detailed description of
the terrestrial biota sampling program,
Edible plants or animals collected include
coconut, pandanus, tacca, various species
of birds, bird eggs, and coconut crab.

Indicator species include Messerschmidia,

Scaevola, rice rat, and roof rat.
Table 163 lists the islands from which
Edible

species were collected wherever they

edible species were collected.

could be found but, in contrast to

Messerschmidia and Scaevola, they were

not avallable “or sampling on cach .

Coconut was sampled on 16 islands ..
tributed about the Atoll, but pandan..
Truit was obtained only from BELI |- and
KEITH, and tacca root only from DAVID
Pandanus leaves were collected fro.,,
BELLE, KEITH and eight additiony
islands.
Atoll,

in July 1973 were the source of the ¢q-

No breadfruit was found on th,.

Coconuts collected by Ken Margy,

nut milk and a portion of the coconut
from IRENE and MARY, |

Birds were collected on 18 islands ;¢
eggs from eight islands distributed
throughout the Atoll, Collection of . c0-
nut crabs was confined to islands in the
south (BRUCE, GLENN, JAMES, KEITH
and LERQY).
on IRENE and on the southern islands,
DAVID, REX, GLENN, HENRY and IRWIX,

but they are not part of the diet.

Hermit crabs were collected

Rice rats
and roof rats were collected on nine istank

in the north and the south, including
JANET and YVONNE, Rats are not part
of the diet, but they provide useful data
for assessment of the dose via poultry and

livestock.

Distribution of Radionuclides in
Terrestrial Foods

Coconut — Coconut is the edible plant
for which sampling was most extensive.
Table 164 lists the concentrations of radio-
Figure 126
90sr and

nuclides in dry coconut meat.
is a graph of the distributions of
137¢s by island, and Fig., 127 is a graph of
the distributions of the other nuclides that
were above detectable limits, The term
"island number' as used in Table 163 and
in the figures refers to the practice of
assigning consecutive numbers to each

island as one proceeds around the Atoll,
beginning with ALICE.,
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Table 1t
J—

|sland

_No. Is

1.
2,
4.
9.
10.

12,
14.
15.
16.
17.
19,
20.
21,
22,
24,
29.
30.
31,
32,
33.
34.
35.
37,
38.
39.
40.
41,
42,
43.

Al
B1
D.
IR
J£

L1
M
N.
Ol
P1
S#
TI
Ul
Vi
VA
V.
Al
B]
Cl]
D.
R]
E]
F1
Gl
Hi
IR
Jf
K!
L]

aPemdar

b
Rats arx




Table 163. Terrestrial biota surveyv. Edible plants and edible animals sampled.
[siand Coconut Cocpnut Pandapus Pandanuas Tacca ‘ Bird Coconut b
No. [sland meat milk fruit leaves corm Birds eggs crab Rat

1. ALICE X

2. BELLE X X

4, DAISY X X

g, IRENE X X X X

10, JANET X X X X X X
12, LUCY X

14. MARY b X X

15, NANCY X X

16. OLIVE X

17. PEARL X x
19, SALLY X X X X
20, TILDA X

21, URSULA X
22, VERA X X

24, YVONNE X X X X
29. VAN x

30. ALVIN X

31. BRUCE X X X X
32, CLYDE % * X
33. DAVID X X % x x X
34. REX b e X

35. ELMER X X
37. FRED X

38, GLENN X X X
39. HENRY X X

40, IRWIN b b X

41, JAMES

42, KEITH X X

43, LEROY X X

a .. .
Pandanus leaves are not eaten but serve as indicators for pandanus fruit.

b
Rats are not eaten but serve as indicators for poultry and swine,
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Table 164. Radionuclides

In coconut meat.

Concentration, pCi/g dry wt

Ib&l‘ifd Island 3H %5Fe 6OCo 90Sr 137Cs‘ 239, 2401’\1
4 DAISY® 0.415 <0.059 0. 200 7.17
9 IRENE <0.067 0. 067 1.77 0. 0362
£6.5 <1.70 1. 61 5.11 <0. 034
10 JANET 0.343 <0.,069 0.207  84.7
14 MARY 1,18 <0. 055 0.136 14. 3 <0. 0005
76.6 <0.017 14. 1 5.58 <0. 43
15 NANCY 0.333 1.95 <0.054 0.167 18.8 <0. 000G
22 VERA <0, 053 0.134 9.30 0. 00013
24 YVONNE  0.664 0.077 0.011 3.96
<0.19 <0. 066 <0. 054 1.99 <0. 0020
31 BRUCE <0.014 0. 582
33 DAVID 0.313 <0, 060 0.014 2.59 0. 0027
<0.012 0.026 0.399 0. 0034
35 ELMER  0.305 <0. 63 <0.028 <0. 075 3.45 <0. 0052
_ <0, 068 0. 032 2.14 0. 00044
37 FRED 0.390 <0. 020 0. 030 2.39
0.302 <0. 35 <0.021 0. 367 0.530  <0.0058
38 GLENN <0. 27 <0. 053 <0. 049 1.30 <0.0013
<0.029 0.020 1.01 <0. 0025
39 HENRY” <0.11 <0. 007 <0. 028 0.565  <0.0010
40 IRWIN <0. 64 0.074 <0, 086 0.2~9 <0, 0027
42 KEITH <0. 29 <0.064 <0. 056 0.952 <0, 0009
43 LEROY <0.015 0.189 3.90 0. 00073
7

%A concentration of 0. 065 pCi 20
bA concentration of 0, 098 pCi

155

Coconut Milk — Table 165 is a com-

Bi/g was measured in the sample from DAISY.

Eu/g was measured in the sample from HENRY.

the milk was obtained from green nuts

parison of the radionuclide content in fresh  and most of the meat from ripe nuts, the

cObconut meat and coconut milk collected

from the same island. All of the milk

samples represented were obtained from
coconuts collected by Ken Marsh in July
1973, 1In Table 165 the meat samples of

the bracketed pair of meat and milk

bracketed meat and milk samples from
IRENE and MARY are not representative

of single pooled samples of coconuts.

Pandanus — Table 166 lists the con~

centrations of the radionuclides detected

samples from IRENE and MARY were also in fruit and leaves of pandanus. The fruit

collected by Ken Marsh,

Since most of

and leaves listed for BELLE and for
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Fig. 126.

KEITH are representative of the same
plant, Figure 128 is a graph showing the
island-by-island distribution of these con-

cenfrations,

Tacca — The concentrations of radio-
nuclides detected in the one sample of
tacca are listed in Table 166 and shown in
Fig, 128,

Birds — The "edible" birds are con-
sidered to be those species that were
found and collected in greatest numbers;
these include the common noddy, the
white~capped noddy, and the sooty tern.
Table 167 lists the concentrations of
radionuclides detected in muscle and liver
of these species. A fourth group of pooled

terns assembled from common noddies,

WO T =7 7177 :
10 - —
oy
R A
e T : h
% 4 & 2 saa
l
N 0.1 - .
S
2 a
g
S 0.01 |- a3H .
Q
< a 55,
S 0 239,240p,, B
0.001 - =%, B
o
O S T = S O |
0.0001
5 10 15 20 25 30 35 40 45
Island number
Fig. 127. Concentrations of radionuclides

in coconut meat.

white-capped noddies, and sooty terns is
also represented in Table 167,

Figure 129 shows the distributions of
55Fe and 60Co in muscle and liver by

island, and Fig. 130 shows the distribu-

tions of 90Sr, 137Cs, and 239, 24OPu in ]
these tissues by island. '

Bird Eggs — Table 168 presents the ‘
radionuclide concentrations detected in i
bird (common noddy or sooty tern) eggs, 1

and Fig. 131 shows the distribution of 1

the radionuclide concentrations by island.

Coconut Crabs — Table 169 lists the

concentrations of the radionuclides de-
tected in muscle and hepatopancreas of

coconut crabs. Figure 132 is a graph of

60Co, 9OSr, and

Cs in these tissues by island.

the distributions of
137
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Table 165,

Raaionuclides

in meat and milk ot cocurut,

Island

Plant

Concentration, pCi/g wet

No. Island part POre e S0cr e 239240}’11(%“\{\‘\:4:\“
4 DAISY  Meat <0.029  0.100 3.58 0. 50
Milk  <0.30 <0051 0. 068 0.084  <0.0016 g g4
9 IRENE Meat <0.034 0,033 0.885  0.0181 g g,
_\Ieat} 5.60  <0.11 0.:04 0.331  <0.0022 g
Milk 2.7 <0, 15 0. 077 ~0.0086 0.046
10 JANET  AMeat 0.035  0.103 42,3 0. 50
Milk  <0.12  <0.030  0.084 11,2 ~0.0005  ¢.0s53
14 MARY  Meat 0.590  <0.027 0. 068 7.14 20,0003 .39
Meat} 42,2 <0.009 7.79 3,07  <0.24 0. 55
Miltk[ <0.35  <0.016 0,042 4.52  <0.0046 0,047
15 NANCY Meat 0.975  <0.027  0.084 9.42  <0.0003 0,350
Milk 0.266  <0.060  0.051 6.65  <0.0010 0,045
33 DAVID  Meat <0.030  0.0069 1. 30 0.0014 0,50
Meat <0.0059 0,013 0.199  0.0017  0.50
Milk  <0,13  <0,012 <0, 023 1.09  <0.0015 0,047

Where wet and dry weights were not determined, the dry-wt/wet-wt ratio of coconut

meat was assumed to be 0, 50 *’ ",

This coconut sample was green and hence yielded little meat,

Statistical Analysis of Terrestrial

Biota Data

Statistical Correlations Between

Plants and Soil — Soil is both a logical

and convenient starting point for predict-
ing radionuclide concentrations in terres-
trial foods, First, it is the source com-
partment from which all the terrestrial
food chains derive their radioactivity,
Second, it was subjected to extensive
sampling and analysis on each island of
the Atoll.

The uptake of radionuclides from soil
to plants can be described quantitatively
in terms of the concentration factor, de-

fined in this discussion as
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pCi/g dry plant < pCi/g dry soil,

Table 170 summarizes the concentration
factors of 137CS and 9OSr determined for
edible and indicator plants. These two
nuclides have been singled out because
they were consistently detected and
measured in terrestrial vegetation and
they contribute most to the dosage {rom
The con-

Cs and

ingestion of terrestrial foods.
centration factors for both 137
908:‘ are seen to be widely distributed,
with ranges varying by a factor of 100 or
more. This is not really surprising
since the pairing of plant and soil data
for the same location is inherently 1ack”
ing in precision and since soil is a com”

plex substrate that does not exhibit
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Table 166, Radionuclides in pandanus and tacca.

Concentration, pCi/g dry>

[Sland Plant

55 137 239, 240

No., Island type 3H Pre 60Co 9OSr‘ Cs Pu

2 BELLE Pandanus 0,859 0.140 206 923 0.00343
fruit
Pandanus 0. 438 <0. 14 391 679 <0, 24
leaves

10 JANET Pandanus 2.32 <0.12 4,41 0.620 0.00204
leaves

19 SALLY Pandanus 0.703 <0.11 1,97 15,0 0.0149
leaves

20 TILDA Pandanus 2,94 <0,12 15,5 152 0, 00698
leaves

22 VERA Pandanus <0.069 4, 64 17.6 0. 00757
leaves

33 DAVID Pandanus 0,127 <0,11 3. 56 15.9 0.00132
leaves
Tacca 0.516 <1.31 <0, 09 0. 096 8.96 0.00114
corm

35 ELMER Pandanus 0,416 <0.034 25,1 3.09 0. 00195
leaves

37 FRED Pandanus 0. 851 <0. 066 0. 422 4,29 0, 00770
leaves

42 KEITH Pandanus 1,99 12.2 <0.10 13,1 0.860
fruit
Pandanus 0. 356 <0, 027 (lost) 0. 569 0.00447
leaves

43 LEROY Pandanus 0.210 <0.074 1. 69 9,14 0.00222
leaves

2Additional nuclides measured at levels above detection limits: (1) IZSSb, 3.01 pCi/g
in pandanus fruit from BELLE; (2) loth, 0.114 pCi/g in tacca corm (DAVID);

(3) 14%Ce, 0.724 pCi/g in pandanus leaves from KEITH and 0. 469 pCi/g in pandanus
leaves from LEROY; (4) 297Bi, 0.043 pCi/g in pandanus leaves from KEITH and

0. 108 pCi/g in pandanus leaves from JANET,

uniform properties at any given location. radiation survey were used to represent
Linear regression ana.lysisl’2 was there- soil. Messerschmidia and Scaevola, the
fore carried out to identify correlations the dominant and most widely disseminated
between 137Cs and 90Sr concentrations in and extensively collected plant species,
plants and those in soil that would be use- were chosen as indicator plants. The fol-
ful for predictive purposes. lowing linear regression analyses were
Concentrations of 90Sr and 137Cs in performed to determine regressions of
the 0-15 cm profile samples reported in Qosr and 137Cs in plants on those in soil:
the chapter on the terrestrial soil and (1) coconut meat on soil, (2) pandanus
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Table 167, Radionuclides in muscle and liver of birds,
Concentration, pCi/g dry
Island Sample 55Fe 60Co 905r 137Cs 239‘2401’11
No. Island type Muscle Liver Muscle Liver Muscle Liver Muscle Liver DMuscle Liver
1 ALICE Common noddy 49.6 127 0,321 <0.165 0.0099 <0.0099 <0,072 <0,094 0.0622
9 IRENE i " 49.6 0.247 0.324 0.509 <0.,099 <0,057 0.0091
10 JANET " " 105 2538 0.507 <0,165 0,0078 0.0667 «~0,069 <0,097 0,0018 - 0,033
JANET Pooled terns 59,5 172 0.159 <0,514 0.0047 0.0050 0.0621 <0.406 0,0055 0.0015
12 LUCY Common noddy 8.78 199 <0,216 <0.398 0.0046 0.187 0.192 <0.,246 0.,0228 <0,073
14 MARY " " 14,2 251 0.316 0.568 0.482 <0,019 0.143 <0,093 0.0022 0,012
16 OLIVE " " 92.8 232 <0.151 <0.195 0.0016 0.0362 <0,092 <0,107 0,0919 0.0105
17 PEARL Pooled terns 317 0.659 0.647 <0.049 <0.,142 <0,127 0.0041
19 SALLY White~capped
noddy 110 0.214 0.235 0.0135 0.0283 <0.087 <0.,055 0.0196 0.0110
SALLY Sooty tern 36.6 155 <0.114 <0.120 0.0064 0.0344 0,081 0,069 0,0054 <0,079
24 YVONNE Common noddy 22,6 386 0.230 0.369  0.0073 0,011 0,086 0,075 0.0201 0,0111
29 VAN " " 99.6 279 0.283 0.195 0.0034 0.04005 ~ 0,076 0,060 0.0014 0.0025
30 ALVIN Pooled terns <0.167 <0,187 0.128 0,131
31 BRUCE White-capped
noddy 41,3 327 0.392 <0.,253 <0,0080 0.,0326 <0,079 ~0.134 0.0069 0.0222
32 CLYDE Sooty tern 20,4 146 <0.091 <0.549 0,0064 0,0149 0,065 <0.054 <0,0015 0.0017
33 DAVID toon 59.0 153 <0.108 <0,345 0.0545  <0,082 <0.230 0,119 0.0420
34 REX Common noddy 43.5 118 0.177 <0.161 0.0065 <0.0091 <0.076 <0,091 0,0056 0.0121
40 IRWIN " " 169 423 0.609 0.635 0,0085 0.233 0.306  -.0,161 0.0434 0,0242
42 KEITH " " 0.452 0.689 <0.0041 <0,089 <0.129 0,0010
43 LEROY White-capped
noddy 64.4 811 2.07 2,83 <0.112 0.402 <0.134 <0.,242 0,0033 0,0072
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Table 168. Radionuclides in bird eggs.

Concentration, pCi/g dry

[sland 55

No. Island Species Fe 60Co 905r 137Cs 239’240Pu
9 IRENE Common noddy 23.0 <0, 075 0.095 <0. 051 0.0015
10 JANET " ! 57,2 <0.10 0.203 0.119 0.0148
19 SALLY Sooty tern 37.6 <0,073 0.0043 <0.052 0.0154
24 YVONNE Common noddy <0, 59 <0. 10 1.06 <0. 069 0. 00045
" ! 56.8 <0.11 <0.0020 <0.079  0.0232
" " 54. 5 <0, 087 0.073 0.079 0. 00068
29 V AN " " 63.5 <0.10 0.0022 0.136 0. 00047
32 CLYDE  Sooty tern <0.82 <0. 057
34 REX Common noddy 51.4 <0.10 0.0066 <0.070 0. 00077
39 HENRY " " 54.1 0.048 0.0025 <0.015 0. 00047
40 IRWIN " " 5. 14 <0.12 <0.011 <0. 083 0. 00088
Table 169. Radionuclides in edible parts of coconut crabs.
Concentration, pCi/g dry
Isll\la;d Island Tissue 3H 6OCo 9OSr 137CS 152Eu 239’240Pu
31 BRUCE  Muscle 0. 424 0.198 0. 185 1.98 0.0012
Hepatopancreas 0. 157 0.402 0. 133 0.420 0.0023
38 GLENN  Muscle 0. 685 0. 247 1.88 0.0013
Hepatopancreas 0. 266 0. 276 0. 269 0. 545 <0. 0066
41 JAMES Muscle 1.05 0. 079 1.25 0. 00076
Hepatopancreas 1.56 0.0014 0.317 0.0019
42 KEITH Muscle 0.420 1,19 1,92 0.0014
Hepatopancreas 1.03 0.401 0.496 0.066 0,0098
43 LEROY  Muscle 0. 867 1.23 1.58 12.6 0. 0031
Hepatopancreas 0. 207 1.46 2. 58 3.29 0. 0038

data reveals a significant correlation
(P<0.001) between the logarithm of the

Cs concentration in coconut and the

logarithm of the 137Cs concentration in

soil (see Table 171C). Accordingly, the

3

. 137 .
mean concentration of Cs in coconut
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can be predicted from that in soil. Fig-

ure 134 shows the QOSI‘ concentrations in

coconut meat as a function of those in

soil. A similar analysis (see Table 172C)

reveals a significant (P = 0. 05) correla-

tion between the logarithm of the

QOSr




Table 170, Soil-to-plant uptake of 137Cs and

9OSr.

Concentration factors

(pCi/g dry plant = pCi/g dry soil)

Cesium-137

Strontium-90

Plant No. of No, of

type samples Min Median Max samples Min Median Max
Messerschmidia 47 0.051 5.4 270 42 0,031 1.2 13
Scaevola 45 0.059 4,7 120 39 0.023 0.74 14
Pooled Messerschmidia

and Scaevola 92 0.051 5.2 270 81 0.023 0.96 14

Coconut meat 21 0.22 1.3 16 16 0.0011 0,023 1.0
Pandanus leaves 10 0.072 4,7 42 9 0.18 1.0 357
Pandanus fruit 2 1.3 21 2 2.5 7.7
Tacca corm 1 16 1 0.21

concentration in coconut and the logarithm
of the 90Sr concentration in soil, The
mean 90Sr concentration in coconut can

therefore be predicted from that in soil.

Pandanus Leaves vs Soil — Figure 135
137

shows the concentrations of Cs in pan-
danus leaves as a function of those in
soil, and Fig. 136 shows comparable

data for 29Sr. Both the 137Cs data and

the 908r data scatter widely and are rela-
tively few, Linear regression analysis
(Tables 171 and 172) reveals that the cor-

137Cs and 90Sr between

relations of
pandanus leaves and soil are not statis-

tically significant,

Messerschmidia, Scaevola and

Pandanus Leaves vs Soil — Figure 137

presents 137Cs concentrations and

Fig. 138, 90Sr concentrations in Messer-
schmidia and Scaevola as a function of
those in soil, The data points are seen to
scatter widely about the regression line,

but they are far more numerous than

-552~

those obtained from the edible plants,
Statistical anaiysis reveals for both nu-
clides and both indicator species signifi-

cant positive correlation between the
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Fig. 135, Statistical correlation between
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Cs in pandanus leaves and
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rable 171, Statistical correlation between 137Cs in plants and 107Cs in soil.
Sample Correlation Level of
Plant Size coefficient significance InY = A+blnX
type (n) (r) (P) A b
A, Messerschmidia and Scaevola

JJesserschmidia 18 0.79 <0.001 1,86 0.801
jcaevola 46 0.76 <0, 001 1.52 0.823
- b a
2p0led 94 0.78 ~0.001 1.69 0. 864

B. Pandanus leaves, Messerschmidia, and Scaevola

randanus leaves 10 0,52 N. S. g 1.75 0.682
Mlesserschmidia 48 0.79 <0. 001 1.86 0. 901
Scaevola 46 0.76 <. 001 1,52 0.823
Pooled 104 0.76 <0. 001 1,699 0.851°
C. Coconut meat, pandanus leaves, Messerschmidia, and Scaevola .

Coconut meat 22 0.69 <0, 001 0, 847 0.620
Pandanus leaves 10 0.52 N.S.8 1.75  0.682
Messerschmidia 48 0.79 <0, 001 1,86 0.901
Scaevola 46 0.76 <0.001 1.52 0.823 a
Pooled 126 0.74 <0.001 1.537  0.824¢ ‘
%An F-test for equality of the regression slopes gives F = 0,28, P = 0.597,

CAn F-test for equality of the regression intercepts gives F = 1,50, P = 0, 225, :

An F-test for equality of the regression slopes gives F = 0,31, P = 0,734,

dAn F-test for equality of the regression intercepts gives F = 0,72, P = 0,489,

€An F-test for equality of the regression slopes gives F = 0,57, P = 0,633. i
' An F-test for equality of the regression intercepts gives F = 3,32, P = 0. 22,

Reject null hypothesis.
ENot significant. g
logarithm of the concentration in plant each be combined and represented by a . 4

and the logarithm of the concentration in

soil, Comparisons of the regression lines

by statistical methods described in Ref, 2

support the assumption that the individual

regression curves do not differ signifi-

cantly and that the 137

Cs and 9OSr data

from Messerschmidia and Scaevola can
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common pooled regression line (Tables ¢
171A and 172A).

Similar analyses of the three individual
plant-soil correlations for 137Cs and 9OSr ’

in pandanus leaves, Messerschmidia, and

Scaevola also reveal that in each case the

individual correlations are statistically

LT
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Table 172. Statistical correlation between 9051- in plants and 9051‘ in soil, I 137
Sample Correlation Level of -
Plant size coefficient significance In ¥ = A +4 In ; i
type (n) (r) (P) “A\b _ i
T : dant
A, Messerschmidia and Scaevola Ath
Messerschmidia 42 0.83 <0.001 0.438  0.8p8 : are
Scaevola 39 0.81 <g. 001 -0.0451 0, 38gg { red
Pooled 81 0.81 <0. 001 0.208° ¢ ggs2 aun
cas
for
B. Messerschmidia, Scaevola, and pandanus leaves ; lea
1
Messerschmidia 42 0.83 <0, 001 0.438 0.868 to!
- ) o o o i tha
Scaevola 39 0.81 <0, 001 -0.0451 0,866
'S
Pandanus leaves 9 0.49 N.S. € 1.05 0.537 '
YOt
Pooled 90 0.79 <0, 001 0.299° 0,836 ! )
a
da
lir
C. Messerschmidia, Scaevola, pandanus leaves, and coconut meat ¢
1 0
Messerschmidia 42 0.83 <0,001 0.438  0.868 - Ti
Scaevola 39 0.81 <0,001 -0,0451 0, 866 o
Pandanus leaves 9 0.49 N.S.€ 1,05 0, 537 .
1
Coconut meat 16 0.50 0.05 -3.01 0. 482
p
Pooled 106 0.62 <0.001 -0.2448 0.798 )
o r
“An F-test for equality of the regressmn slopes gives F = 0,00, P = 0,989,
bAn F-test for equality of the regression intercepts gives F = 3,26, P = 0.075. 1
CNot Slgt‘ufwdnf.
dAn F-test for equality of the regression slopes gives F = 0,80, P = 0. 455, .
€An F-test for equality of the regression intercepts gives F = 1,76, P = 0,179, i
f An F-test for equahty of the regression slopes gives F = 1,64, P = 0,185, ]
EAn F-test for equality of the regression intercepts gives F = 39.41, = 0,000
Reject null hypothesis.
indistinguishable from the pooled correla- lines for Messerschmidia, Scaevola,
tion (Tables 171B and 172B). These re- pandanus leaves, and coconut meat yielded
sults provide justification for using the common results for 137Cs and QOSI‘.
pooled plant-soil regression curve for The individual slopes are statistically
Messerschmidia, Scaevola, and pandanus indistinguishable (Table 171C), but 1
leaves to predict 137Cs and 908r in pan- the null hypothesis that the four inter-
danus ileaves from the respective concen- cepts are equal has to be rejected.
trations in soil. Analysis involving the Thus the pooled plant-soil regression
K
comparison of the individual regression curve cannot be used to predict
-554-
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1375 and ‘OSr in --~conut from those
in soil.

It must be rememzered that the pan-
Thus,

although the pandanus-vs-soil correlations

danus samples are ‘= in number,

are not statistically significant, it is
reasonable to expec: that with a larger
number of samples, -his would not be the
Use of the posied regression line
137 .. 9
Cs and

leaves is a prudent crocedure that leads

case.
for predicting OSr in pandanus
to prediction of somewhat higher values
than those using the individual pandanus
vs soil regression lines, Use of the

pooled regression line implies that with

a larger number of pandanus samples, the
data would tend to fall above the regression
lines of Figs. 135 and 136 and the slopes

of the regression lines would increase.

The close correspondence of the median

concentration factors of 137(35 and 905r

in Messerschmidia, Scaevola, and

pandanus leaves (see Table 170) provides
additional justification for using the pooled

regression,

Statistical Correlations Between Edible

Plants and Indicator Plants — Indicator

plants can also be used as the starting
point for predicting radionuclide concen-
trations in food items. Linear regression
amadysisl’2 was performed to determine
regressions of 137Cs and 90Sr in coconut
meat on those in indicator plants. It was
not possible to determine regressions of
pandanus leaves on other plants because
other plant species were not commonly
sampled at pandanus sampling sites.
Figures 139 and 140 show respectively,

137Cs and 9OSr concentrations in coconut

meat as a ‘unctjon of those in Messer-

schmidia and Scaevola, Linear regression
B2 5,0 Rcaevola,

L, L

analysis reveals significant correla-
tions (P<0, 001) between the logarithms

137
of the

Messerschmidia and Scaevola,

Cs in coconut and those in

Alsoc the

individual regression lines are statistically
In the

a0 . -
case of ""Sr, the analysis reveals a signi-

indistinguishable (see Table 173).

ficant correlation (P = 0, 05) between the
logarithms of the concentration in coconut
and those in Scaevola, but the correlation
between the logarithms of the concentra-
tions in coconut and those in Messer-
schmidia is not significant. The individual
regression lines, however, are statistically
indistinguishable (see Table 174)., Thus,
these results indicate that the concentra-

137

tions of Cs and 9081‘ in Messerschmidia

1000

100 |~ —

o

Concentration in pandanus leaves — pCi /g, dry
S

0.1 1 ‘
0.1 1.0 10 100
Concentration in soil — pCi/g, dry
Fig. 136. Statistical correlation between

OSr in pandanus leaves and

905r in soil.
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Table 173. >Statistical correlation between 1J7CS in coconut meat and 13‘Cs in
indicator plants,
Sample Correlation Level of ]
Plant size coeificient significance InY =A+bln X
tvpe (n) (r) (P) A b
Messerschmidia 19 0.80 <0,001 0. 060 0.652
Scaevola 19 0.70 <0.001 0.404 0.575
pooled 38 0.75 <0.001 0.237° 0.6122

2an F-test for equality of the regression slopes gives F = 0.
regression intercepts gives F

ban F-test for equality of the

and Scaevola may be used for
of the concentrations of these

coconuts growing at the same

prediction
nuclides in

locations.

17, P = 0. 680.
= 0.63, P =0,433,

Statistical Correlations Between Rat

Tissues and Indicator Plants — Rats were

~ 1000 T T T
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|
=
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5
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Q
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C
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8 0.836
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0.1 1.0 10 100
Concentration in soil — pCi/g, dry
Fig, 138. Statistical correlation between

9051‘ in Messerschmidia and

Scaevola and 9OSr in soil.

the only mammals found on the Atoll,
Previous studies by Fall, Medina, and
Jacksons indicate that although the indige-
nous rats of Enewetak are omnivorous,
plant foods predominated in the diet., The

dominant species Messerschmidia

100

T
a Messerschmidia

oScaevola

(@)

o

Concentration in coconut — pCi /g, dry

=
o
1.0 \ -
v =1.27 x0-612
aoa
0.1 | I I
0.1 1.0 10 100 1600
Concentration in indicator plant —
pCi/g, dry

Fig. 139. Statistical correlation between

37Cs in coconut meat and 137

Cs
in Messerschmidia and Scaevola.
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Table 174, Statistical correlation between 9OSr in coconut meat and 908r in

indicator plants.

- \ .
Sample Correlation Level of
Plant size coefficient significance InY = A +b), N
1ype (n) (r) (P) A\b
———— 4
Messerschmidia 14 0.39 N.S.? -2.91 0,438 1
Scaevola 14 0. 54 0.05 -2.85 0,543
Pooled 28 0.46 0.02 -2,89% (4990

aNot significant.

An F-test for equality of the regression slopes givesy F=0,08, P=0. 779,H j
CAn F-test for equality of the regression intercepts gives IF=0.09, P =0,763,

and Scaevola constituted 62% of the diet
of the roof rat and 78% of the diet of the
Polynesian rat., It is therefore reason-
able to regard rats as "model herbivores"
in which the concentrations of radionu-
clides in tissue could be expected to cor-

relate with those in Messerschmidia and

Scaevola,

Table 175 summarizes the transfer
137 90

Cs and Sr to rat

The transfer coefficient is de-

coefficients of
muscle,
fined as pCi/g wet tissue — pCi/g dry
vegetation. They were calculated from

the measured concentrations in rat muscle

and in Messerschmidia and Scaevola

growing at the same locations where the
rats were captured. The water content
of rat muscle was assumed to be 73% on
the basis of current experienée and the

1iterature4. The transfer coefficients to

rat muscle vary widely., The values for
137

90

Cs range from 0.1 to 7, and those for
Sr range from 0, 005 to 1,
137Cs and 9OSr con-

centrations in rat muscle as a function of

Variations of the

those in Messerschmidia and Scaevola are

presented in Figs. 141 and 142, Linear

regression analysis1 of the log-

~558-

transformed data yields the results shown
in Tables 176 and 177,

strontium-90 concentrations in rat muscle

Cesium-137 and

Y e

correlate significantly with those in

Messerschmidia and Scaevola

37cs, P<0.001, Osr, P<o.01),

ther analys'152 yields results that justify

Fur-

the conclusion that the individual regres-
sion lines have equal slopes and equal

intercepts. The resultant pooled regres-
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37 904 . .
ple 175. Relationship berween l3{C5 and Sr concentrations in rat muscle and
indicator plants,

Transfer coefficient,
pCi/g wet muscle =— pCi/g dry vegetation

Cesium=-137 Strontium-90
Plant tvpe No. AMin Median Max No, Min Median Max
esserschmidia 16 0. 097 0.45 5. 68 13 0.0053 0.040 1.28
-gevola 17 0.11 1.12 6,78 13 0, 0048 0,059 1. 04
yoled 33 0. 097 0.73 6,78 26 0,0048 0,043 1.28
, . . 137 .. 137 .
able 176, Statistical correlation between Cs in rat muscle and Cs in
Messerschmidia and Scaevola.
Sample Correlation Level of
Plant size coefficient significance InY=A+blnX
type (n) (r) (P) A b
lesserschmidia 16 0.86 0. 001 0,144 0.773
caevola 17 0.87 <0,001 0. 284 0,801
‘ooled 33 0.86 <0, 001 0.230b 0.783a
An F-test for equality of the regression slopes gives F = 0,03, P = 0,869,
'An F-test for equality of regression intercepts gives F = 0,38, P = 0, 540.
_ . 90 . 90 .
able 177, Statistical correlation between Sr in rat muscle and Sr in
Messerschmidia and Scaevola.
Sample Correlation Level of
Plant size coefficient significance In' Y=A+blnX
type (n) (r) (P) A b
lesserschmidia 13 0.76 <0.01 -2,10 0. 540
caevola 13 0.70 <0, 01 -2,05 0. 557
ooled 26 0.73 <0.001 -2.07° 0. 5462

An F-test for equality of the regression slopes gives F =

0. 01,
An F-test for equality of the regression intercepts gives F =

[
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Fig. 141, Statistical correlation between
Cs in rat muscle and Cs
in Messerschmidia and Scaevola.
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90sr in rat muscle and Sr in
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?gc;n lines thus can be used to predict
Cs and ° Sr concentrations in rat
muscle from those in i\mhmidia or

Scaevola,

. 38
Since OSr can be expected to Concen-
trate in bone, transfer coefficientg of
90

Sr to rat bone were calculated ip the

same manner, 'The weight of bone ash
was assumed to be 38% of wet wexght

The values, shown in Table 178, vary
from 0.2 to 4. Variation of the concen-

trations in bone as a function of those in

Messerschmidia and Scaevola are pre-
sented in Fig. 143, Results of linear
regression analysis are shown in

Table 179,
correlation (P<0,001) between the loga-

rithms of the 90

There is a highly significant

Sr concentrations in rat

bone and those in Messerschmidia and

Scaevola. Furthermore, the individual

regression lines for Messerschmidia and

Scaevola can be assumed to' have equal

Thus the

pooled regression line can be used

slopes and equal intercepts.
to pre-
dict 90Sr concentrations in rat bone from

those in Messerschmidia or Scaevola,

Prediction of Radionuclide Concentra-
tions in Foods

Coconut —. Coconuts were the most ex-
tensively sampled of the edible plants; the
16 islands yielded a total of 23 samples of
coconut meat. If the mean of the radio-
nuclide concentrations in the samples fran
an island group were used to represent
that island group, assessment of radio-
nuclides in coconut would be as follows:
Island group ALICE-IRENE would be basd
on three samples, JANET would be based
on one sample, island group KATE-
WILMA plus LEROY would be based on
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rable 178, Relationship between 7 Sr concentrations in rat bone and indicator
plants,
Transfer coefficient,
pCi. g wet bone = pCi/g dry vegetation
Plant tvpe No. of samples Min Median Max
yiesserschmidia 13 20 0.79 2.53
Vesserschmidia
Scaevola 13 .43 1.22 3.82
scaevold
pooled 26 20 1.03 3.82
- N L 20, . 0., -
Table 179. >Statistical correlation between " Sr in rat bone and " “Sr in
Messerschmidia and Scaevola,
Sample Correlation Level of
Plant size coefficient significance InY =A+binX
type (n) (r) (P) A b
Messerschmidia 13 0. 94 <0, 001 0. 137 0.852
Scaevola 13 0.94 <0, 001 0. 331 0.919
Pooled 26 0.93 0,001 0.256° 0.872%
2An F-test for equality of regression slopes gives F = 0, 23, = 0,635,
ban F-test for equality of regression intercepts gives F = 1,45, P =0, 241.
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Fig, 143. Statistical correlation between

Sr in rat bone and Sr in
Messerschmidia and Scaevola,

five samples (from four islands), and
island group ALVIN-KEITH would be based
The

samples from any island group are rela-

on 12 samples (from eight islands).

tively small in number, and they would
certainly not relate to future harvests,
particularly in the case of the northern
islands where coconut groves will have

137CS

'to be reestablished. Prediction of

and 908r concentrations in coconut for all

island groups is therefore based on the

statistical correlations between coconuts
and soil, These take into account each of
22 coconut samples analyzed. Prediction
of concentrations of the other radionuclides
in coconut is necessarily based on mean

values of the concentration in the samples

from the island group.
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. . 137 - 9
Che concentrations of "Cs and OSr
in coconut meat for each island group

were predicted from the mean soil con-
centrations, determined in the following
manner: FEach of the islands comprising
the island group was assigned the median
concentration for the 0-15 ¢m profile as
listed in Table 15and 16 in the chapter on the
terrestrial soil and radiation survey. If
an island had two listed values (one for
dense and one for sparse vegetation), as
in the case of BELLE, DAISY, KATE,
OLIVE, PEARL, and TILDA,

assigned the lower of the median concen-

1t was

trations calculated for all the profiles
sampled and analyzed. In weighting the
mean concentration toward the areas of
dense vegetation, we are in essence con-
sidering these areas as having more
fertile and highly developed soils and
hence as soils more suitable for agricul-
ture. The mean for the island group was
then computed from the values assigned
Table 180 summarizes

the data on mean concentrations of 137Cs

and 90Sr in soil that were used as the

to each island.

starting point for predicting concentra-
tions in coconut and other terrestrial
plants.
For the relatively high concentrations
137 90
of Cs and

tions in coconut were predicted using the

Sr in soil, the concentra-

median value of the experimentally deter-
mined soil-to-plant concentration factor
(Table 170).

than varying concentration factor seems

Use of a constant rather

not only simple and straightforward, but
also readily acceptable as a concept. Use

of the median value is consistent with the
133 and 134), and

when the concentrations in soil are rela-

observed data (Figs.

tively high, it leads to predicteq cong
en

trations in coconut that are greater
an

those derived from the linear regre

Ssion
expression, For the relatively 1oy Con-
centrations of ‘Cs and 90 Sr in soil,

concentrations in coconut were predicteq
from the linear regression expressiong
(Tables 171 and 172).
The above procedure for predicting
"Cs and 90 Osp concentrations in coconyy
meat can be summarized as follows:
I[f Y = concentration (pCi/g) in dry coco-

nut meat and X = concentration (pCi/g) in

dry soil,
137
(1) X< 4.7pCi/g
0nY =0.847 +0.620n X Y =233x0:620
(2) X=4,7 pCifg Y=1.3X
9081‘:

(1) X<4. 3 pCi/g

nY =-3,01+0.482nX Y =0,049X
(2) X=4, 3 pCi/g Y =0.023X
These relationships are show‘n as the
133 and 134.

0.482

solid lines in Figs.

Coconut Milk — In the absence of defini-
tive data it is reasonable to expect that
the distributions of 137Cs and 9OSr in
meat and milk of coconut would be similar
to those of their stable element counter-
parts potassium and calcium. Thus, the
OSr in land plants from Bikini
Atoll appeared to depend on the amount of

calcium present4. Table 181 lists stable

amount of

potassium and stable calcium concentra~
tions in coconut and other edible and indi-
Table 181 indicates that

for fresh coconut the potassium concef”

cator plants.

tration is somewhat greater in meat,

.

[sla

Isle

Isl¢
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Table 180. Mlean concentrations of “OSr and 13'Cs in Enewctak solils.
1an Concentration in top 15 c¢m,
sion pCi‘e
on- HOSP 137CS
jsland group ALICE-IRENE
ted
ns 1. ALICE 80 36
2. BELLE (dense median) 123 48
3 3. CLARA 65 26
Snut 4. DAISY (mean) 108 11
5. EDNA 16 4.2
~o- 9. IRENE 30 3.2
1) in NMean 75.3 21.4
Island group BELLE
9. BELLE (dense median) 123 48
320 Island group JANET
10, JANET 44 16
[sland group KATE-WILMA + LEROY
11, KATE (mean) 43.5 13.1
).482 12, LUCY 32 11
13. PERCY 13 0.9%4
14, MARY 29 9,0
15, NANCY 36 12
90 . 137 -
16. OLIVE (" Sr dense median, Cs mean) 22 7.65
o 17. PEARL (mean) 28.2 12.4
defini-
. 18. RUBY 12 1.4
a
19, SALLY 3.4 3.0
1
. 20, TILDA (mean) 19,2 4.9
milar
or- 21, URSULA 6.8 1.7
22. VERA 6.3 2.0
the
. 23. WILMA 3.3 1.3
kini
43, LEROY 11 3.2
nt of
able Mean 19,3 6.00
itra~
indi- Island group ALVIN-KEITH
at 33. DAVID, 35.ELMER, 37. FRED 0.41 0.21
-en” All others (14 islands) 0.52 0.14
Weighted mean 0.50 0.15
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Table 181. Stable potassium and stable calcium content of seiected edible and

1 H [
indicator plants,

Concentration”,
Observation meg g dry Referenc,
Plant type Source ) K Ca
Breadfruit Marshall Is. 1951 - 0.85 19
Breadfruit Caroline Is. 1951 - 0.70 19
Breadfruit Panama 1966-67 32 2.2 29
Breadfruit Colombia 1966-~67 26 2.1 29
Breadfruit Handbook data 15 1.1 6
Coconut meat Bikini T 1964 - 0.71 4
Coconut meat Handbook data DL 0.26 6
Coconut milk Handbook data 25" 3.4C 8
Coconut meat Enewetak 1972~73 7.503)° 0. 24(10) This study
Pandanus fruit Rongelap I 1958-63 - 6.1(23) 10 A
Pandanus leaves Rongelap I 1958-63 - 13 (66) 10
Pandanus fruit Eniaetok I, Rongelap 1958-63 - 3.3(9) 10
Pandanus leaves Eniaetok I, Rongelap 1958-63 - 12 (12) 10
Pandanus fruit Kabelle I, Rongelap 1958-63 - 9. 2(6) 10
Pandanus leaves Kabelle I, Rongelap 1958-63 - 2 (8) 10
Pandanus fruit Bikini [ 1964 - 17 4
Pandanus leaves Bikini I 1564 - 17 4
Pandanus fruit Enewetak 1972-73 16(2)b 4.4(1) This study
Pandanus leaves  Enewetak 1972-73 11(9)b 12.6(9) This study
Tacca whole corm Rongelap 1958=61d 6.3(3) 6.0(6) 10
Tacca peeled {
corm Rongelap 1958-619 1.003) 1.13) 10 '
Tacca peels Rongelap 1958-61 19 (3) 5.4(3) 10
Tacca processed Rongelap 1958-6 ld 0.14D 0.41(2) 10
Tacca whole corm Bikini 1964 - 5.0 4
Tacca whole corm Enewetak 1972-73 8. 0(1)b 9. 8(1) This study
Cassava root Panama 1966-67 11 1.5 22
Cassava root Colombia 1966-67 12 1.0 22
Tapioca Handbook data 0.18 6.10 6
zThe number shown withi.n parentheges is the number of samplgs, 40
pzhe stable K concentration was estimated from the concentrations of ~ K, ) )
~'lhe concentrations ot stable K and stable Ca in fresh coconut meat are 2. 56 mg/g ano
(Y)‘;iinrﬁg;‘/’g;“respectiVely. In fresh coconut milk they are 1.47 mg/g and 0, 20 mg/&.
’AI‘;);ytbavc;;:'aust;mples from Rongelap Atoll were collected from the islands of Rongelap,
Eniaetok, and Kabelle,
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Table 181 {(continued).

. _a
Concentration™,

Observation mg/g dry Reference

Plant type Source N Ca
Messerschmidia

basal leaves Bikini 1964 - 52 4
Messerschmidia

terminal leaves Bikini 1964 - 35 4
Messerschmidia

leaves Enewetak and Bikini 1964 a,. 931 23(31) 24
Messerschmidia

leaves Enewetak 1972-73 14(58)b - This study
Scaevola basal

leaves Bikini 1964 - 23 4
Scaevola

terminal leaves Bikini 1364 - 19 4
Scaevola leaves  Enewetak 1972-73 16(56)®  39(6) This study

8The number shown within parentheses is the number of samples. 0

The stable K concentration was estimated from the concentrations of K.
CThe concentrations of stable’ K and stable Ca in fresh coconut meat are 2. 56 mg/g and
0.13 mg/g, respectively. In fresh coconut milk they are 1,47 mg/g and 0. 20 mg/g,

respectively.

The tacca samples from Rongelap Atoll were collected from the islands of Rongelap,

Eniaetok, and Kabelle.

while the calcium concentration is some-
what greater in milks, but the concentra-
tions in meat and milk differ by less than
a factor of two.

Table 165 lists the concentrations of
the radionuclides measured in milk and

meat of coconuts in this survey. The data

are too few to allow for statistical analysis, |

and they show an inconsistent pattern of
137Cs distribution. Concentrations of
137 . .

Cs are greater in meat in samples from
DAISY, JANET, and NANCY, but they
are greater in milk in the samples from
MARY and DAVID. Strontium-90 concen-
trations are lower rather than higher in

milk in all samples,except possibly those

from DAVID. In view of these considera-

tions, it seems reasonable and expedient

to assume for purposes of prediction that

37 90 .
Cs and " Sr in

fresh meat and fresh milk are the same,

the concentrations of 1

It is interesting to note that the average

137Cs concentrations in meat and milk

from coconuts sampled at Bikini Atoll in
1969 were comparable to within 10-15%7.
Wet-weight concentrations of radionuclides
were calculated from the dry-weight con-
centrations, assuming 50 and 95% as the
water contents of fresh coconut meat and
fresh coconut milk, Both of these values

are consistent with literature values

and with laboratory records,




Pandanus Fruit — Although pandanus

was found on 10 islands, samples of fruit
could only be obtained from BELLE and
KEITH. These fruit samples seem to
display soil uptake patterns for 137Cs and

9OSr that are similar to those displayed

by the leaves. Figure 144 shows the varia-

tion of the 137Cs concentrations in fruit

and leaves as a function of that in soil,
and Fig, 145 shows comparable data for
9081‘. Fruit and leaves of pandanus seem

to display similar soil uptake patterns

r 137Cs and 90Sr, and the concentration

fo
factors of fruit are within the range of
the concentration factors of leaves (see
Table 170).

As Table 182 indicates, data on radio-
nuclide content in fruit or leaves of pan-

danus from previous radiological survevs
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Fig. 145. Correlation of “OSr in edible

plants with 9OSr in soil.

of Bikini and Enewetak were limited to

just a few samples4’ 7—9.

It was our good
fortune to be provided with unpublished
data on the radionuclide content in fruit
and leaves of pandanus sampled during
radiological surveys conducted by the
University of Washington on Rongelap

Atolllo. Table 183 summarizes the

. . 1
availabie data on concentrations of 13 Cs

and 20Sr in fruit and leaves of pandanus
from the same site on Rongelap10 and
elsewhere4. The two sets of pandanus
fruit and leaves from the current survey
are included in the table.

Inspection of Table 183 leads to the
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Table 182, Average radionuclide content of pandanus and tacca collected on previous surveys at Bikini and Enewetak,

Concentration, pCi/g wet

Pandanus Tacca . Reference
Fruit l.eaves Corm Processed arrowroot
Year Nuclide Bikini Enewetak Bikini Enewetak Bikini Fnewetak Bikini Enewetak
1964 60, 0.12° 4
Vg, gadsc© 24 € - 0.068 4
905+ 9300 su 7200 su® 6000 su“ 4,8
1065, . 1. 8% 4
| 13705 3.12 180° 502 4
5 1967
v 0gr 19 (4-45) . 0. 17 9
B7cs 52 {14-90) 92 (15-170) 9
19609 Wgp 282 | 2.4% 0, 4" 7
1370 130(26-400)°
87 0.6(0. 4-1, 1;2 O P 7

®Bikini Island.
Enyu Island,
gWater content of pandanus and tacca corm is assumed to be 80%,
1 SU (strontium unit) is equal to 1 pCi 9OSr‘/g Ca,
ePrepared according to the Marshallese method of preparation by grinding, rinsing three times with salt water and once
with fresh water,




Table 183. °9Sr and *°7Cs in fruit and leaves of pandanus.
Concentration, pCi/g dry
QOSr 137CS
Date Location Fruit Leaves Fruit Leaves Reference
Aug, 1958 Rongelap Atoll
Eniaetok 6.0 25 230 78 10
Kabelle 6.0 34 309 346 10
Sept. 1959 Rongelap Atoll
Rongelap 12,0 14 160 100 10
Rongelap 152 48 10
Eniaetok 7.1 19 360 82 10
Eniaetok 9.0 38 226 105 10
Kieshiechi 30.0 92 422 97 10
Mellu 7.1 29 298 50 10
Gejen 30.0 54 991 111 10
Aerik 21,0 65 620 496 10
Tufa 5.8 11 126 42 10
Aug, 1963 Rongelap Atoll
Rongelap 170 58 10
Rongelap 6.6 11 44 212 10
Rongelap 140 622 10
Eniaetok 15.0 45 260 67 10
Kabelle 220 170 10
Aug, 1964 Bikini Atoll
Bikini 160.0 128 4
Oct, 1972- Enewetak Atoll
Feb. 1973 Bogombogo  206.0 391 923 679 This study
(BELLE)
Giriinian 0. 86 0.57 This study
(KEITH)

a . . .
Mean of concentrations in terminal and basal leaves.
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conclusion that the concentration of Cs

in pandanus fruit can be expected to ex-
ceed that in leaves, while the concentra-
tion of 905r in pandanus leaves can be
expected to exceed that in fruit, Thus, if
a quantitative relationship can be estab-
lished between the concentrations in fruit
and leaves, it would be possible to pre-
dict future concentrations of radionuclides
in pandanus fruit using the data obtained
{rom pandanus leaves.

The Wilcoxen matched-pairs, signed-
ranks test11 was used to determine the
appropriate conversion factors to be used

. 7
with the 295r and 13

Cs concentrations in
pandanus leaves to determine those in fruit,
In this nonparametric test, signed differ-
ences between concentrations in fruit and
leaves are determined, and the differences
are ranked according to absolute value,

The ranks of like sign are then summed,
and the lower sum of the like-signed ranks

is compared with an appropriate critical
value from a special table, If the ob-

served sum is equal to or less than this
critical value for a particular significance
level, the null hypothesis may be rejected
at that level of significance.

Tables 184 and 185 show the results of
Wilcoxen test carried out on the matched

137Cs and '(JOSr concentrations

pairs of
listed in Table 183. A series of values
was tested to determine the appropriate
conversion factors for the two nuclides.
Table 184 indicates that if the concentra-

tions of 137

Cs measured in pandanus
leaves were increased by any factor from
2 to 3.5, the resulting concentrations
would be statistically indistinguishable
from those in fruit. A conversion factor

of 2,5, which gives essentially equal sums

’

ot minus and plus ranks has been adopted
in this evaluation; i.e,, the 137(35 concen-
tration in pandanus fruit is assumed to

be 2.5 times that in pandanus leaves. In
the case of 90Sr, Table 185 indicates that
if the concentrations measured in pandanus
fruit were increased by any factor between
2 and 3, the resulting concentrations
would be statistically indistinguishable
irom those in leaves, A conversion factor
of 2,5, which gives essentially equal sums
of minus and plus ranks, has been selected,
Thus the concentration of 9OSr in pandanus
fruit is assumed to be 40% of that in pan-
danus leaves,

The concentrations of 137Cs and 9OSI‘
in pandanus leaves for each island group
were predicted from the mean soil con-
centrations in essentially the same manner
described for coconut, The mean concen-
trations in soil listed in Table 180 were
used as the starting point, When the soil
concentrations were relatively low, the
statistical correlation between pooled
pandanus leaves, Messerschmidia, and
Scaevola and soil (Tables 171B and 172B)

was used for prediction, When the soil

concentrations were relatively high, the
median of the experimentally determined
soil-to-plant concentration factors

(Table 170) was used. The median values
chosen for the concentration factor in the
137¢s and

Sr. The relationship used for

pooled plants were 5.2 for
1.0 for 90
predicting concentrations in pandanus
leaves from those in soil are represented
as solid curves on the graphs showing
Messerschmidia and Scaevola vs soil
(Figs, 137 and 138),

The concentrations of 137Cs and 905r

in pandanus fruit were subsequently pre-
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Table 184. Relationship between 127 Cs concentrations in fruit and leaves of pandanug
Wilcoxen matched-pairs, signed-ranks test (Ref. 11)?
X = pCi/g dry fruit Y = pCi/g dry leaves
Samples Sum of Sum of Conclusion about
tested minus ranks plus ranks null hypothesis (H,)
(2-) (2)
X-Y 3 168 Reject H,, P< 0.005; X>Y
X-1.5Y 40 131 Reject H,, P =0.025; X > 1,5Y
X-2Y 64 107 Not rejected; X = 2Y
X-2,9Y 86 85 Not rejected; X = 2,5Y
X-3Y 97 56 Not rejected; X = 3Y
X-3.5Y 127 44 Not rejected; X = 3.5Y
X-4Y 139 32 Reject H,, P< 0.01; X< 4Y
2This table summarizes the results from the Wilcoxen test using the 18 pairs of data
listed in Table 183.

ionship between

0 P P - . .
Sr concentrations in fruit and leaves of pandanus,

Wilcoxen matched-pairs, signed-ranks test (Ref. 11)®

X = pCi/g dry fruit Y = pCi/g dry leaves
Samples Sum of Sum of Conclusion about
tested minus ranks plus ranks null hypothesis (HO)

[ [ T \

\ 2°) \ 2%
Y-X 11 54 Reject H,, P < 0.005; Y>X
Y-1.5X 17 88 Reject H , P < 0.025; Y> 1.5X
Y-2X 36 69 Not rejected; Y = 2X
Y-2,5X 53 2 Not rejected; Y = 2,5X
Y -3X 60 Not rejected; Y = 3 X
Y-3.5X 89 17 Reject H, P < 0.025; Y< 3.5X

%This table summarizes the results from the Wilcoxen test using the
listed in Table 183,
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jicted from those inldeaves using respec-
tive conversion factors of 2,3 and 0. 4.
The overall procedure for predicting con-
centrations in pandanus fruit irom those
in soil can be summarized as follows: If
y = concentration (pCi g} in dry pandanus

fruit and N = concentration (pCi’g) in dry

sotil,
137CS:
(1) X< 1.30 pCi/g
fn v - 2.60+0.651 (ax v =13,550:8%1
(2 X=1.30 pCi/g ¥ - 13X
gOSr:

(1) X<6,1 pCi/g

00 Y - -0.617 +0.864nX Y - 0.539X°+ 50
(9 X=6.1 pCi/g Y= 0.4X
Tacca (Arrowroot) — Figure 144 shows

graphically the distribution of 137Cs in
edible plants as a function of that in soil.
Although only one sample of tacca corm
was collected in the current survey, it
seems to fall naturally within the overall
distribution., The concentration factor of
137Cs in this sample is 16, which is
about a factor of three greater than the
median concentration factor in pandanus

.eaves and ten times greater than the
median in coconut (see Table 170). This
sample of tacca also seems to be similar
to the other edible plants as far as uptake
of 905r from soil is concerned (see
Fig, 145). The concentration factor of
9OSr is 0.21, a value intermediate be-
tween 0. 023, the median concentration
factor in coconut meat, and 1.0, the
median concentration factor in pandanus
leaves (see Table 170). Data on tacca

collected in previous radiological surveys

of Bikint and Enewetak are shown in
. . 4,7-0
Table 182 and are relatively few™

Although the data suggest that the 905:‘
concentration in pandanus fruit would ex-
ceed that in tacca corm by more than an
order of magnitude and that the 137Cs
concentrations in the two plant types
would be comparable, it cannot be ascer-
tained that the two plant types were
sampled at the same sites. If comparison
of the 1967 data on tacca corm from
Bikini and the 1969 data on processed
arrowroot from Bikini is valid, it can be

137 Cs content

concluded that most of the
of tacca is lost during processing.
Table 186 shows unpublished data on
the concentrations of 137Cs in tacca and
pandanus leaves from the same sites on
Rongelap Atolllo. The concentrations are
greater in pandanus leaves, but they do
not exceed those in tacca corm by more
than a factor of two, Comparable data on
9OSr in Table 187 indicate that the QOSr
concentration in pandanus leaves can be
expected to exceed that in tacca corm by
a substantial amount. The concentrations
in pandanus fruit and tacca would be more
comparable; perhaps the concentration in
tacca would be somewhat less, If we
assume that the stable K concentration
provides a measure of the relative uptake
of 137Cs, the stable K data of Table 181
suggesf that the uptake of 137Cs into tacca

from soil would not exceed that to pandanus

leaves, Messerschmidia, Scaevola, or

coconut, Accordingly, on the basis of
the stable K data and the Rongelap data,

we have assumed that pandanus leaves

serve as direct indicators for the uptake
137
of

137CS in tacca can be predicted from that

Cs to tacca corms, and that the
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Table 186, Comparison of Cs in tacca and pandanus from the same siteg, 2
Concentration, pCi/g dry
Location Date Tacca corms Pandanus leaveg
Rongelap [ Pit 1 Mar. 1958 47 110
Eniaetok 1 Pit 11 Mar, 1958 140 203
Kabelle I Pit 7 Mar. 1958 182 270

®These unpublished data from University of Washington radlologlcal survey at

Rongelap were provided by Drs.

in soil using the plant-vs-soil correlation

derived for pooled Messerschmidia,

Scaevola,and pandanus leaves (Table 171B).
Similarly, if the stable calcium content is

9OSr uptake,
90
Sr

to tacca corm and pandanus fruit would

a measure of the potential

one may conclude that the uptake of

be comparable and exceed that to coconut,
On the basis of the stable calcium data
and the Rongelap data, we have predicted
the OSr concentrations in tacca corm
from those in soil, assuming that concen-
tration in tacca and pandanus fruit would
be the same,

Unpublished data on tacca from the
University of Washington radiological sur-
veys on Rongelap10 have also provided us
with information on expected reductions

137

in the Cs and 90

Sr dry-weight concen-
trations from the processing of tacca into
arrowroot starch, The 137Cs concentra-
tion would be reduced by a factor of 50 or
greater, and the 908r concentration would
be reduced by a factor of 20 or greater.
Stable potassium and stable calcium ex-
perience similar reductions (see Table 181),
On this basis the concentrations of 137Cs
an 905r predicted in tacca corm are re-

duced by factors of 50 and 20 to give the

A. H. Seymour and E. E. Held!

"cs ang 90

dry processed arrowroot starch,

final concentrations of 13 Sr in
The overall procedure for predicting
37Cs and 90Sr in
arrowroot starch from those in soil can
If Y =con-
centration (pCi/g) in dry arrowroot

the concentrations of

be summarized as follows:

starch and X = concentration (pCi/g) in

dry soil,
137,
() X< 1.3 pCi/g

n Y=-2.22+0.851X Y -=0,108x°-3%1
(X=1.3 pCi/g Y = 0,10X
90Sr:
() X< 6.1 pCifg

fn Y--3.61+0.836 X Y =0,027x°-836
(22X =6.1 pCi/g Y =0.020X

Breadfruit — Breadfruit was not ob-
tainable on this survey. The data of
Table 181 indicate that stable potassium
concentration in breadfruit is relatively
high, greater than that in coconut or tacca
and comparable to or even greater than
that in Messerschmidia, Scaevola, or
The data of Table 181
also indicate that the stable calcium con”

pandanus fruit.
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Table 187. Comparison of 9OSr in tacca and pandanus from the same sites.

Concentration, pCi/g dry

{.ocation Date Tacca corms Date PPandanus leaves Datc IPandanus fruit
Rongelap | Pit 1 Mar. 1958 3.2 Aug, 1958 47
Eniaetok | Pit 11 Mar. 1958 3.1 Mar. 1958 42 Mar, 1958 10
Aug. 1958 41
Sept. 1959 9
o Sept. 1961 6.9
& Aug. 1963 45 Aug. 1963 15
| Eniaetok I Pit 10 Sept. 19569 g
i Sept. 1961 16.7
Kabelle 1 Pit 7 Mar, 1958 4.9 Mar. 1908 306 Mar. 1958 17
Sept. 1959 26
Sept. 1961 20 Sept. 1961 40°
Mar. 1963 26
Aug. 1963 26 Aug. 1963 15

AThese unpublished data from Universi?' of Washington radiological surveys at Rongelap Atoll were provided by
Drs. A, H. Seymour and E, E. Held!l0,
Mean of concentrations in terminal and basal leaves.




centration in breadfruit is relatively low;
lower concentrations are listed only for
coconut, In the absence of additional
data, we have assumed that uptake of
137Cs and 908r will be proportional to

the concentrations of stable potéssium

and stable calcium. Therefore, for pre-
dicting 137Cs and 905r concentrations in
breadfruit, we have assumed that bread-
fruit and pandanus fruit will experience
the same uptake from soil and have simply
adopted the same procedure described
previously for predicting 137Cs and 9051‘
concentrations in pandanus fruit from

those in soil.

Birds — Birds were captured in num-
bers on 18 islands distributed over all
sections of the Atoll. The mean of the
radionuclide concentrations in the samples
from each island group were used to rep-
resent the island group. Since both muscle
and liver are consumed as food, radio-
nuclide concentrations in both muscle and
liver are presented in Table 167, The

average concentration in edible bird flesh
was computed from these data, assuming

that the weight of muscle consumed is
six times that of liver, a relationship de-

rived from laboratory records,

Bird Eggs — Common noddy or sooty
tern eggs were collected on eight islands
distributed more or less throughout the
Atoll.

the samples from each island group (see

The mean of the concentrations in

Table 168) was used to represent the

group.

Coconut Crabs — Coconut crabs were

captured on only five of the southern

islands. The means of the concentpa,“m\
in the four samples from BRUCE,
JAMES, and KEITH were used to re
the southern island group (Group E,
ALVIN-KEITH), and the concentrations i,

the samples from LEROY was used tq rep-

LENY

Presan

resent island group KATE-WILMA ang
LEROY.

be captured elsewhere on the Atoll, we

Since coconut crabs could net

conclude that only the southern islands
would yield coconut crabs in numbers gyi-
ficient to contribute substantially to the
diet., Both muscle and hepatopancreas
are consumed as food. Laboratory re-
cords indicate that the dry weights of
hepatopancreas (and associated tissues)
and muscle are about the same, The con-
centrations of radionuclides in coconut
crab were therefore computed from the
concentrations listed in Table 169, assum-
ing equal contributions from hepatopan-

creas and muscle,

Livestock and Poultry — Although

37Cs is the radionuclide that would be

1

most effectively transferred to man via
meat and poultry, this pathway would still
contribute significant quantities of 905r to
the diet. 137Cs and 90Sr

concentrations in pork and chicken has

Prediction of

been based on data obtained from rats.
Table 188 summarizes data on the trans-

137Cs in muscle of

fer coefficient of
herbivores that provide meat for human
consumption, calculated from environ-
mental data reported for cattlelz, sheep,
and deer'°. The transfer coefficient is
defined as pCi/g wet tissue — pCi/g dry
feed. Included in Table 188 are the trans-
fer coefficients for rock ptarmigan and

willow grouse14, two herbivorous game
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Table 188, Behavior of 1'37Cs in the plant-herbivore-meat pathway.

Transfer coefficient
nCi/kg wet muscle = pCi/kg dry forage

Range

L.ocation Observation No, Min Max Mecan Reference
Fort Collins, Colo, Dry-lot and pasture-fed cattle 17 0.049 0.57 0.2510. 15" 12
Mendocino County, Calif, Sheep, age 4 mo 4 0. 13b 0. Bfib 0. lf’h 13

Sheep, age 16-17 mo 4 0.10"  0.15" 0. 12"

Sheep, age 40-41 mo 4 0.23”  o.52” 0.27"

Deer (Columbia black-tailed), age 4 mo 4 0.217  0.36" 0. 26"

Decr, age 16-17 mo 5 0.17"  o0.41” 0. 26"

Deer, age 40-41 mo 5 0.087”  0.32" 0.17"
Lapland, Finland Rock ptarmigan 2¢ 0. lﬁd 0. 24d 14

Willow grouse 2 0. 2f)d 0. .'3:3(l

8Mean value t 0.

bTransfer coefficients were calculated assuming that dry weight of forage equals dry weight of ruminal contents and
that wet weight of muscle equals 3. 5 times dry weight of muscle.

CPooled samples each composed of 6-15 specimens,

dThe concentration in dry crop contents was assumed to be the concentration in dry forage.

&



birds., Table 189 summarizes transfer
coefficients of 137Cs in rat organs calcu-
lated from data on rats and indicator
plants reported for previous studies on
Enewetak and Bikini by the University of
Washington4 and Bowling Green Univer-
sity15_ It was assumed that the rats and
plants were collected at the same loca-
tions. Except for the transfer coefficient
of 1. 39 reported for Japtan, the concen-
tration factors listed in Table 189 for
rats fell within the range of those listed
in Table 188 for cattle, sheep, deer, and
game birds,

Tracer experiments have demonstrated
a similar pattern of deposition of radio-
cesium in muscle of livestock and poultry.
Hood and Comar16 noted that the relative
concentrations of 137Cs in various tissues
of farm animals 7 days after a single oral
dose were quite similar, When normal-
ized to a common body weight, the rela-
tive concentrations in muscle of cow,
sheep, pig, and hen were 30, 41, 23, and
24, respectively. Although equilibrium
between intake and accumulation in organs
requires a period of time that varies with
species, the equilibrium content in organs
following chronic feeding differs very
little, The equilibrium content of 137Cs
in muscles of rat, rabbits, dogs, and
pigs was found to be 14,5 to 28,5 times
the daily dose17

The basic parameters that influence
the transfer of radionuclides from vege-
tation to muscle of herbivores can be
conveniently described in terms of a
simple model, The radionuclide concen-
tration in muscle can be described by the’

equation:
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Q(t) = quantity of radionuclide in
muscle at time t, day,

fp = fraction of ingested nuclide
deposited in muscle,

I* = quantity of radionuclide ingesteq
daily, pCi/day, and

XE = effective elimination constant,
day_l.

The quantity of radionuclide in muscle at

equilibrium Qeq is:

£
_ B
Qeq - )‘E £l (2)
since
Qeq = mCB and I = JCP, (3a, 3b)
where
m = mass of muscle, g,

CB = concentration of radionuclide in
muscle, pCi/g, i
J = quantity of vegetation ingested :
daily, pCi/day, and )
CP = concentration of radionuclide
in vegetation, pCi/g. ‘
One can substitute for Qeq and I* and Hb-
tain the following expression for the

transfer coefficient

e

CB ) JfB
i A. - (4)
CP MAE

Table 190 presents muscle weight and
daily intake of dry feed in livestock and
rats. Table 191 presents effective half-

lives or accumulation factors of 137Cs in
muscle., The accumulation factor is

obtained from chronic-administration
experiments and is the ratio of the quantity

of radionuclide in an organ to the daily

h
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Table 189, Transier coefficients of Cs in rat or‘gansa,
Transter Refer-
Date Location Rat species Organ Plant species coefficient ence
1964 Enewetak Atoll
Engebi (JANET) Roof rat Muscle Messerschmidia 0.28 15
and Scaevola
Engebi (JANET) Roof rat All All 0.12 4
N. Runit (YVONNE) Roof rat Muscle Messerschmaidia 0.58¢ 15
and Scaevola
Japtan (DAVID) Polvnesian b
rat All All 1.39 4
Bikini Atoll
Enyu (NAN) Polynesian
rat All All 0. 32 4
Bikini (HOW) Roof and
Polynesian
rat All All 0.29 4
1965 Enewetak Atoll
Engebi (JANET) Roof rat Muscle Messerschmidia 0.11 15
and Scaevola
Biijiri (TILDA) Polynesian C
rat Muscle Messerschmidia 0.46 15
and Scaevola
Runit (YVONNE) Roof rat Al All 0.26 4
aTransfer coefficient = pCi/g wet tissue =~ pCi/g dry forage.
Both tissue and plants were low in Cs content.1 7
CMesserschmidia and Scaevola differed widely in 37Cs content.
dose. From Eq. (1) the accumulation combined according to Eq. (4). The fa

factor is
AF = Qeq/[ = fB/xE .

The effective half-life TE is related

to the elimination rate XE through the

relationship Ap = 1ln 2/Tg. Half-lives
were generally obtained from experiments
137

involving single administration of Cs.
Table 191 also lists the resultant
transfer coefficient to muscle when the

data listed in Tables 190 and 191 are

to muscle has been set equal to 0.5 for
Table 191 includes whole-
body values for half-life and accumulation

factor.

the calculation.

In using the exponential retention
for the whole body to represent muscle, .
we are following accepted practice.

The transfer coefficients calculated
for Table 191 are seen to exceed those of
Table 188.

by the difference in character of the two

This difference is explainable

sets of data, Table 188 is representative
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Table 190, Muscle weight and daily intake of dry feed in livestock and rats,

Daily intake of Ratio of daily intake

Muscle weight dry feed to muscle we_ifght

Animal (m), kg (3}, kg/day (J/m), day Referenceg
Rat® 0.12 0.017-0.025% 0.18 5, 25
Beef cattle 180 8-15 0. 064 26, 27
Dairy cattle 160 10-20 0.094 26, 27
Sheep 24 1.2-2 0.067 26, 27
Swine 85 3.1-4 0.042 26, 27
Chicken? 0.7 0.08 0.11 03

%The entries for rat assume a total body weight of 260 g. The 25-g/day daily intake

is based upon the personal experiences of A, J. Silva in the Bio- Medical Division
laboratories at LLL.

DThe entries for chicken assume that about 50% of the total body weight is muscle and
that feeding practice is as described in Ref. 28,

Table 191. Half-lives and accumulation factors of 13le in muscle of livestock

and rats,
Accumulation Transfer
Half-life factor coefficient
Animal (TE), day (AF), day (C’SB/C;) Reference
Rat 13 1.7 29
8.62 1.1 30
g8.92 1.8 25
16 2.9 17
a [ 4
Dairy cattle 17 1.2 31
153’b 1.0 31
Sheep 123-P 0.58 31
172 0.82 32
Swine 293P 0.88 31
23°¢ 0.70 33
16 0.67 17
a
Hen 27 2.1 33

SWhole-body value.
Isotope administered intravenously.
CSlow component,
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of field data. Since not zll of the P9les
associated with vegetation is absorbed in
the gastrointestinal tracry, fracticonal
piological-availabilitv factors are implicit
in the data. The cata or Table 191, on the
other hand, were cerived from tracer
experiments; in these situations the bio-

Y .
“'Cs is character-

[n Table 191 the

logical availability of
istically near 1007,
transfer coefficients of 137Cs to muscle
are two to three times greater in rats
than in swine, Table 175 lists the median
and range of the transier coefficients of
137CS in rat muscle calculated for this
studv, using data from rats and Messer-

schmidia and Scaevola sampled at the

same locations, The median transfer co-
efficient exceeds by a factor of two or

greater the transfer coefficients listed in
Table 1388 for cattle, sheep, and deer.
The considerations enumerated above
lead to the conclusion that the transfer

137Cs to pork is half as

coefficient of
great as the transfer coefficient to rat
muscle,

The transfer coefficients of 137Cs in
Table 188 for rock ptarmigan and willow
grouse muscle are comparable to those
for muscle of cattle, sheep, and deer,

On the other hand, the transfer coefficient
calculated for poultry muscle in Table 191
is about equal to that for rat muscle and
about two times that for cattle and swine,
Surveillance data on 137Cs in the Chicago
diet18 indicate that the 137Cs concentra-
tions in poultry were substantially less
than those in meat when the fallout rate
was relatively high, During the recent
periods of relatively low fallout rate,
137Cs concentrations in poultry and meat

have been more or less comparable (see
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Table 192), [t must be remembered,
however, that poultry raised for com-
merce do not forage but are kept under
We have
assumed for present purposes that the

13‘Cs to rat

shelter and given stored feed,

transier coefficients of
muscle and poultry muscle are equal,

Strontium accumulates in bone rather
than in soft tissues. In repeated oral
administration of 9OSr the accumulation
patterns of 9OSr in skeleton of rats and
swine were similar, with accumulation
factors intermediate between those of
calves and dogs and those of ewes”.
The maximum accumulation factor varied
from 7.2 to 17.5 in the skeleton of rats
and from 10.7 to 17.5 in that of pigs”,
[n the establishment of the equilibrium
state between intake and elimination in
young rats during chronic feeding, the
905r content in the skeleton was 200
times and the concentration 2000 times
greater than in muscle. In old animals
these relationships were 99 and 665,re-
spectively, and in rats on high calcium
diets, 55 and 33317. In pigs the concen-
tration in skeleton was 140 times greater
than in muscle17 In the present study
the ratio of the 905r concentration in rat
bone (pCi/g wet) and that in rat muscle
(pCi/g wet) varied from 3. 0 to 150, with
a median value of 41 (n = 11),

The quotient of the daily intake of feed
and the mass of bone in rat could be ex-
pected to exceed that in swine in much the
same way that the quotient of the daily in-
take of feed and the mass of muscle in rat
exceeds that in swine (see Table 190), If
the accumulation factors to bone in rat
and swine are as Ref. 17 indicates, then

by Eq. (4) the transfer coefficient from

—
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Table 192. 7CS in poultry and mezat from Chicago. &
Concentration, pCi/kg
Date Poultry Meat
January 1970 11 28
April 5} 12
October 0 14
January 1971 0 24
April 8 25
July 6 33
October 10 19
January 1972 10 12
April 13 18
July 22 20
October 9 19
April 1973 4 10

aThe data in this table were abstracted from Ref. 18.

indicator plant to bone for 9OSr‘ would be

greater in rats than in pigs by about a

factor of four. On the other hand, the

data of Ref, 17 also indicate that for the
90 . .

same Sr concentration in bone, the

908r concentration in muscle of pigs

could be expected to exceed that in muscle |

of rats by about the same factor., These
relationships thus provide a basis for
using the 908r concentrations in rat
muscle as a direct indicator for that in
pork, and in the absence of data on the
behavior of 90Sr in poultry, as a direct
indicator for meat from chicken,
Comparison of Figs. 142 and 143 and
Tables 177 and 179 reveals that the cor-

g0

relation between the Sr concentrations

in rat bone and indicator plants is stronger

than the correlation between rat muscle

and indicator plants, Thus the bone ver-
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sus plant correlation, together with the
bone-to-muscle concentration ratio,

could be used to predict 9OSr concentra-
tion in rat muscle from that in Messer-

schmidia or Scaevola. It was not possible

to follow such an approach and develop a
simple, straightforward scheme for

predicting 9OSr in rat muscle and obtain
results consistent with the observed con-

centrations in muscle.

3 90g,

“Cs and

in rat muscle were both predicted from

The concentrations of 1

those in Messerschmidia and Scaevola.

The median transfer coefficients, which
are listed in Table 175, were used with
the higher concentrations in the indicator
plants, and the statistical correlations
between rat muscle and pooled Messer-

schmidia and Scaevola (see Tables 176

and 177) were used with the lower concen”

tration:
ISTCS ‘
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rations in the indicator plants, The
27 , 904 . .
71Cs and Sr concentrations in Messer-

chmidia and Scaevola initially were

redicted from those in soil using the
orrelations in Tables 171 A and 172A or
"ables 171B and 1728 (also see Figs, 127
nd 138) between the concentrations in

lesserschmidia and Scaevola and those

n soil. The mean concentrations in
.0il for the islands of interest are listec
n Table 180,

ions the average concentrations in meat

To simplify the calcula-

.nd poultry were computed assuming
irbitrarily that pork contributes twice as
nuch meat to the diet as chicken,

The overall procedure for predicting
37Cs and 9OSr in meat and poultry from
hose in soil can be summarized as
ollows: If Y = concentration (pCi/g) in
resh meat and poultry and X = concentra-
ion (pCi/g) in dry soil,

1L37CS:

) X< 1.3 pCi/g
In Y =1,15+0.666n X
(29 1.3 pCi/g=X<2.4pCi/g
fn Y =1,12 +0.783 £nX
(3) X=2.4 pCi/g

y =3,15x0-666

v =3.05x0-783
Y =2,53X

)OSr:

) X<6.1 pCi/g

dnyY=-1,91+0.456 n X Y =0.148X
26.1pCi/g =X< 10.7 pCi/g

fn Y =-2,07+0.546 f/n X Y =0.126X
(3)X>10.7 pCilg Y = 0.043X

0.456

0.546

Assessment of the Dosage from Terres-
trial Foods

Methodology — The quantity of radio-
nuclides ingested via terrestrial foods
was computed from the measured and

predicted concentrations according

to the expected‘daily diets listed in
Table 139 of the chapter on dietary and
living patterns. Except for coconut and
arrowroot, the daily intake of the food
items listed in this table refers to the
grams per day of fresh food. The gram-
per-day intakes listed for coconut and
arrowroot refer to the dry-weight intake
of coconut meat (copra) and processed
arrowroot starch, Water content of food
items used to compute fresh-weight con-
centrations from dry-weight concentra-
tions were determined from laboratory
experience or estimated from the litera-

ture., The water content was assumed to

be 50% in fresh coconut meat4’ 6, 19, 95%
6,19 2nd 70% in bread-

Pandanus was initially assumed

in coconut milk
fruitG’ 19.
to be similar to other tropical fruits and
have a water content of 80%6, which was
The

water content was assumed to be 70% in

subsequently confirmed by Ref. 19.

bird muscle and liver on the basis of
poultry data6; it was assumed to be 75%
in eggss, In the case of coconut crabs,
the water content was assumed to be 81%
in 1iver20 and 62% in hepatopancreas21
Evaluation of the potential dose to the
returning population has been structured
on the basis of basic living patterns (see

Table 135) and involves assessment of
the contributions of terrestrial food from

certain islands or island groups:

(A) ALICE-IRENE, (B) BELLE,

(C) JANET, (D) KATE-WILMA + LEROY,
and (E) ALVIN-KEITH, Table 193 lists
the initial concentrations of the radio-
nuclides in the terrestrial foods from
Two ref-

erence dates are shown on Table 193.

these islands or island groups.

The concentrations based on values in
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	22flO 
	9. 2f24 
	1.3flO 
	-NDET 
	CO.9 
	NDET 
	0.71.*17 
	-NDET 
	<0.008 
	NDET 
	-NI)I<T 

	SALLY 
	SALLY 
	UH24 
	53f18 
	-NDET 
	-NDET 
	-NDET 
	< 0.65 
	NDET 
	0.66f19 
	-NDET 
	0. 005+21 
	-NDET 

	TR
	UH25 
	60f2 
	-NDET 
	-NDET 
	0.2f18 
	CO.34 
	NDET 
	0.34*13 
	1. ii*12 
	0.0011rt19 
	-N DF: ‘1 

	YVONNE 
	YVONNE 
	UH26 
	167f9 
	-NDET 
	-NDET 
	-NDET 
	< 0.86 
	NDET 
	0.49*24 
	2. 5523 
	1. 8rt5 
	0.0‘1 f!) 

	TR
	UH27 
	193f2 
	-NDET 
	-NDET 
	0.4f6 
	1.6f22 
	0. 821t5 
	3.7*7 
	2. Gf-13 
	‘0.14 
	NWn’ 
	1, 

	TR
	UH28 
	143f22 
	22f25 
	-NDET 
	-NDET 
	< 3. 3 NDKT 
	r’ 0. 56 Nr>*:r 
	-N1)15T 
	1. lf12 
	0. 1 n t 1:i 
	I) 

	TR
	vc31 
	-NDET 
	25f37 
	l.lf43 
	-NDET 
	-N Ill!:‘1 
	-Nl)lS’I’ 
	0. 4!lf!) 
	-N I )l”l’ 

	& (J,03I 
	& (J,03I 
	vc4 1 VC32 VC42 A2lA A21B A21C A21D A21E A22A 
	i 190f50 152f50 -NDET 1 41f15 
	-NDET 4. 2f23 -NDET c 32fll 16f24 -NDET 17f19 21f12 
	1. 5f34 -NDET 2. lf23 0.6-134 -NDET 1 0. 5f30 
	1 2.6f66 -NDET 
	-NDET 0.033*14 -NDET 0. 18f25 -NI>ET 1O.Ollf22 

	TR
	A22B 
	7. 5i60 
	15f17 
	0.5f35 

	TR
	A22C 
	-NDET 
	15f25 
	0.5*43 

	TR
	A22D 
	-NDET 
	-NDET 

	TR
	A22E 
	c 
	-NDET 
	-NDET 


	aNDET = Not detected (when preceded by a dash, the limit of sensitivity was not established. ) 
	b24 1 
	Am (0. 30f32); 12’Sb (0. 27f24): 103Ru (5. ?‘> 517). 
	Comparison of radionuclides in surface air (fCi/m’) on Enewetak,
	Table 106. 
	Livermore, California, and Balboa, Panama. 
	Remainder of Livermore, Balboa, Panama, Enewetak Calif. , 9”N 79”W, Atoll 1972 1972-1973
	Suclide 
	-<49-193 <6-116 go-250 43-143c
	7w 
	,c 0. 6-2. 1 < 0.14-4.0
	54Im 
	5
	<0.03-O. 3 0.005-O. 4 < 0. 9-8.
	0.4-0.4a 

	g5Zr 
	g5Zr 
	: 5.5-5. 5a NDETb 0.29-3.4

	lO3Ru 
	lO3Ru 
	-0.27-O. 27a XDET 0.04-O. 23

	lz5Sb < 0.9-2. 6 < 0. 2-1. 6 0.14-2. 9
	.106Ru < 0.49-o. 82 ( 0.04-2. 5 0. 63-3. 2 0.09-l. 7
	I37 cs ; 2. 5-3.7 <0.22-1.9 0.24-3. 1 0.7-11.2
	144Ce 
	~0.03-2.6 <O.OOl-0.025 0.01-O. 05 < 0.001-0.030 
	239, 240Pu 

	23gPu 
	< 0.04-O. 13 < 0.0028-o. 008 0.001-0.005 < 0.001-0.003 
	24 1Am < 0.3-O. 3oa NDET NDET NDET 
	“Detected only one sample. bNot detected. ‘Oct. -Dec. 1972 range. 
	fCi/l (see the marine survey data). If Some observations regarding the 40 
	we assume the total K (excepting the climatic conditions which existed during 40
	filter material K) is a normal isotopic the survey may be appropriate at this constituent of ocean water, then we can point. As is shown in Table 104, most calculate an average air mass loading of the air samples were taken during 
	equal to 2 mg/m3. This unusually high the period from November 28 to December mass loading partially clogged the filter 19 (only two samples were taken on FRED media during the sampling. If this total and two on DAVID before typhoon OLGA 
	airborne salt is from CACTUS crater, struck). Wind speeds were almost always then only O. 012 fCi/ m3 of 23gPu can be greater than 10 knots and often greater contributed to the 1. 1 fCi/m3 found in than 20 knots at all sampling locations. samPle UH2 8. We must conclude that In addition, frequent light rain showers another surface source exists because served to keep the ground surface damp. the Oceanborne contribution cannot be Table 107 presents climatological data anY higher than 0. 1% of the total. which
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	and l< r.1. ajalein. It 1s apparent that December represents a iairly average month so iar as total rainfall and rainfall frequency are concerned, l.vhile average wind speeds are higher than those ob-served most of the year. 
	Three IIH1-S 2-l-hr samples were obtained on J=1SET from December 4 to 
	9. LVind speeds ranged from 10 to 20 knots, and rainfall durmg this sampling period was higher than for most days in the Atoll during the survey. Using information from the aerial survey, a sampling location was chosen in the area of highest activity (Fig. 85). This area contained surface contamination in soil, in pCi/g, as follows: 137Cs (av 15, 
	239 
	range 0. 6-1801, Pu (av 8. 5, range 
	l-170), and 6oCo (av 2. 0, range 0. l-6). 
	SALLY Two UHVS 24-hr samples were ob-tained on SALLY from December 13 to 
	15. Rainfall was very low in this interval, and winds were stronger than usual. The sampling location was chosen on the basis of the aerial survey (Fig. 86). Subsequent to the sampling, it was learned that the sampling location was an old Radiation Exclusion (Radex) area which contained surface contamination in soil, in pCi/g, as follows: 137cs 
	239
	(av 3.7, range O-4-30), Pu (av 7, 60 
	range 0.2-130), and Co (av 0.7, range 0. l-69). 
	YVONNE 
	Air sampling using UHVS’ S, VCS’ S, and ACI’s was carried out from December 3 to 19, 1972. The portable UHVS was 
	fielded for t!?ree da_yS 111 :il? area o: 
	highest plutonium SurI’act’ activitv 
	recorded for IT’ONXE (Figs. 87 and ~8) 
	The surface soil has been described 
	previously in connection ivith the soil_ 
	sampling program. 
	\i-inds ivere generally high and gusty 
	of YVONNE, and 
	during the sampling 

	light daily rainfall !vas f‘requent. Ait 
	was sampled downwind from CACTUS 
	crater on December 17-19, using the 
	U HV S . 
	Results and Conclusions 
	_A number of radionuclides were de-
	tected in the surface air of Enewetak 
	Atoll, including 7Be (53 d), 4’K (1.2~ 
	”Y).., 54Mn (303 d). 95Zr (65 db 103~<~~ 
	log

	I_ 
	-r, 
	-r, 
	I\” 

	(39. v). 
	6 d), lo6Ru (1 y), 125Sb (2. 7 
	”
	_ 

	137Cs (30 y), and 23gPu (2. 4 lo4 y), 238 
	Pu (86 y), and 241Am t-158 y). Data 
	for all samples collected are shown in 7
	Table 105. Be and 4o hr are naturally 
	occurring activities. 54Mn, g5Zr , 103Hu, 106Ru 125sb and 144 
	9 > Ce are intermeciialc. lived activation and fission products fount! in current worldwide fallout, but present in Enewetak soils in only very reduced quantities due to radioactive decay over the long period since testing ended. 
	Longer -lived 137Cs, 238Pu, 23gP~ and 241 
	Am in air could result from either 
	local resuspension or from worldwide 
	fallout. 
	The natural 7Be provided convenient 
	order-of-magnitude verification of the 
	accuracy of air volume measurement. 
	7 
	Be is formed by cosmic-ray interactions with l4 N in. the troposphere* and is found 
	::: 
	P. F. Gustafson, M. A. Kerri,$afndand,i 
	S. S Bar, “Comparison of Be Cs13’ Radioactivity in Ground Level ( Air, ” Nature 191 454 (July 29, 1%‘).
	--’ 
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	: 
	d 
	h 
	Table 107. Clima;ological data for Iiwajalein and Enewetaka. 
	‘:L:). 
	Percemaae oi total time at each Wnd-speed interval 
	ii8 60 70 75 p3 9 
	ii8 60 70 75 p3 9 
	ii8 60 70 75 p3 9 

	June-A---__ 
	June-A---__ 
	Julv 
	Aug 
	Sept 
	Ott 
	Sov 
	Dee 
	fiv 

	1 
	1 
	G 
	10 
	16 
	9 
	3 
	1 
	4.2 

	27 
	27 
	49 
	60 
	59 
	63 
	42 
	20 
	34.7 

	70 
	70 
	44 
	29 
	24 
	28 
	53 
	70 
	56. 7 

	2 
	2 
	1 
	1 
	1 
	0 
	2 
	9 
	4.4 

	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	SE 
	SE 
	E,NE 
	E 
	SE 
	YE 
	SE 
	SE 
	--

	64% 
	64% 
	36% 
	31% 
	27% 
	33% 
	55% 
	74O;, 
	--

	each 
	each 

	TR
	Yr. 
	of 

	TR
	Yr--
	record 

	3.37 
	3.37 
	G.4j 
	6.81 
	6.24 
	9.09 
	6.30 
	2.63 
	51.46 
	30 

	7.03 
	7.03 
	15.35 
	14.41 
	13.17 
	18.07 
	17.38 
	9.18 
	69.86 
	13 

	1.33 
	1.33 
	1.313 
	4.22 
	1.53 
	2.60 
	1.94 
	0.8G 
	24.42 
	13 

	1G 
	1G 
	21 
	21 
	20 
	21 
	21 
	1G 
	198 
	lo 

	the 
	the 
	Pacific 
	Islands, 
	H. 
	0. 
	Pub. 
	No. 
	82, 

	1970. 
	1970. 


	which is at nearly the Enewetak latitude. tt The range of 7Be values for Enewetak Atoll, Balboa, Panama, and Livermore, Calif. are in reasonable agreement (Table 106). 
	t?Health and Safety Lab., HASL-276, Appendix, Fallout Program, New York, Oct. 1, 1973. 
	.-
	jtJ4 
	‘P-
	5 
	13 
	fill 
	ata 
	in 
	!y 
	IO3 ,~u 
	ediatc-
	iourlc! ~SCllL ed 
	i.e r 
	Xld 
	r ie 
	ent 
	le 
	t. 
	:tioM ‘oufld 
	, and 
	.,:;;nd speed, 
	5-3 
	4-10 
	::-21 
	12-33 ’ 33 
	prevailing 
	b
	;;?ots 
	xmd 
	;:rection and :requencyb 
	precipitationc 
	,;.;. amount, in. 
	Greatest amount, .a. Least amount, in !&an number oi 
	cays, xore. 
	ac. S. Vol. 
	5
	Wind 
	Wind 
	0.01 in. or Hydrographic 
	Jan Feb \Iar _\o,r x 

	1 1 81 1 
	1 

	15 12 22 29 27 
	15 7 7 ; 3 
	1 0 0 ‘3 0 
	SE NE SE XE SE 
	86% 870; aic, 777 67% 
	1.02 1.84 1.86 1.23 4.57 1.95 10.21 7.33 :,.QE; 3.38 
	0.12 0.40 0.37 0.49 0.37 
	11 10 13 13 16 
	Office, Sailing Directions for 
	1, Second Edition (1964). updated to Dec. 5, data for Kwaialein. 
	‘Precipitation data for Enewetak. 
	in surface air in concentrations of approxi-3t
	rnately 100 fCi/m . We compared our Enewetak data with Livermore, Calif . data** (typically higher due to slower rainout of the condensation nuclei), and with data taken at Balboa, Panama, 
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	10 

	t0ne femtocurie (fCi) equals curie, or 0. 0022 disintegration per minute. 
	P. H.,Gudiksen, 
	J. W. Meadows, Environmental in the Vicinity sore Laboratory, more Laboratory. 
	C. L. Lindeken, and K. 0. Hambv. Levels of Radioactr&ty of the Lawrence Liver-
	Lawrence Liver -Rent. UCRL-51333 
	ESGISEERIYG SURVEY--R_1DlOLc?GIC_AL -ASPECTS 
	0. D. T. Lynch, Jr. Xex.-ada Operations Office l_-. 5. Atomic Energy Commission Las \-egas, Sevada 
	Purpose and Scope 
	-1s part of the Enewetak precleanup s url-ey, the Defense Nuclear Agent) (DSA) contracted with Holmes and Sar:Ter, Inc. (Hand N;) to conduct an engineering survey of Enewetak Atoll in December 1972. The purpose of this survey ivas to identify and examine all existing structures now on the Atoll, pro-vide their descriptions, and develop cost estimates for removal of such structures as part of the cleanup effort. An addi-tional purpose was to develop plans for such a cleanup and the necessary support, includi
	Each island was visited by the engineer-ing team, and each structure was located, examined, categorized, and indicated in the notes and on the drawings. The re-sults of this engineering effort were reported to DNA”’ 
	Radiological support was provided to the engineering survey by a team of AEC and EPA personnel. The purpose of the radiological effort was twofold: 
	••To provide radiological safety support to the engineering team on those islands which had known or suspected radiological hazards. 
	••To survey, evaluate, and report the radiological conditions of the structures and scrap on these islands. 
	‘:‘EnPineering Study for a Cleanup Plan, Enewetak Atoll -Marshall Islands, Holmes and Narver, Inc., Repts. HN-1348.1 and HN-1348.2 (1973). 
	Islands Requiring Radiological Sup o,.t 
	The islands for which radioiogical support u?s required and for \vhich measurements were reported \vere: ALICE, BELLE. CLAR.A, DAISY, EljXiq IRENE, JANET, PEARL, SALLY, and YVONNE. Of these ten islands, five had surface ground zeros (SGZ) and one, EDNA, was little more than a sandbar. The islands of IRENE, JANET, PEARI_, SALLY, and YVONNE had SGZ’ s and thus 
	had possible 
	had possible 
	had possible 
	radiological 
	hazards. 
	The 

	remaining 
	remaining 
	ii\-e islands 
	had received 
	hea,.,, . * 

	close-
	close-
	in fallout. 


	Instrumentation 
	Since the purpose of the radiological to survey structures and scrap, not areas, and to provide radio-logical safety services, instrumentation specific for that purpose was used. A detailed description of each instrument is provided in the Terrestrial Soil and Radia-tion Survey chapter of this report and will not be discussed here. However, it is appropriate to identify at this point the instrumentation used and the reason for the selection. 
	support was 

	During the engineering survey effort the only alpha survey meter available for field use was the PAC-IS. This instru-ment was used only on those islands where surface ground zeros were located. Since this survey was performed at the end of the rainy season, alpha emissions were effectively masked by the moisture on structures and scrap surfaces. For this reason, the alpha survey meter was really only useful for personnel monitoria prior to. leaving a contaminated island, particularly YVONNE. 
	Beta-gamma radiation detection was ! 
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	:,,.,,.;ded by the E-5OOB and Ludlum 
	,lodel 3 survey meter with pancake probe. The E-500B was used for high-range radiatiOn levels (greater than 3mR!hr) and the Ludlum for lower levels of beta and low-energy gamma-radiation emitters on jcrap metal and structures. 
	Low-level gamma exposure rates (less than 3 mR/hr) were measured with the ljaird-_qtomic SCintillator. 
	Execution of the Radiological Support Effort 
	Survey effort Was carried out by Holmes and Narver, Inc., “rider the direction of Earl Gilmore, Project I\llanager, H and N, Las Vegas, Nevada. The radiological support effort was directed by 0. D. T. Lynch, Jr., NVOO, USAEC who was assisted by William E. Moore, James R. Martin, Rex Price, and Jack Thrall of EPA, Las Vegas. 
	The engineering 

	Radiological survey measurements of structures and scrap metal were recorded directly on as-built drawings provided by H and N. These drawings were also used by the engineering team to locate the 
	structures they were examining. 
	As a part of the radiological support Provided to the engineering survey, single Profile soil samples were collected on each of the following islands: IRENE, JANET, PEARL, SALLY, ALICE, BELLE, CLARA, and DAISY. These soil samples were 
	taken to a depth of 40 to 60 cm from don-taminated areas noted during the November aerial radiological survey. The results of analyses of these profile samples are 
	included in the Terrestrial Soil and Radiation Survey data. The locations of these special soil sample profiles are 
	indicated on the ‘If” series of figures in 
	Appendix II. 
	Radiological Results 
	As a result of the radioiogical monitor-ing and safety support, none of the team members received any significant external exposure to radiation. Subsequent urine samples and whole-body counts from selected members of the monitoring team indicated that no detectable exposure was received due to internal deposition of radionuclides. 
	Scrab and Structure Survev 
	Contaminated structures and activated: contaminated scrap were found on a number of islands. The locations of his scrap and the contact exposure rates measured are indicated on the as-bui t drawings that follow (Figs. 89 throug h,113, inclusive). Area exposure rates and approximate isopleths are also shown, so that a simple comparison can be made between scrap radiation levels and the surrounding “background. ” 
	In many cases, the contact exposure rate was not significantly different from the surrounding area exposure rate. In this situation, the determination of whether or not the scrap was contaminated was inconclusive. This determination could be made only if the scrap were to be removed from the high background area and resurveyed. Such a procedure was not considered warranted at this time. Rather, it is suggested that the scrap be assumed contaminated if it rests in an area where exposure rates are, say, great
	Radioactive scrap conditions are sum-marized in Table 108, on an island-by-island basis. In general, the scrap found on ALICE, BELLE, CLARA, DAISY, and EDNA is apparently not con-
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	Table 
	Table 
	Table 
	108. 
	Radioactive 
	scrap 
	conditions 
	by 
	island. 

	Island 
	Island 
	Rela;;-:e scrap i;ua.c*ttieq. I Sign:i.cant 
	Scrap radioactivity iipparently not con-taminated above background. 
	Remarks -Background is up to-170 uRihr. &-I hl-bopt wreck on beach reads 8 mR/hr. 

	BELLE 
	BELLE 
	Insigr.:iicant 
	Apparently not con-taminated above background. 
	Background 250 lR/hr. 
	up to 

	CL.IR_4 
	CL.IR_4 
	Insizrlficant 
	-4pparently not con-taminated above bat kgr ound. 
	Background 100 DRihr. 
	up to 

	DAISY-
	DAISY-
	1nsigr:iicant 
	Apparently not con-taminated above background. 
	Background 140 pR/hr. 
	up to 

	EDSA 
	EDSA 
	Sone 
	Not 
	applicable. 
	Sandbar 

	JASET 
	JASET 
	Large 
	Up 
	to 
	8 mR/ hr. 
	Activated scrap metal in all sizes can be found in piles or indi-vidual pieces Scattered over the island. 

	PEARL 
	PEARL 
	Smali 
	Up 
	to 
	5 mR/hr. 
	Confined 
	to 
	SGZ 
	area. 

	SALLY 
	SALLY 
	Large 
	Scrap metal up to 120 pR/hr; concrete su faces, alpha to 105 dpm/50 cm2. 
	Most scrap metal is apparently not con-taminated. Several structures contain plutonium-contaminated debris. 

	YVONNE 
	YVONNE 
	Large 
	Activated/contaminated to 60 mR/hr. 
	Most scrap metal is activated or contam-inated. Also much plutonium contamina-tion. 
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	Fig. 89. Scrap and structure radiation measurements, ALICE, WEST. 
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	Fig. 94. Scrap and structure radiation measurements, HELEN and IRENE. 
	Figure
	., 
	KEY Approximate isopleths for area 
	D 

	A 
	exposure rate from EG&G aerial survey 
	Scrap and structure contact exposure rates in pR/hr, unless otherwise noted. 
	Fig. 35. Scrap and structure radiation measurements, HELEN and IRENE. 
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	Fig. 99. Scrap and structure radiation measurements, JANET. 
	Figure
	Approximate isopleths for area exposure rate from EGJlG aerial survey. 
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	Fig. 103. Scrap and structure radiation measurements, JANET. 
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	Fig. 110. Scrap and structure radiation measurements, YVONNE. 
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	Figure
	LAGOON 
	KEY Approximate isopleths for area 
	\ 
	exposure rate from EG&G aerial survey. 
	Scrap and structure contact exposure rates in pR/hr, unless otherwise noted. , ,I ” 111, 
	Fig. 112. Scrap and structure radiation measurements, YVONNE. 
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	Figure
	,,inated abox-e :.he area Sackground
	:j:,, ,,,?,,els (up to ‘30 UR !:r), ti at all. The >:?;?- exception appears to be the wrecked .,:-boat on the east end oi the lagoon _?ach oi -ALICE. The contact exposure :.ate measured on this scrap was asout 
	:, mKihr. The isiand oi JASET has large quanti-[!es of radioact!\-e scrap metal and debris <,.attered all o\.er ii. Contact exposure rate measurements oI‘ up to 8 mR ‘hr were ,hserved at the old ITElI SGZ on the north end of the island. Sear the EXSY _GZ, scrap piles and indil-idual pieces of metal read several mR ‘hr. structures on the island exhibit some residual surface con-tamination (below lOOwR/ hr) which seems to be on the SGZ-oriented and upper sur-faces of the concrete. PEARL has a small quantity o
	contain plutonium-contaminated debris. At least six such structures have been identified. 
	The most contaminated island in the .ltoll is YVONNE. Large quantities of scrap metal are found on the beaches, the ocean reef, and in the interior of the island. Nearly all of this scrap is activated and/or contaminated. A very large pile of scrap metal near the 
	The most contaminated island in the .ltoll is YVONNE. Large quantities of scrap metal are found on the beaches, the ocean reef, and in the interior of the island. Nearly all of this scrap is activated and/or contaminated. A very large pile of scrap metal near the 
	ERIE SGZ, just north oi the airstrip, exhibited contact readings of 60 mR,ihr. 

	Concrete structures on Y\-ONNE, north oi the airstrip, exhibit surface contamtnation with leve!s of several hundred uR /hr. South of the airstrip, scrap metal and structures do not appear to be contaminated. 
	Limitations on Results 
	Although the H&N Engineering Survey was thorough, there are several limita-tions which must be placed on any inter-pretation oi this evaluation of radioactive scrap and structures: 
	a It must be kept in mind that the survey covered only structures and scrap which were on the surface, visible and accessible. No attempt was made to search for any buried scrap or unknown structures. No known buried contami-nated debris was unearthed or surveyed. 
	Except for grossly obvious structures, only structures which appeared on the H&N as-built drawings were examined. 
	If a precise estimate or evaluation of the amount of radioactive scrap is de-sired, it must be realized that it was not possible to survey each piece of scrap nor seek out the location of all scrap piles. Therefore, additional radioactive scrap may still be hidden in the dense vegetation. 
	Conclusion 
	Scrap-metal debris found on those islands which did not have surface ground zeros is probably not contaminated to any significant degree. The only exception to this would be the wrecked M-boat on ALICE, which presumably drifted there 
	-425-
	after a test. 
	Scrap metal on those isiands ..l:hich had SGZs was found to be radioacti,;e to some degree. Some of this scrap was rontamin-ated or activated to levels as high as 60 mR!hr. 
	The possibility of having buried scrap is 
	It should
	It should
	very real on the SGZ islands. 

	not be overlooked when developing cleanup 
	estimates for Enewetak Atoll. 
	_XNAL\-TICAL PROGRAM 
	R. \V. Hoff, J. WV. Aleadows, 
	H. D. !f:ilson, A. L. Prindle, 
	R. Gunnink, and K. 0. Hamby Lawrence Livermore Laborators Livermore, California 
	Introduction 
	More than 5000 samples were collected during field operations of this survey, and approximately 4500 samples were selected for analysis. This chapter describes the analytical program required to provide measurements of significant nuclides in these samples. A breakdown of the samples submitted for analysis is given in Table 109a. 
	Sample treatment can be described in 
	a general way as consisting of three 
	phases: initial processing, gamma 
	counting, and so-called “wet-chemistry” 
	analyses. The latter phase involved dis-
	solution of a sample, followed by chemical 
	isolation of specific elements and radia-
	tion counting of elemental samples. 
	For most samples, initial processing 
	consisted of selecting appropriate parts 
	of a field sample, drying, homogenizing, 
	and packaging. The selection process 
	was provided by dissection of fish, rats, 
	birds, etc., whereas it was unnecessary 
	for soil samples. Drying was acco 
	lni~iis~ 
	lni~iis~ 
	lni~iis~ 

	by heating 
	by heating 
	in ordinary 
	Ovens 
	for 
	soils I, 
	__ 

	vegetation, 
	vegetation, 
	and fish 
	specimens, 
	or 
	by the 

	freeze-dry 
	freeze-dry 
	process 
	for 
	rat, 
	bird, 
	and 


	crab samples. During initial processing, samples were converted to priate for gamma counting. 
	All of the samples were counted on Ge(Li) detector systems to determine their gamma-emitting constituents. 
	Most of the samples were put through a wet chemical analysis, either by destructive analySiS Of a sample which had been gamma-counted first (as was the case for most of the fish, vegetation, animal and air-filter samples) or by suh_ mission for wet chemistry of a separate aliquot of sample (as was the case for most of the soil samples). The latter approach required reasonably homogeneour samples at the end of initial preparation. Minor exceptions to this general scheme of treatment are the seawater samples,
	9OS,_ 90 
	Y,

	energies), and both beta emitters with no accompanying gamma radiation. 
	Because complete analysis of these 4500 samples was a very large under-taking, scientists from a number of organizations participated in the analytical program. A listing of these organizations and some of the scientists who were 
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	after a test. 
	Scrap metal on those isiands ..l:hich had SGZs was found to be radioactix;e to some degree. Some of this scrap uas contamin-ated or activated to levels as high as 60 mR:hr. 
	The possibility of having buried scrap is 
	very real on the SGZ islands. 
	It should not be overlooked when developing cleanup estimates for Enewetak Atoll. 
	-ANAL\-TICAL PROGRAM 
	R. 1V. Hoff, J. IV. Aleadows, 
	H. D. !Vilson, A. L. Prindle, 
	R. Gunnink, and K. 0. Hamby Lawrence Livermore Laborators Livermore, California 
	Introduction 
	More than 5000 samples were collected during field operations of this survey, and approximately 4500 samples were selected for analysis. This chapter describes the analytical program required to provide measurements of significant nuclides in these samples. A breakdown of the samples submitted for analysis is given in Table 109a. 
	Sample treatment can be described in 
	a general way as consisting of three 
	phases: initial processing, gamma 
	counting, and so-called “wet-chemistry” 
	analyses. The latter phase involved dis-
	solution of a sample, followed by chemical 
	isolation of specific elements and radia-
	tion counting of elemental samples. 
	For most samples, initial processing 
	consisted of selecting appropriate parts 
	of a field sample, drying, homogenizing, 
	and packaging. The selection process 
	was provided by dissection of fish, rats, 
	birds, etc., whereas it was unnecessary 
	for soil sample. Drying was acco 
	““1~11s~ 
	““1~11s~ 
	““1~11s~ 

	by heating 
	by heating 
	in ordinary 
	ovens 
	for 
	soiLs L, 

	lregetation, 
	lregetation, 
	and fish 
	specimens, 
	or 
	b Y th 

	freeze-dry 
	freeze-dry 
	process 
	for 
	rat, 
	bird, 
	and 


	crab samples. During initial processing, samples were converted to formsappro-priate for gamma counting. 
	All of the samples were counted on Ge(Li) detector systems to determine their gamma-emitting constituents. 
	Most of the samples were put through a wet chemical analysis, either by Of a sample which had been gamma-counted first (as was the case for most of the fish, vegetation, animal and air-filter samples) or by suh_ mission for wet chemistry of a separate aliquot of sample (as was the case for most of the soil samples). The latter approach required reasonably homogeneour samples at the end of initial preparation. Minor exceptions to this general scheme of treatment are the seawater samples, where extensive chem
	destructive analysis 

	could be performed. Wet chemical analyses were needed to measure concen-trations of certain nuclides that cannot be detected with acceptable sensitivity by gamma counting; examples of such nuclide are 23gPu and 240 Pu, predominantly alpha emitters (with almost identical 
	9OS,_ 90 
	and 
	Y,

	energies), both beta emitters with no accompanying gamma radiation. 
	Because complete analysis of these 4500 samples was a very large under-taking, scientists from a number of organizations participated in the analytic’ program. A listing of these organization! and some of the scientists who were 
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	IPlish,., IS, 
	by the 
	nd 
	SSing, W-O-
	on ne 
	rough 
	iich ,:as 
	ation, Y sub- Irate ‘or 
	er sgeneous ation. heme 
	les, 
	n pro-
	1 ting 
	3ncen-not be 
	by luclides Y .l 
	ma 
	se 
	r-
	llytical :ations 
	,esponsible for :hts anai?-tical program are 35 follo\vs: Yi;ec.srs. F. L. Geiger ayd 1:. 
	_A, Sanchez. IYberiine instrument Corporation (EIC), Santa Fe, Nelv XIesico; JIessrs. 11.. .‘. I,Iajor. R. _A_ 1l_essman, 
	and L. 
	and L. 
	and L. 
	I-e\-en:i;al, 
	Laboratory 
	for 

	I.;lectronics, 
	I.;lectronics, 
	En:- ironmental 
	Analysis 

	Laboratories 
	Laboratories 
	I?ii-ision 
	(LYE), 
	Richmond, 


	California; La..: rence Li\-ermore Labora-tory (LLL), L:.,.ermore, California; Drs. V. -1. seljon, U.. R. Schell, and A. H. Se>-mour, Laboratory of Radiation Lc:~log~-(LRE), University of ivashington, Seattle, 1Vashington; and Colonel R. C. McBryde, hIajor W. A_ Myers, Major ?i.. _k Rush, Captain 
	J. R. Gaca, and Captain 11. T. Ijawkins, McClellan Central Laboratory (MCL), Sacramento, California (a CT. S. Air Force organtzation). .A listing of labora-tory participation in each phase of the analytical program is giLTen in Table 109a. Initial processing of samples was per-formed at LLL and at LRE. All gamma counting was done at LLL. The wet-chemistry et’fort was split between R?CL, 
	LFE, EIC, and LRE, \vith some special analvses performed at LLL. Samples were initially numbered at 
	Znewetak 
	Znewetak 
	Znewetak 
	at 
	the 
	time 
	of 
	collection. 
	In 

	addition, 
	addition, 
	personnel 
	working 
	at 
	a 
	sample-

	receiving 
	receiving 
	station 
	on 
	Enewetak 
	assigned 


	each sample a survey ID number accord-ing to the scheme listed in Table 109b. 
	The first two digits of this number indicate t:\-pe oi sample, the next four digits are sequential and identify a sample uniquely, and the last two digits identify the island (or area nearby) from which a sample was collected. Thus, each sample usually had tlvo numbers associated with it, the survey ID number and a field-collection number. The latter category is comprised of numbers chosen by different field-collection teams and with varying formats. Considerable care was exercised in identi-fying samples: 
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	Table 
	Table 
	Table 
	109a. 
	rnelr;etak 
	sample 
	analysis 
	-
	sample 
	listing 
	and 
	1aboratorie.q. 

	TR
	Tumber 
	of 
	-----. 

	TR
	samples 
	Initial 
	Gamma 

	Sample 
	Sample 
	type 
	analyzed 
	processing 
	counting 
	ll’et 
	chemistry 
	I 

	TR
	. 

	Soils, 
	Soils, 
	total 
	LLL 
	All 
	samples 
	1ICL. 
	LFE, 
	I,.~(. 

	Surface, (and 
	Surface, (and 
	0-13 cm O-5 cm) 
	870 
	were gamma-counted at LLL. 

	Profile 
	Profile 
	samples 
	2135 

	TLD 
	TLD 
	samples 
	14 

	Biota 
	Biota 
	group 
	samples 
	20 

	Standards, 
	Standards, 
	background 

	samples 
	samples 
	18 

	Sediments Cores 
	Sediments Cores 
	J345 
	LLL LLL 
	UCL, MCL, 
	LFE, LFE, 
	EI(’ EI(‘ 

	Marine 
	Marine 
	samples 
	410 
	LRE 
	UCL, 
	LFE, 
	I_I~I< 

	Invertebrates 
	Invertebrates 
	and 

	vertebrates 
	vertebrates 

	Algae 
	Algae 
	3 
	LRE 
	LFE 

	Plankton 
	Plankton 
	16 
	LLL 
	MCL 

	Vegetation 
	Vegetation 
	(terrestrial) 
	216 
	LLL 
	MCL, 
	LFE 

	Animals 
	Animals 
	(terrestrial) 
	274 
	LLL 
	MCL, 
	LFE 

	Rats, 
	Rats, 
	crabs, 
	birds, 

	TR
	eggs, 
	etc. 

	Seawater 
	Seawater 
	54 
	LLL 
	LLL, 
	LFE 

	Hydroxide 
	Hydroxide 
	fraction, 

	Cs 
	Cs 
	fraction-

	gamma 
	gamma 
	counting 

	Pu, 
	Pu, 
	Sr 
	fractions 
	-

	TR
	wet 
	chemistry 

	Freshwater 
	Freshwater 
	LLL 
	MCL, 
	LFE 

	Water 
	Water 
	samples, 

	distillation, 
	distillation, 

	TR
	plant 
	residue 

	Air 
	Air 
	samples 
	67 
	LLL 
	MCL 

	High 
	High 
	volume 
	(20), 

	low 
	low 
	volume 
	(231, 

	TR
	Anderson 
	cascade 

	TR
	impactor 
	(2-I) 

	Seawater 
	Seawater 
	filters, 
	1JW 
	28 
	LRE 
	None 
	required 

	Total 
	Total 
	samples 
	analyzed 
	4,474 
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	Table 1OQ’b. Survey D number scheme. 
	<zerai form : _AB-ZSXS-CD where _Q? are two digits which indicate sample :ype. IXiS are iour digits which were assigned sequentially and which identify the sample uniquely, and CD are IWO digits which indicate location of sample c-ollec tion. 
	specific example: OO-05i7-20 where 09 indicates a marine sample, vertebrate (in fact, the sample 
	is bone from a snapper fish). 0577 identifies this sample, and 20 indicates collection in proximity of TILDA. 
	Sample-type identifier, first two digits 
	01 General soil classification, used where depth information is not known or for biota soil samples. 
	Soil 
	Soil 
	Soil 
	samples, 
	classified 
	according 
	to 
	depth: 

	29 
	29 
	O-10 
	cm 
	44 
	75-85 
	cm 
	74 
	40-50 
	cm 

	30 
	30 
	O-2 
	cm 
	45 
	85-95 
	cm 
	75 
	50-60 
	cm 

	31 
	31 
	O-5 
	cm 
	46 
	95-105 
	cm 
	76 
	60-70 
	cm 

	32 
	32 
	O-15 
	cm 
	47 
	105-115 
	cm 
	i7 
	70-80 
	cm 

	33 
	33 
	2-5 
	c m 
	48 
	115-125 
	rm 
	78 
	80-90 
	cm 

	34 
	34 
	5-10 
	cm 
	49 
	125-135 
	cm 
	79 
	90-100 
	cm 

	35 
	35 
	lo-15 
	cm 
	50 
	i35-145 
	cm 
	80 
	100-110 
	corn 

	36 
	36 
	15-20 
	cm 
	51 
	145-155 
	cm 
	81 
	110-120 
	cm 

	37 
	37 
	15-25 
	cm 
	52 
	155-165 
	cm 
	82 
	120-130 
	cm 

	38 
	38 
	20-25 
	cm 
	53 
	165-175 
	cm 
	83 
	130-140 
	cm 

	39 
	39 
	25-35 
	cm 
	54 
	175-185 
	cm 
	84 
	140-150 
	c-m 

	40 
	40 
	35-45 
	cm 
	70 
	O-10 
	cm 
	85 
	150-160 
	cm 

	41 
	41 
	45-55 
	cm 
	71 
	lo-20 
	cm 
	86 
	160-170 
	cm 

	42 
	42 
	55-65 
	cm 
	72 
	20-30 
	cm 
	87 
	170-180 
	rrn 

	43 
	43 
	65-75 
	cm 
	73 
	30-40 
	cm 
	88 
	180-190 
	cm 
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	Table 109b (continued) 
	02 
	02 
	02 
	-Algae 

	03 
	03 
	(designation 
	not 
	in use) 

	04 
	04 
	Plankton 

	05 
	05 
	Samples 
	from 
	lagoon 
	:loor, 
	sediments, 
	cores. 
	dredge 
	samples, 
	~,, 

	06 
	06 
	Seawater 

	07 
	07 
	Coral 
	(pieces 
	broken 
	from 
	living 
	coral 
	heads) 

	08 
	08 
	LIarine, 
	invertebrate 

	09 
	09 
	>lar 
	ine, 
	vertebrate 

	10 
	10 
	\-egetation 

	11 
	11 
	Animal, 
	terrestrial 

	12 
	12 
	Potable 
	water 

	13 
	13 
	Air, 
	high-volume 
	sampler 

	14 
	14 
	Air, 
	low-volume 
	sampler 

	15 
	15 
	Air, 
	,lnderson 
	c,ascade 
	impactor 

	Location 
	Location 
	identifier, 
	last 
	two 
	digits: 

	TR
	01 
	ALICE 
	19 
	SALLY 
	37 
	FRED 

	TR
	02 
	BELLE 
	20 
	TILDA 
	38 
	GLENN 

	TR
	03 
	CLARA 
	21 
	URSULA 
	39 
	HENRY 

	TR
	04 
	DAISY 
	22 
	VERA 
	40 
	IRWIN 

	TR
	05 
	EDNA 
	23 
	WILMA 
	41 
	JAMES 

	TR
	06 
	FLORA 
	24 
	YV ONNE 
	42 
	KEITH 

	TR
	($T$; 
	crater) 

	TR
	07 
	25 
	(not 
	in use) 
	43 
	LEROI-

	TR
	08 
	HENRY 
	26 
	SAM 
	44 
	MACK 

	TR
	09 
	IRENE 
	27 
	TOM 
	45 
	OSCAR 

	TR
	10 
	JANET 
	28 
	URI 
	.AH 
	46 
	LLL 
	Whaler 

	TR
	11 
	KATE 
	29 
	VAN 
	47 
	LCU, 
	Navy 
	vessel 

	TR
	12 
	LUCY 
	30 
	ALVIN 
	48-51 
	(not 
	in 
	use) 

	TR
	13 
	PERCY 
	31 
	BRUCE 
	52 
	Palumbo, 
	AEC 

	TR
	research 
	vessel 

	TR
	14 
	MARY 
	32 
	CLYDE 
	53 
	Wide 
	passage 

	TR
	15 
	NANCY 
	33 
	DAVID 
	54 
	Deep 
	passage 

	TR
	16 
	OLIVE 
	34 
	REX 
	60 
	Kwajalein 

	TR
	17 
	PEARL 
	35 
	ELMER 
	61 
	Meek-Kwajalein 

	TR
	18 
	RUBY 
	36 
	WALT 
	62 
	Enewetak-
	Kwajalein 

	TR
	70 
	Midway 
	island 

	TR
	77 
	U j ilang 
	atoll 

	TR
	78 
	Sacramento, 
	California 
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	Initial Processing of Field Samples 
	-
	Soil 
	Soil 
	Soil 
	and Sediment 
	Samples 

	This 
	This 
	class 
	of 
	sample, 
	5~ far 
	the 

	largest 
	largest 
	category, 
	was 
	treated 
	at 
	LLL 
	in 

	a part 
	a part 
	of 
	Building 
	412 devoted 
	entirely 

	to this 
	to this 
	task. 
	The 
	treatment 
	consisted 
	of 


	drying, pulverizing, blending, packaging, and doing a preliminary gamma count. \\‘ith sufficient sample, three packages were produced, an aluminum “tuna can” containing 300-350 g and two Lrials con-taining 50 g each. 
	The facility was set up and equipped in the following manner, Since the area used for this work is adjacent to a hot-cell facility, and although this area had been used very little in the past two years, the laboratory space was carefully sur-veyed for possible radioactive contamina-tion. Swipe samples were taken from the floors, and particulate matter in the air was collected on small filters. These samples were checked for 6oco, 137cs, 
	and 239+240 
	Pu content: there was no detectable contamination. The area was considered suitable for initial processing of soils. This monitoring program was continued throughout operation of the facility; activity above background levels was detected in only a few instances. 
	Drying ovens were designed and built to permit initial drying of samples at -70°C. Two ovens were constructed of asbestos board with steel shelves inside; two 300-W air heaters were used to blow warm air tnto each unit, along with a fan in the vent pipe. Final drying was accomplished in a large commercial drying oven at 150°C. 
	Grinding of samples was accomplished by placing a sample in a l-gal paint can 
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	along with a number of l-in, steel balls, The cover of each can was taped securely; then the entire can was covered with a galvanized-steel jacket which was held in place by two large rubber “0” rings. This arrangement eliminated problems encountered early in the operation xvhen can lids fell off during ball milling, Machines were built to permit rolling of 48 samples at a time and were usually operated overnight to provide 15-24 hr of grinding. 
	Packaging, weighing, and labeling of samples were performed by hand. Ii’ithin the laboratory space there were three hoods which provided a flow of air into and up the hood. All work with finely divided soil was performed in these hoods. Before each sample was packaged, clean paper was laid out on the hood bench. Care was taken to prevent cross-contamination of samples. A series of low-level coral soils was treated at various times during operation of the facility; results of these background samples are pre
	The following is a detailed description of the operations in the Building 412 facility: 
	••The samples were first unpackaged from the shipping container and logged. Notes were taken on the appearance of each sample (e. g. , amount of organic matter, color, presence of large chunks, etc. 1. If samples contained appreciable water (e. g. , certain sedi-ments were quite wet), the solid material was allowed to settle, and the water was carefully decanted without loss of fine particles, 
	••The samples were then transferred to a disposable aluminum cake pan and covered with aluminum foil, Holes were punched in the top of the foil to permit evaporation. 
	••The samples were then transferred to preliminary drying ovens that were designed to handle about 200 samples. These ovens were set at a temperature of -70” C and run continuously. The average residence time per sample was 48 hr. 
	••To assure that the samples reached complete dryness, a second oven was used. This oven was set at -15O’C, and the sample residence time averaged -3 hr. 
	••The samples were then transferred to a l-gal paint can and a dry weight established. The weights of the samples varied from 100 g to 2 kg. 
	••The samples were then ball-milled using eight l-in, steel grinding balls. The average sample residence time in the ball mill was -15-24 hr. 
	••The finely ground soil” was then pre-pared for gamma spectrometry and wet-chemistry analysis using two differ-ent containers. The gamma-spectrometry samples consisted of tightly sealed tuna cans made of 0. 25-n-111 thick aluminum, The large can was 
	3. 9 cm high, 8. 3 cm in diameter, with a cross-sectional area of 53.8 cm2 and a volume of 210 cm’, The small can was 3. 3 cm high, 6. 0 cm in diameter, 
	*Finely ground soil is a goal which was not always attained. In a few cases, the presence of chunk of coral over 1 cm in diameter was reported by the participat-ing analytical facilities. 
	with a cross-sectional area of 3 
	.-ii. 5 .,i CC. 
	and a volume of 95 
	.” 

	Soil-sample 
	these cans ranged f ronl 100 to 375 g. 
	weights in 

	The wet chemical samples 
	‘OnsiSted 0l two vials, each containing soil weighiq -50 g. One of the vials was shipped oy 
	for chemical analysis, and one held ,, 
	a backup sample. 
	. The gamma-spectroscopy “tuna cans.. for gross gammas with, 3 X 3-in. NaI detector: a 512-chaaael NaI gamma spectrum was measured for those samples which exceeded 100 counts J min. These preliminary Nai data served as a guide in scheduling more precise measurements with Ge(Li) detectors. 
	were counted 

	SarfqdeS were pro, cessed in the soil-preparation facility between November 15, 1972 and June 1. 1973 by an average working force of 4-l/2 people. We wish to acknowledge the dedicated effort of Messrs. Ekrn .J. Qualheim and James S. Schweiger in supervising operation of the Building 412 facility. In addition to LLL personnel. two experienced technicians were suPPlie 
	Approximately 3400 

	by Reynolds Electrical and Engineering Company (NTS) for this work. 
	Other Samples and Specimens 
	Initial processing of other samples. marine specimens, algae, plankton, vegetation, terrestrial animals, and air filters has been described in chapters which also describe collection of these samples in the field, For each type of sample, the product of this processing count’ ing -either an aluminum “tuna can” 
	was a package suitable for gamma 
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	,r.,,er.e sufficient sample was available or, 
	I:1t),e case of smail samples, a plastic ,a e which was a right circular
	ilack g ,.vlinder, Because oi the versatility of (,“r gamma-spectroscopy data processing code, it was unnecessary to require that all of the small plastic packages be of standardized dimensions and they could be \.aried according to sample size. 
	(;amma SpectrometrT. 
	Gamma-spectrometric measurements ,+,ere made on all samples at LLL. The work was accomplished by personnel in the Radiochemistry and Biomedical Divisions. In the Radiochemistry Division effort, 4100 samples (90X) were counted with eight Ge(Li) detector systems, three of which included an automatic sample-change feature. In the Biomedical Division effort, 400 samples (10%) were counted with four Ge(Li) detector systems. The latter systems were devoted to counting marine, vegetation, and animal samples, all o
	Description of Equipment 
	The gamma counting in Radiochemistry 
	Division was accomplished with a variety 
	of Ge(Li)-diode detector systems which 
	are listed in Table 110a. The diodes 
	varied in volume from 19 to 50 cc. Three 
	of the counting systems were automated. 
	The automated systems, interfaced to a 
	The automated systems, interfaced to a 
	of the systems could analyze one sample at a time, and the data were removed either by a manual dump onto a PDP-8 computer or by paper tape output. .%ll data were transferred to magnetic tape and analyzed on a CDC-7600 computer as described later in this section under Identification of Suclides. 

	PDP-8 
	PDP-8 
	PDP-8 
	computer. 
	were 
	capable 
	of 
	handling 

	16 samples 
	16 samples 
	per 
	system, 
	thus 
	allowing 

	23-hr /day 
	23-hr /day 
	counter 
	use. 
	The 
	remainder 


	The Biomedical Division Ge(Li) detec-tor systems are listed in Table 110b. Data taken with these systems were transferred from memory storage in a pulse-height analyzer to magnetic tape. Analysis of the data was performed on a CDC-7600 computer with a separate code (ANALYSE 5) whose operation has been described by Phelps and Hamby”. 
	Calibration of Detectors 
	It was necessary to calibrate each of the detector systems used on an absolute basis. During the course of the Enewetak survey, more than 20 different geometries were encountered. Several of these con-tainers were checked for calibration on an individual basis, while others were sub-mitted to the GAMANAL code (see para-graph below on Identification of Nuclides) as right circular cylinders. GAMANAL is capable of making the proper correc-tions on cylindrical geometries, 
	The majority of the samples were packaged in aluminum cans with nominal volumes of 95 and 210 cc. To check the 
	“P. L. Phelps and K. 0. Hambv. “Experienck in the Use of an ki-coincidence Shielded Ge (Li) Gamma-Ray Spectrometer for Low Level Environ-mental Radionuclide Analvsis”. IEEE Transactions on Nuclear kieke NS_19 155, (1972). 
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	T&i? : 1Oa. c..::::marv of Ge(Li) detecr3rs and .5;3-ste.ms ssed for g’amma-countinz Enewetak samples :?l. Radiochemistry Division. LLL. 
	Detector ar,d system identifi,,srlon Description 
	c2 Canberra 4S-cc “down-looker, ” automatic counting chamber Xo. 2, PDP-8 control and dump. 
	Nuclear Diodes 40-cc “down-looker, ” automatic counting rhamber No. 1, PDP-8 control and dump, 
	T3 Princeton Gamma Tech 50-cc “down-looker, ‘1 automatic counting chamber No. 3, PDP-8 control and dump. 
	s4 Nuclear Diodes 48-cc “up-looker, ” manual change, PDF’-S control and dump, 
	113 LLL 19-cc “down-looker, ” manual change, paper tape output. 
	Nuclear Diodes 25-cc “up-looker, ” manual change, paper tape output. 
	Nuclear Diodes 48-cc “side-looker, ” manual change, paper tape output. 
	Nuclear Diodes 48-cc “side-looker, ” manual change, paper tape output. 
	izll systems except U use 4096-channel analyzers. System U uses a 2048-channel analyzer. 
	aluminum can geometry, a solution con-and Laboratoire de MGtrologie des
	^^ 
	taining accurately known amounts of ‘“Co, Rayonnements Ionisants. Some standard 15’~u, and samples for the dried marine materials
	lo6Ru, 137Cs, ’ 52Eu , 241 Am was prepared. _LUiquots of this solution were supplied by the University of 
	were dried and mixed with powdered coral Washington. from Midway Xtoll. The powdered coral Since large, fairly dense samples we0 
	was packaged in the aluminum cans and being counted, it was necessary to derive 
	Self-
	Self-
	used as a calibration standard. All of the self-absorption parameters. 

	standard solutions used for calibration absorption is a function of mass and 
	were cross-checked with standards from atomic composition. The 
	Enewetak sure 

	the Internationa 1 Atomic Energy Au.thority vey samples were primar ,ily calcium 
	carb 
	mate A sP good 
	of ea 
	a co1 with the b were count with cal ib and u 
	count in pk 
	peRX 
	Al 
	detec speci refer then : eneq lar al Ident 
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	Table 1 lob. Summary oi Ge(Li) detectors and systems used for gamma-counting Enewetak samples by Biomedical Division, LLL. 
	Detector and system identification Description 
	M7 18-cc detector operated at two different gains; 1 keV/channel, 2048 channels, and 0. 25 keV!channel, 1024 channels. 
	WI 16. ~-CC detector, gain 0. 5 kevilchannel, 4096 channels. 
	20 17-cc detector, gain 0. 5 keviichannel, 4096 channels. 
	28 19-cc detector, gain 1 keV/ channel, 2048 channels. 
	All of the above detectors were housed in 4-in. lead shields. 
	carbonate and the composition was apprOXi-mated as a mixture of calcium and water. A special counter was built to obtain a good approximation of the calcium content of each sample. The counter consisted of a collimated 60-keV gamma-ray beam with a thin NaI scintillation detector in the beam path. Count-rate measurements were made on the unattenuated beam. A count-rate measurement was then made with a sample in the beam path. With calibration samples of known composition and with a sample of known density, t
	All of the background peaks in each detector system were loaded into a special subroutine in GAMANAL cross-‘eferenced by detector. The computer then subtracted backgrounds at these energies before proceeding with the regu-lar analysis described below under Identification of Nuclides. During and at 
	All of the background peaks in each detector system were loaded into a special subroutine in GAMANAL cross-‘eferenced by detector. The computer then subtracted backgrounds at these energies before proceeding with the regu-lar analysis described below under Identification of Nuclides. During and at 
	the end of the Enewetak program, detailed backgrounds were again measured to verify that counters had not been contaminated during the program. 

	Sensitivity of Counters 
	The sensitivity of a counter for a given nuclide depends on the sample size, counter efficiency, the branching intensity of the gamma rays, the length of the count, and the counter background. On a typical Enewetak coral sample (loo-375 g) we found that a count time of 133 min on the larger diodes was sufficient to establish a limit of less than 1 dpm/g for most gamma-emitting nuclides. In the case of marine, vegetation, animal, and air-filter samples, the sensitivity was limited by sample size. For these s
	Identification of Nuclides -Interference Between Various Nuclides 
	A general-purpose computer program 
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	called GAMAXAL was used for the data reduction and interpretation of all Radio-chemistry-generated spectra. It examines the pulse-height data for ‘background” and “peak” regions, fits these peaks with the proper shape functions, and corrects for the effects of geometry, attenuation, and detector efficiency in evaluating the photon emission rate. The program then proceeds to search a “library” of decay-
	scheme information in order to make tentative assignments for each of the ob-
	served peaks. A matrix of equations is 
	formed so that the intensity of each peak 
	is described as a linear addition of the 
	identified nuclides present. The quantitative value, as well as the degree of interference, is the result of a least-squares solution of this set of equations. 
	Unlikely 
	Unlikely 
	Unlikely 
	components 
	are 
	also 
	weeded 
	out 

	in this 
	in this 
	process. 
	A 
	more 
	complete 

	description 
	description 
	is given 
	in UCRL-51061, 

	Volume 
	Volume 
	1. -I’ 


	For the Enewetak program, a special library of nuclides was loaded into GAMANAL. Table 111 lists the half-lives, energies, and branching intensi-ties for these nuclides. These nuclides were chosen because they are long-lived products of nuclear explosions or are naturally occurring radionuclides. 
	Uncertainties 
	There are many sources of error in the measurement of gamma spectra; generally only a few dominate and deter-mine the accuracy of the reported values. 
	‘PR.. Nidav. Computerized Quantitative “Analysis by Gamma-Rag Spectrometry, Vol. 1. Description of the Gamanal Program, Lawrence Livermore Laboratorv. Rept. UCRL-51061, Vol. 1 (1gi’ij. 
	Sources of error in the interpretation o, gamma-ray spectra include the’ intensit, 
	Sources of error in the interpretation o, gamma-ray spectra include the’ intensit, 
	?c 

	;
	of the observed peaks, surrounding background, .ck
	the level of the 
	; r 

	interference of neighboring peaks, natural background :& activities in the counting chambers, i:’ attenuation of gamma rays in the sample matrix or container, the calibration of ai detectors, the effects of sample geometry and positioning, and decay-scheme information. For low-activity-level 
	&. 

	. ..’ 
	samples, the dominant factor contributiq 
	to the error is the low net.count in the observed peaks, In assessing the error . . on the net counts of the observed peaks, 
	GAMANAL takes into account the back-ground level, interference problems, and attenuation of the radiations by the sample matrix and container. No addi-a 
	tional error is added due to incorrect 
	calibrations or to the effects of geometry 
	and positioning. Since the samples were 
	counted in very “close-in” geometry, 
	the last-mentioned sources of error Can 
	be appreciable. AJI errors which could 
	be determined were added in quadrature. 
	Main, a more complete description is 
	presented in UCRL-51061, Vol. 1. 
	To establish the relationship between 
	.i 

	uncertainties in the input parameters .n 
	for the GAMANAL code and the final 2$ 
	answers as output from the computer, a {i 
	series of tests was made. 
	input values (density, atomic composition, 
	geometry, and weight) was purposely -1i‘ 
	changed by *50/o. In no case did this alter j, 
	the final answer by more than HO%. 
	‘3’ 
	Method for Setting Upper Limits On Detection of a Given Nuclide A request was made to calculate an upper-limit amount for certain nuclideso 
	r
	-436-
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	Fig. 114. GAMANAL spectral analysis of a 
	based on those spectra regions where signals would be seen if the species were present in detectable quantities. 
	In order to describe the process by which GAMANAL calculates an upper limit for the presence of a given photo-peak, we must discuss the method used in detecting photopeaks. The method of detecting peaks cannot be described explicitly because it cannot be described by a simple algorithm. However, the process can be described qualitatively with the aid of Fig. 114. GAMANAL first finds a “background” continuum line. It then proceeds to locate each peak group-ing by searching for a minimum of two 
	-437 -
	137
	weak Cs photopeak. 
	successive data points which are greater than 1. 8 standard deviations above this background. This value was obtained as a result of experience and insures that most of the reported peaks are real. 
	Figure 114 illustrates a case where a peak was detected by GAMANAL and reported as 51 counts with an assigned error of 63%. This peak is just above 
	the threshold of detection. 
	If the peak in Fig. 114 had not been 
	detected and an upper limit analysis was 
	requested, the calculation would be done 
	as follows: First, the peak region would 
	be located and a number of data points 
	proportional to the expected peak width 
	(seven 
	(seven 
	(seven 
	in this 
	case) 
	would 
	have 
	been 
	than 
	1 yr. 
	Remembering 
	that T&I,, 
	1 iI 

	integrated. would have 
	integrated. would have 
	Then the upper-limit area been calculated to be twice 
	lists a library of possible nuclldes, following comments summarize the 
	t+(’1 

	the square illustration, 
	the square illustration, 
	root of this count. this upper-limit 
	In the value 
	question of observation listed in the library. 
	of 
	gamma 
	em1ttc.Q 

	would 
	would 
	have 
	been 
	36 counts, 
	In practice, 

	spectral regions of two gamma rays per nuclide were investigated (if two were available), and limits were calculated 
	spectral regions of two gamma rays per nuclide were investigated (if two were available), and limits were calculated 
	7Be 
	t; = 53. 5 da Cbservation: 
	Measured in 32 vcgt,_ tatlon samples and in 30 air Samples. 

	for was 
	for was 
	each. Only retained. 
	the lower 
	of 
	the 
	values 
	Comments: 
	Commonly Occurs air due to cosmic ray interactions. 
	in 

	The method used by ANALYSE 5 (Biomedical Division) to calculate peak areas is to specify channel intervals that define both the peak and the baseline 
	The method used by ANALYSE 5 (Biomedical Division) to calculate peak areas is to specify channel intervals that define both the peak and the baseline 
	22 -ha 
	t+ = 942 da Observation: 
	= 
	2. 58 yr 37NO -‘Na identified any sample. 
	ia 

	on either side of the peak. The latter is used to make a baseline subtraction from the gross peak area. If the net peak area is negative or zero or if one standard deviation is greater than 50%. ANALYSE calculates an upper limit equal to twice the square root of the gross peak area. 
	on either side of the peak. The latter is used to make a baseline subtraction from the gross peak area. If the net peak area is negative or zero or if one standard deviation is greater than 50%. ANALYSE calculates an upper limit equal to twice the square root of the gross peak area. 
	5 
	40 K 
	tl = 1.26 X 10’ yrF Observation: Measured and reported in a large fraction of the samples. Natur-ally occurring radio-activity; origin not related to weapons testing. 

	TR
	54Mn 
	t I 
	= 
	312 da 

	Comments on Identification and Measurement of Each Nuclide in the Complete Sample Set The GAMANAL code searched each spectrum for photopeaks from all of the nuclides listed in Table 111 and reported all positive signals. In addition, in the case of nonobservation of certain nuclides, upper limits were calculated according to the procedure given in the previous sec-tion of this chapter. The nuclides for which upper limits were calculated routinely are: 6oco. 102mRh, Io6Ru, 
	Comments on Identification and Measurement of Each Nuclide in the Complete Sample Set The GAMANAL code searched each spectrum for photopeaks from all of the nuclides listed in Table 111 and reported all positive signals. In addition, in the case of nonobservation of certain nuclides, upper limits were calculated according to the procedure given in the previous sec-tion of this chapter. The nuclides for which upper limits were calculated routinely are: 6oco. 102mRh, Io6Ru, 
	O&ervation: Comments 
	: 
	Identified in a Tridacna kidney sample (08-0556-11) taken from KATE at 0. 61 f 0. 23 pCi/g (collected December 8, 1972) and in a Guettarda sample (10-2250-23) taken on WILMA at 0.05 * 0.02 pCi/g (collected January 1973). Also observed in 29 air samples. Existence in air samples and short half-life suggests the origin of this nuclide is worldwide fallout. 


	207Bi 235U and 241Am , s . In looking over the nuclides listed in Table 111, one finds entries with rela-tively short half-lives, some even shorter 
	207Bi 235U and 241Am , s . In looking over the nuclides listed in Table 111, one finds entries with rela-tively short half-lives, some even shorter 
	207Bi 235U and 241Am , s . In looking over the nuclides listed in Table 111, one finds entries with rela-tively short half-lives, some even shorter 
	60 Co 
	tt = 1,920 Observation: 
	da = 5.26 yr Positive signals in a large fraction of the samples; upper limits set for all remaining samples. 
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	t1 = 245 da bbservation: 
	tl = 65 da Ob:ervation: 
	g5zr 

	Comment: 
	Io3Ru t, = 40 da 
	ed Obiervation:
	[ 
	Comment: 
	lo6Ru tl = 369 da O&ervation: 
	Comment: 
	101
	Rh t; = 1100 da Observation: 
	Identified in a few samples, one soil, 16 marine samples at 0.4-5 pCi/g (collected November-December 
	1972) with uncertainties 6 -4470, and in five ani-mal samples at 0.22-o. 55 pCi/g (col-lected January 1973) with uncertainties 
	23-42570. 
	Identified only in high-volume air samples (9). 
	Origin is recent 
	weapons-test debris 
	which is transported 
	as worldwide fallout. 
	Identified in only one 
	sample, a high-volume 
	air filter (13-1189-24). 
	Origin is presumably 
	worldwide fallout. 
	= 1.01 yr 
	Identified only in six air samples; five are from high-volume samplers. 
	Origin is presumably worldwide fallout. 
	= 3.01 yr 
	Identified in 24 soil samples scattered over the northern half of the Atoll, in 58 sediment samples, and in two marine samples, Tridacna viscera and kidney (08-0504-02) at 
	0.12 f 0.03 pCi/g (col-lected December 11 1972) and Tridacna viscera (08-0536-02.) at 0. 18 f 0. 03 pCi/g
	-.-
	(collected Novem-ber 2% 19721, with both samples taken near BELLE. 
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	102mRh 
	060 da = 2.90 yr 
	2 
	Observation: Identified in 218 soil samples scattered over the northern half of the Atoll, in 12 samples from LEROY, in 162 sediment samples, and in the following seven mar-ine samples: 
	08-0476-01, Tridacna kidney, 0. 8fO. 2 pCi/g (collected December 11, 19721, ALICE. 
	08-0504-02, Tridacna viscera and kidney, 0. 51*0. 14 pCi/g (collected December 11, 1972), BELLE. 
	08-0535-02, Tridacna kidney, 
	1.0 f 0. 3 pCi/g (collected November 29, 1972), BELLE. 
	08-0536-02, Tridacna viscera, 0. 54 f 0. 06 pCi/g (collected November 29, 19721, BELLE. 
	08-0789-10, Tridacna viscera, 0. 14 f 0. 05 pCi/g (collected December 4, 1972), JANET. 
	08-0676-10, Tridacna kidney, 3. 0 f 0. 9 pCi/g (collected December 5, 19721, JANET. 
	09-8048-24, Goatfish viscera, 0. 11 f 0. 02 pCi/g (collected December 6, 1972), YVONNE. 
	Ag t, = 127 yr
	108m 

	? Observation: Identified in the fol-
	lowing 
	lowing 
	lowing 
	three 
	marine 

	samples: 
	samples: 

	08-0348-38, 
	08-0348-38, 
	Tridacna, 
	muscle 
	and 
	mantle, 

	TR
	0.05 
	f 
	0.01 
	pCi/g, 
	GLENN. 

	09-0466-37, 
	09-0466-37, 
	Sea turtle, 
	liver, 

	TR
	0. 56 f 
	0.09 
	pCi/g, 
	FRED. 

	09-0264-53, 
	09-0264-53, 
	Bonito, 
	liver, 

	TR
	0.28 
	f 
	0.04 
	pCi/g, 
	wide 

	TR
	passage. 


	“OrnAg t+ = 253 da 
	Observation: Not identified in any sample. 
	125Sb tl = 1010 da = 2.77 yr 
	Obse?rvation: Identified in a large fraction of soil samples, predomin-antly from northern 
	. 
	half of the Atoll. Also 
	half of the Atoll. Also 
	half of the Atoll. Also 

	identified in 130 sedi-
	identified in 130 sedi-

	ment samples and in 
	ment samples and in 

	the following eight 
	the following eight 

	marine, one vegeta-
	marine, one vegeta-

	tion, and one air-
	tion, and one air-

	filter samoles: 
	filter samoles: 

	08-0359-38, 
	08-0359-38, 
	Sea cucumber, viscera and 

	TR
	gut content, 1.55 f 0.15 pCi/g 

	TR
	(collected October 18, 1972), 

	TR
	GLENN. 

	09-8018-24, 
	09-8018-24, 
	Parrotfish, viscera, 

	TR
	0. 35 rt 0. 11 pCi/g (collected 

	TR
	December 4, 19721, ‘iVONNE. 

	09-0376-37, 
	09-0376-37, 
	Goatfish, eviscerated whole, 

	TR
	1. 58 i 0. 10 pCi/g (collected 

	TR
	December 1, 19721, FRED. 

	09-0466-37, 
	09-0466-37, 
	Sea turtle, liver, 

	TR
	1. 85 ?C 0. 31 pCi/g (collected 

	TR
	December 9, 19721, FRED. 

	09-0467-37, 
	09-0467-37, 
	Turtle, 1. 24 k 0. 20 pCi/g 

	TR
	(collected December 9, 1972), 

	TR
	FRED. 

	09-0344-43, 
	09-0344-43, 
	Mullet, muscle, 1. 72 f 0. 18 pCi/g (collected 

	TR
	October 20, 19721, LEROY. 

	09-0346-43, 
	09-0346-43, 
	Mullet, viscera, 1.83 f 0. 25 pCi/g (collected 

	TR
	October 20, 19721, LEROY. 


	09-0591-61, Yellowfin tuna, muscle, 
	1. 11 f O. 15 pCi/g (collected December 9, 19721, Kwajalein. 
	10-0085-38. Scaevola leaf, O. 12 5 0. 05 pCi/g (collected January 19731, GLENN. 
	13- 1189-24, High-volume air filter, 0. 27 f 0. 06fCi/m3 (collected December 1972), YVONNE. 
	133 
	Ba tl = 2630 da = 7.21 yr Observation: Identified in 34 soil samples from JANET (7), PEARL (6), SALLY (13). and YVONNE (8 ). 
	134cs t, = 745 da 2.04 yr 
	Obiervation: Identified in seven soil samples (BELLE, IRENE, LUCY, GLENN, and HENRY), one sediment sample, and the following 
	marine zici animal 
	marine zici animal 
	marine zici animal 

	samples: 
	samples: 

	09-8041-Z,, 
	09-8041-Z,, 
	Convict s urgeon, irisccJra 

	TR
	0. 53 * 0. 07 pCi. g tcnllcct~,~~ 

	TR
	December 6, 1972), YvCr\;~~.~ ,. 

	09-0466-37, 
	09-0466-37, 
	Sea turtle, liver, 

	TR
	0. 44 It 0. 12 pCi!g (collected 

	TR
	December 9, 1972), FRED_ 

	ll-9118-24, 
	ll-9118-24, 
	Roof rat, viscera, 

	TR
	1. 3 k 0. 3 pCi/g (collected 

	TR
	January 15, 1973), WONX].:, 

	11-9135-E-I, 
	11-9135-E-I, 
	Roof rat, lung, 

	TR
	1. 0 i 0. 3 pCi/g (collected 

	TR
	February 3, 1973 ), YVONNE. 

	ll-9167-24, 
	ll-9167-24, 
	Roof rat, bone, 

	TR
	0. 8 i 0. 2 pCi/g (collected 

	TR
	January 15, 1973), YVONNE. 

	11-9168-24, 
	11-9168-24, 
	Roof rat, bone, 

	TR
	1. 0 C 0. 2 pCi/g (collected 

	TR
	February 3, 19733, YVONNk:. 

	11-9269-33, 
	11-9269-33, 
	Sooty tern, bone, 

	TR
	0. 29 f 0. 06 pCi/g (collected 

	TR
	January 15, 1973), DAVID. 


	137 
	Cs tf = 30.0 yr 
	Observation: Positive signals in a large fraction of the total samples; upper limits set for all re-maining samples. 
	144C t, = 285 da 
	Obiervation: Identified in soil (7), sediment (26), mar-ine (1 l), vegetation (lo), and air-filter 
	(12) samples. With the exception of the air filters (all from high-volume samplers), all observations are considered question’ able since they are based upon the obser-vation of a single gamma ray at 133 keV. Confirmation of these data would require chemical separation of cerium and further counting. The air-filter data are con-
	sidered authentic. 
	152Eu t = 5120 da = 14.0 yr+ Observation: Identified in roughly 
	Of OS 0: 
	If 
	c 
	lC

	l( 
	lf 
	l( 
	11 
	2( 
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	ra, 
	-‘cted 
	)NNE. 
	icted ED. 
	%,. 
	ed NNE. 
	ed 
	?TNE. 
	ed 
	NNE. 
	,cted ID. 
	in a 
	the )per re-
	. 
	(7 ), 
	:ar-.on er ith .he 
	3pr;lers), are ion-re xser-
	3 keV. shese -e 
	:ion rther ir-m-
	half of soil samples 
	from northern half of 
	the Atoll and in about 
	a third of the sedi-
	ments. Also identi-
	fied in the following samples: 
	08-0556-11, Tridacna, kidney, 
	0. 52 f 0.11 pCi/g, KATE. 
	Mullet, viscera,
	Mullet, viscera,
	09-0494-02, 

	0.33 f 0.10 pCi/g, BELLE. 
	09-0496-02, Mullet, viscera, 
	0.26 f 0.06 pCi/g, BELLE. 
	= 2860 da = 7.83 yr 
	1543, t* 

	Gbiservation: Identified in 101 soil samples from ALICE (7 ), BEUE (14), CLARA (4) DAISY (4), IRENE (6), JANET (3), PEXRL (28), SALLY (12), and YVONNE (23), and in 36 sediment samples. There were no other authenticated observations. 
	155Eu t1 = 1850 da = 5.08 yr 
	Obiervation: Identified in a large fraction of the soil samples and in most of the sediment samples. Also identi-fied in 7 (of 16) plank-ton samples, in 10 (of 54) seawater samples, in 68 (of 
	410) marine samples, in 3 (of 216) vegetation samples, and 1 (of 
	274) animal samples. 
	10-2265-02, Messerschmidia 
	0. 06 f 0. 02 pCi g (collected January 197 3 ). BELLE. 
	lo-1892-11, Messerschmidia 
	0.05 f 0. 02 pCi g (collected January 19731, KATE. 
	10-3275-24, Scaevola, 0.05 f 0.02 pCi/g (collected January 1973 1, YVONNE. 
	11-9082-17, Rice rat, hide, 0. 22 f 0. 07,pCi/g (collected January 1973), PEARL. 
	samples in localized regions, especially on DAISY, EDNA, IRENE, JANET, IRWIN, JAMES, and KEITH. Also identified in most of the sediment samples, in 14 (of 16) plankton samples, in 22 (of 54) seawater samples, in approxi-mately half of the marine samples, in the following five vegetation samples and four animal sample s : 
	10-2455-04, Coconuts, 0. 06 i 0. 03 pCi/g, DAISY. 
	lo-3700-10, Pandanus, 0. 11 * 0. 03 pCi/g, JANET. 
	10-0199-33, Messerschmidia 
	0.05 i 0.02 pCi g, DAVID. 
	10-0081-38, Pisonia leaf, 
	0.06 f 0.03 pCi/g, GLENN. 
	10-2430-42, Messerschmidia, 
	0. 07 f 0.03 pCi/g, KEITH. 
	10-2434-42, Pandanus, 0.04 f 0.01 pCi/g, KEITH. 
	11-9133-21, 
	11-9133-21, 
	11-9133-21, 
	Rice 
	rat, 
	liver, 

	TR
	0.38 
	f 
	0.11 
	pCi/g, 
	URSULA. 

	11-9150-21, 
	11-9150-21, 
	Rice 
	rat, 
	lung, 

	TR
	0.90 
	f 
	0.32 
	pCi/g, 
	URSULA 

	11-9087-24, 
	11-9087-24, 
	Roof 
	rat, 
	hide, 

	TR
	0.21 
	f 
	0.08 
	pCi/g, 
	YVONNE. 

	11-9026-38, 
	11-9026-38, 
	Hermit 
	crab, 
	pancreas 
	and 

	TR
	gonad, 
	0.15 
	i 
	0.06 
	pCi/g, 

	TR
	GLENN. 


	226Ra tt = 1620 yr7 Observation: Identified in 102 soil samples spread throughout the entire Atoll and 130 sediment samples. 
	228Th t+ = 698 da = 1.91 yr 
	Observation: Identified locally in YVONNE soil samples (321. No other positive identi-fication. 
	:. 
	U t4 =7.13X108yr
	207 
	235 

	Bi t = 32.0 yr
	+ Obiervation: Identified fairly infre-
	Observation: Identified in soil 
	-441-
	quently (about 6. 50/o) from the above data which have values oi among soil samples. 
	0. 32 z 0. 19 and 0. 4 0 + 0.35, respectivel\
	0. 32 z 0. 19 and 0. 4 0 + 0.35, respectivel\
	nleasured concentra-

	_I. 
	tions in the samples 
	The precision of these values is poor; 
	mass-spectrometric analyses of
	o”‘;f,““;dO~6t;;;?!$; 

	. 
	If one assumed the 
	240/239 ratio yield more precise data. 235c abundance to be that of natural uranium (not necessarily a valid 
	241Pu t 1 = 5110 da = 14.0 yr
	241Pu t 1 = 5110 da = 14.0 yr
	assumption at Enexetakk 

	these averages corres-Odservation: pond to a natural any sample by gamma uranium content of counting. 1.9-3.6 ppm. Also 
	No 241P~ detected in 

	241
	identified in 96 sedi-Am t 1 = 433 yr ment samples. There 
	z 

	Observation: Identified in many of 
	Observation: Identified in many of 
	was no positive identi-
	the soil samples from
	fication in any other 
	most of the islands,
	type of sample. 

	although in greatest abundance and fre-
	although in greatest abundance and fre-
	23gPu t 1 = 24, 360 yr

	T quency in the northern 
	Obiervation: Identified by gamma half of the ;Itoll. .~se detection in just two prevalent in sediments. samples (sensitivity Identified elsewhere in 
	for detection is greatly 5 (of 16) plankton 
	increased in wet-samples, 7 (of 54) chemistry analysis). seawater samples, in Comparison of gamma 38 (of 410) marine counting and wet-samples, in 2 (of 2161 
	chemistry results is and in 1 (of 67) air filters. There was 239+240pu, no positive identifica-
	vegetation samples, 
	given below: 


	23gPu 
	23gPu 
	tion in animal
	tion in animal
	Sample dpm/g ‘(gamma) dpm/g (alpha) 

	samples. 73-5235-24 469*145 1020*50 
	05-1096-24 290f160 7 14*28 
	Comments: Comparison of 241AI-I-l Note that gamma counting measures only determination by 239 gamma counting with
	Pu whereas alpha counting measures 
	that by wet-chemistry the sum of 23gPu-and 240Pu activity. analysis is given in the last section of this
	One can deduce 2401239 atom ratios 
	chapter. 
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	Table 111. Half-live-, energies, and branching intensities ior nuciides loaded into GXMAN;\L. 
	I!alf-life Energy, Branching Nuclide days, keV intensity 
	1. 
	1. 
	1. 
	4BE 
	‘i 
	3. 33OE+Ol 
	477.400 
	1_030E-01 

	3 -. 
	3 -. 
	11 
	NA 
	22 
	‘!. 417E+02 
	511.000 
	1.8OOE+OO 

	TR
	1274.550 
	1. OOOE+OO 

	3. 
	3. 
	19 
	K 
	40 
	4. GlOE+ll 
	l-l60.760 
	1_083E-0 
	1 

	4. 
	4. 
	25MN 
	54 
	::. 
	123EiO2 
	834.823 
	1. oooE+oo 

	5. 
	5. 
	27 
	co 
	GO 
	1.922EA03 
	1173.230 
	1. oooE+oo 

	TR
	:332.510 
	1.000E+00 

	6. 
	6. 
	30 
	ZN 
	65 
	‘. 
	450E+O’ 
	1115.520 
	4_9OOE-0 
	1 

	7. 
	7. 
	40 
	ZR 
	‘! 5 
	!j. T,OcJECOl 
	724.200 
	1.3OOE-0 
	1 

	TR
	rS6.720 
	3.46OE-01 

	8. 
	8. 
	41 
	NB 
	95 
	3.510E+Ol 
	765.800 
	9. BOOE-0 
	1 

	9. 
	9. 
	44 
	RU 
	103 
	::. 96orc+oi 
	-197.000 
	O.OOOE-01 

	TR
	610.310 
	5_6OOE-0’ 

	10. 
	10. 
	45 
	RH 
	101 
	L. 10011:+03 
	i27.200 
	8.400E-01 

	TR
	197.900 
	9_000E-0 
	1 

	TR
	325. 
	100 
	1.800E-01 

	11. 
	11. 
	45 
	RH 
	106 
	3_514E-04 
	511.800 
	2.050E-0 
	1 

	TR
	G16.300 
	8. IOOE-03 

	TR
	622. 
	100 
	9_800E-02 

	TR
	873.800 
	4.400E-03 

	TR
	1050.700 
	1.400E-02 

	12. 
	12. 
	45 
	RH 
	102M 
	:.05oE+03 
	4 18.800 
	1. 120E-01 

	TR
	475.100 
	9.300E-0 
	1 

	TR
	628. 
	200 
	7_000E-02 

	TR
	631.400 
	5_200E-0 
	1 

	TR
	697. 
	600 
	-I. 320E-01 

	TR
	i67.000 
	3.300E-01 

	TR
	1046.800 
	3. lOOE-01 

	TR
	1103.300 
	4. 500E-02 

	TR
	1112.900 
	1.800E-01 

	13. 
	13. 
	47 
	AG 
	108M 
	-I. 635E+O4 
	79.120 
	5.200E-02 

	TR
	-133.6 
	10 
	9.200E-01 

	TR
	6 14. 
	040 
	9.200E-01 

	TR
	632.740 
	1. 140E-03 

	TR
	722.730 
	9.200E-0 
	1 

	14. 
	14. 
	47 
	AG 
	1lOM 
	2. 530E+02 
	446.200 
	3.500E-02 

	TR
	620.100 
	2.500E-02 

	TR
	657.600 
	9_300E-01 

	TR
	677.500 
	1.220E-01 

	TR
	686.800 
	7.500E-02 

	TR
	706. 
	600 
	1.600E-01 

	TR
	744.200 
	4.330E-02 

	TR
	763.800 
	2_200E-01 

	TR
	817. 
	900 
	6. 
	950E-02 

	TR
	884.500 
	7. lOOE-01 

	TR
	937.300 
	3.360E-01 
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	Table 111 (continued) Half-life Xuclide days, l-1. 47 _IG 1lOM 2.530E+OZ 
	15. 51 SB 125 l.O12E+03 
	16. 55 cs 134 7.450E+02 
	17. 55 cs 137 l.O96E+04 18. 56 BA133 2.630E+03 
	19. 58 CE 144 2.846E+02 
	20. 63 EU 152 5.117E+03 
	Energy, keV 
	1384.300 1475.900 1505.200 1562.500 
	176.430 380.440 427.880 463.380 600.600 606.700 635.920 671.410 
	475.340 563.220 569.330 604.700 795.790 801.8iO 1038.610 1167.910 1365.130 
	661.646 
	53.170 79.590 81.010 160.620 276.290 302.710 355.860 383.700 
	80.100 133.500 696.500 
	121.780 244.700 295.970 329.300 344.270 367.760 411.100 416.000 443.940 488.700 503.450 586.200 656.400 674.350 678.600 688.800 712.900 719.300 
	Branching intensity 
	2.400E-01 3.7OOE-02 1_260E-01 l.lOOE-02 
	7.200E-02 1_520E-02 3.040E-01 l.O70E-01 1.810E-01 5.150E-02 l.l50E-01 1.820E-02 
	1.540E-02 8_820E-02 1.580E-01 9.800E-01 8.900E-01 9.500E-02 l.O60E-02 1.850E-02 3_000E-02 
	8.500E-01 
	1.950E-02 3.040E-02 3.600E-01 7.600E-03 7.500E-02 1.960E-01 6.'iOOE-01 9,40OE-02 
	1.480E-02 
	l.lOOE-01 
	1,33OE-02 
	3.010E-01 7.740E-02 4.700E-03 1.490E-03 2.740E-01 9.000E-03 2.2703-02 1.140E-03 3.200E-02 3.9003-03 1.500E-03 4.400E-03 1.400E-03 1.6603-03 4.400E-03 8.500E-03 l.OOOE-03 2.9003-03 
	-2c 
	21. 
	22. 
	23. 24. 
	-444-
	Table 
	Table 
	Table 
	111 (continued) 

	TR
	Half-life 
	Energy, 
	Branching 

	TR
	Xuclide 
	days, 
	lieV 
	intensity 

	20. 
	20. 
	63 
	EU 
	152 
	n. 
	117lz+o3 
	764. 
	900 
	1.400E-03 

	TR
	778.850 
	1. 300E-01 

	TR
	810.240 
	3. 150E-03 

	TR
	841.400 
	2_100E-03 

	TR
	867:300 
	4. 260E-02 

	TR
	919.100 
	4.000E-03 

	TR
	964. 
	000 
	1.480E-01 

	TR
	1005.100 
	6. 5OOE-03 

	TR
	1085.700 
	l.O25E-01 

	TR
	LOSS. 
	500 
	1.75OE-02 

	TR
	1111.900 
	1.400E-01 

	TR
	1’12. 
	800 
	1.4OOE-02 

	TR
	l’-I9.700 
	?.03OE-03 

	TR
	1292. 
	600 
	1.140E-03 

	TR
	1298.970 
	1. 640E-02 

	TR
	1407.920 
	2. 150E-01 

	TR
	l-157.600 
	5.000E-03 

	TR
	15”8.200 
	2.830E-03 

	21. 
	21. 
	63 
	EU 
	154 
	E.G63E+03 
	123.140 
	4.050E-01 

	TR
	248.040 
	6. 59OE-02 

	TR
	591.740 
	4.840E-02 

	TR
	692.410 
	1.696E-02 

	TR
	723.300 
	1.970E-91 

	TR
	7 56.870 
	4.34OE-02 

	TR
	873.190 
	1. 150E-01 

	TR
	996.320 
	l.O3OE-01 

	TR
	1004.760 
	1.730E-01 

	TR
	1274.390 
	3_350E-01 

	TR
	1596.480 
	1.67OE-02 

	22. 
	22. 
	63 
	EU 
	155 
	1_855E+03 
	60.010 
	1. 320E-02 

	TR
	86.550 
	3_220E-0 
	1 

	TR
	105.320 
	2.280E-01 

	23. 
	23. 
	83 
	BI 
	207 
	1. 
	169E+04 
	569.620 
	9.800E-01 

	TR
	1063.650 
	7. SOOE-01 

	TR
	1770. 
	180 
	7. 
	150E-02 

	24. 
	24. 
	88 
	RA 
	226 
	5.917E:+O5 
	186. 
	140 
	4_000E-02 

	TR
	241. 
	960 
	7.900E-02 

	TR
	295.200 
	2.020E-01 

	TR
	351.920 
	4.010E-01 

	TR
	609.270 
	4.840E-0 
	1 

	TR
	665.400 
	1.650E-02 

	TR
	742.480 
	PAIR 
	PEAK 

	TR
	768.350 
	5.320E-02 

	TR
	785.800 
	1.210E-02 

	TR
	806. 
	160 
	1.3 
	lOE-02 

	TR
	934.060 
	3.340E-02 

	TR
	1120.280 
	1.600E-01 

	TR
	1155.170 
	1.8203-02 

	TR
	1238. 
	130 
	6.200E-02 

	TR
	1280.980 
	1.5603-02 

	TR
	1377.640 
	4.180E-02 
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	Table 
	Table 
	Table 
	111 (continued) 

	TR
	Nuclide 
	Half-life days, 
	Energy, k e V 
	Branching intensity 

	24. 
	24. 
	88 
	R,I 
	226 
	5. 917E+05 
	l‘LO1.440 1407. 980 1509.220 1661.240 1729.550 1764.490 1838. 330 1847. -3-10 2118.520 2204. 140 24G7.630 
	1.440E-02 2.600E-02 2.300E-02 1.210E-02 3. 070E-02 1.66OE-01 4. lOOE-03 2.200E-02 1.230E-02 5.300E-02 1. 650E-02 

	25. 
	25. 
	90 
	TH 
	228 
	6. 976E+02 
	74. a17 74.970 77. 108 84. 380 84.450 86.830 37.350 238.626 240. 982 277.340 300.110 510.720 583. 139 727. 270 785.460 860.490 1592.690 1620. 620 2614.7 10 
	9. 530E-02 1.303E-01 1.620E-01 1.330E-02 1. 5803-03 1.930E-02 3.600E-02 4.480E-01 4.140E-02 2.300E-02 3.420E-02 8.340E-02 3.090E-01 6_650E-02 1. lOOE-02 4.530E-02 PAIR PEAK 1.510E-02 3.596E-01 

	26. 
	26. 
	92 
	U235 
	2. 604E+ll 
	143.770 163.370 185.720 202.100 205.330 
	l.O70E-01 4.850E-02 5_610E-01 l.O70E-02 4_870E-02 

	27. 
	27. 
	94 
	PU 
	239 
	8. 908E+06 
	94.665 98.439 129.280 203.520 375.020 413.690 
	9.830E-05 1.900E-04 6.420E-05 5.630E-06 1.585E-05 1.506E-05 

	28. 
	28. 
	94 
	PU 
	241 
	5,110E+03 
	148.600 164.590 207.970 
	1_900E-06 4_500E-07 5.120E-06 

	29. 
	29. 
	95 AM 
	241 
	1. 5823+05 
	59. 536 99.000 103.000 
	3.590E-01 2.100E-04 2,02OE-04 


	\ 
	P 
	to 
	ve. 
	sa 
	elc 
	pri 
	into tior car 
	Pro the. nucj rad! listc nucl 
	gas, cher forn gam. used pose 
	241A 
	taine of so samr 
	241* 
	rema meas 
	sap 
	catiol biolq 
	radio 
	iron, on ce. 
	hers t 
	labor: 
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	I\-et-Chemistry Analvses 
	suclides 
	suclides 
	suclides 
	Measured; 
	Latxratories 

	1Iaking Measurements 
	1Iaking Measurements 

	Xuclides 
	Xuclides 
	that 
	could 
	not 
	;f 
	detected 
	by 


	gamma spectroscopy and that were judged to ne of potential significance to this sur-vey were analyzed for by dissolution of a sample, chemical separatic’n of a desired 
	element, and quantification 2~ an appro-
	priate radiation-counting technique. An 
	integral part of this technique is the addi-tion of a known amount of elemental carrier or tracer at the beginning of the procedure to permit determination of chemical yield in the final sample. These nuclides, their half-lives, principal radiation, and technique for counting are 
	listed in Table 112. In this list, the nuclides analyzed for most generally were “Sr, 238Pu, 23g* 240Pu, and 55Fe. Wet-
	241
	chemistry analysis for _&n was per-
	formed on a small fraction of the samples; 
	gamma counting was the major method 
	used to determine this nuclide. The pur-
	poses of wet-chemistry analyses for 
	241
	_%m were either to check results ob-tained by gamma counting or, in the case of some marine, vegetation, and animal samples, to extend the sensitivity for 
	241
	Am detection to lower levels. The remaining nuclides in Table 112 were measured in relatively small numbers of samples to provide an approximate indi-cation of levels existing in various biological samples. In addition to the radioactive species, analyses for stable iron, calcium, and iodine were required on certain samples. The kinds and num-bers of analyses performed at each laboratory are listed in Table 113. ( 
	Separation Schemes 
	For application to coralline soils and sediments, chemical dissolution, separa-tion, and purification schemes ior 9OSr and Pu determination as performed at RICL, LFE, and EIC are shown in Tables 114, 115, and 116. These procedures are given in basic out-line form; no details on manipulation, quantities of reagents, or fine points of analytical technique are included. Each laboratory received 50-g samples of finely divided coral soil. At MCL, quanti-ties of lo-20 g were dissolved, while at LFE and EIC, entir
	Some variation in dissolving technique is seen among the laboratories; each reported coralline soil to be readily soluble in appropriate mineral acids. Both MCL and LFE procedures feature a sequential separation of Sr-Y and Pu from a single aliquot, while EIC chose to isolate these elements from separate aliquots. 
	90
	Determination of Sr and Pu in other 
	types of samples required some modifica-
	tions of procedures given in Tables 114 
	and 115. For MCL, the required varia-
	tions are summarized in Table 117. 
	Corresponding procedures in use at LFE 
	are summarized in Table 118. 
	The isolation of 55Fe was based upon 
	the extraction of iron carrier into diethyl 
	ether from 6 M HCI solution at all four
	-laboratories. Following further purifica-tion, samples were electrodeposited in preparation for gamma counting. An aliquot of each sample to which no carrier had been added was reserved for determi-nation of stable iron via atomic absorp-tion spectrometry. This information 
	-447 -
	able 
	able 
	able 
	112. 
	Nuclides 
	measured 
	in wet-chemistry 
	analyses. 

	?Juclide 
	?Juclide 
	Principal 
	radiation 

	?Fe 
	?Fe 
	2. 7y 
	5.95 
	keV 
	x 
	ray 

	)Sr 
	)Sr 
	28.0 
	Y 
	3 
	particle 
	of 
	g”Y 

	TR
	daughter 

	TR
	(E max 
	= 2. 27 
	MeV) 

	39, 240Pu 
	39, 240Pu 
	24,400 
	Y (239) 
	5.16 
	MeV 
	Q 

	TR
	6, 540 
	Y (240) 

	38Pu 
	38Pu 
	87. a 
	y 
	5. 50 
	MeV 
	(Y 

	“Am 
	“Am 
	433 y 
	5.49 
	MeV 
	cy 

	il 
	il 
	12.35 
	Y 
	3 
	particle 

	TR
	tE max= 
	18. 5 keV) 

	&C 
	&C 
	5,730 
	y 

	TR
	13 (particle max 
	= 
	156 keV) 

	3Ni 
	3Ni 
	92 
	Y 
	!3 particle 

	TR
	(E max 
	= 65.9 
	keV) 

	5Zn 
	5Zn 
	245 d 
	Gamma 
	ray 

	TR
	(1. 
	116 MeV) 

	13mCd 
	13mCd 
	14 
	Y 
	P particle 

	TR
	(E max 
	= 580 keV) 

	29 I 
	29 I 
	1.57 
	x 
	lo7 
	y 
	13 particle 

	TR
	(E max 
	= 150 keV) 

	TR
	Xenon 
	K 
	x 
	rays 

	TR
	(29.7, 
	33.7 
	keV) 

	14Ce 
	14Ce 
	285 d 
	/3 particle 
	of 
	144Pr 

	TR
	daughter 

	TR
	(E max 
	= 2.99 
	MeV) 

	47PIll 
	47PIll 
	2.62 
	y 
	P particle (E max 
	= 225 keV) 

	51Sm 
	51Sm 
	87 
	Y 
	B particle (E max 
	= 76 
	keV) 

	Ca, 
	Ca, 
	I, 
	Sr 
	stable 
	None 


	Type of detection -Gamma counting: NaI(Tp), Ge(Li) detectors. 
	Beta Counting: gas-filled proportional counter. 
	Alpha pulse-height analysis, 
	(solid state, Frisch-grid chamber), mass spectrome-try. 
	Alpha pulse height analysis. 
	Alpha pulse height analysis. 
	Gas-filled proportional counter. 
	Liquid scintillation counter. 
	Liquid scintillation counter. 
	Gamma spectrometry of separated samples. 
	Beta counting: gas-filled proportional counter. 
	Liquid scintillation counter, x-ray detection (Si diode). 
	Beta counting: gas-filled proportional counter. 
	Beta counting: gas-filled proportional counter. 
	Liquid scintillation counter. 
	(Atomic absorption) 
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	Laboratory, 
	Laboratory, 
	Laboratory, 

	Type 
	Type 
	of 
	samples 
	number 
	of 
	samples 

	Soil, 
	Soil, 
	sediment, 
	core 
	MCL 
	1923 

	TR
	LFE 
	1007 

	TR
	EIC 
	486 

	Marine 
	Marine 
	MCL 
	121 

	TR
	LFE 
	198 

	TR
	LRE 
	114 

	TR
	LLL 
	10 

	I 
	I 
	Plankton 
	MCL 
	16 

	z (DI 
	z (DI 
	Algae 
	LFE 
	3 

	TR
	Vegetation 
	MCL 
	130 

	TR
	LFE 
	51 

	TR
	LLL 
	11 

	TR
	Animal 
	MCL 
	53 

	TR
	LFE 
	163 

	TR
	LLL 
	15 

	TR
	Seawater 
	LLL 
	47 

	TR
	LFE 
	62 

	TR
	Air 
	filter 
	MCL 
	58 


	Table 113. Summary of wet-chemistry 
	Analyses 
	Maior nuclides 238, 239,240pu)
	(55F e, “Sr, 
	23g1 240Pu (all), 55Fe (2) 9Osr. 239*24OPu (all), 236Pu (29) “Sr , 23gn 240Pu (all) 
	g”sr, 238Pu, 

	55Fe gosr 238Pu 239,240pu (all)
	, 
	239, 240Pu (aII)
	55Fe, 9Osr, 239,240Pu (aIl), 2311Pu (aIl)
	55Fe, 9’S,, 
	‘OS,, 238Pu, 23gl 240Pu (all) 55Fe(l), “S,(l), 23ga240Pu(2) 55Fe(28), “Sr, 238Pu, 23g* 240Pu (all) 
	55F,(ll), 90Sr, 2:i!)#2401>u (al*) 
	55Fe(53), 9’S,, 236Pu, 239’ 240Pu (all) 55Fe( 116), 9’S,, 23g’ 240Pu (all) 
	238Pu 239 .240Pu (47) 
	“Sr(6 2) 238Pu 
	, 23g’240P~~ (all) 
	analyses. 
	performed Minor nuclides
	.______-__I (3K14C, 63Ni, 6j2n,113mCd,144Ce,147Pm.151S1,1,’~) 
	65%, (4), 113m(.d (!I), (‘r (‘I), II (2), 24?1111(:!.1) 
	144 

	3rr(lo), ll:+:(,(‘,) 
	3rr(lo), ll:+:(,(‘,) 
	3rr(lo), ll:+:(,(‘,) 
	l4 (I( 11) 

	“%Ii(:j), 3Il(15) 
	“%Ii(:j), 3Il(15) 
	113’“Cd(2), 
	147Fm(5), 
	%n1(5), 
	241A,l,(i;) 


	Table 114. McClellan Central Laboratory: Chemistry scheme for determination of go Sr and Pu in coralline soils and sediments. 
	Dissolution Fire coral at 950°C for 8 hr. Dissolve 12 M KC1 i 5. 5 M HI; dilute with H20. a Working solution for aliquots, combined Sr-Pu. 
	236
	Separation To aliquot, .add Y carrier, Pu or 242Pu tracer. b Ppt Y(OH)3 by adding NH40H. (Note Sr-Y separation time). Wash ppt H20; dissolve 16 M HN03, dilute with H20.
	-Ppt Y(OH)3 by adding NH40H. Wash ppt H20; dissolve satd HCB + few drops HN03. Load on Dowex 1 X 8 column (Pu-Y separation). Wash column 12 M HCJ? . (Load and wash to Y purification).
	-Elute Pu with 12 M HCI! + satd NH4I. (To Pu purification).
	-
	Y purification Evaporate column load and wash fractions to dryness. Dissolve in 0.1 M HCQ.
	-Extract twice with 10% HDEHP (toluene). Back-extract 3 M HCP.
	-Ppt Y(OH)3 by adding NH40H. Wash H20; dissolve 12 M HCP + H20, filter.
	-Ppt Y oxalate by adding satd oxalic acid, digestion. Filter ppt, dry, fire to Y203 at 9OO”C, 1 hr. Weigh, beta count g”Y . 
	Pu purification To column eluant, add 5 M NH20H HCL, LaCP3 carrier,
	-satd NH41, ZrO(N03)2 carrier. Boil to reduce volume. Ppt LaF3 by adding HF. Dissolve HNO3 + H3BO3. Ppt La(OH)3 by adding NH40H. Dissolve 16 M HN03, boil. Ppt La(OH)3by adding NH40H. Wash H20; dissolve 12 E HCP + few drops HN03. 
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	F 
	Table 114 (continued). 
	pu purification Load on Dowex 1 X 8 column. (continued) 
	Wash 12 M HCP, 12 M HCJ!-dilute HF, more 12 M HC2. 
	Elute Pu with 12 M HCE -HI. 
	-Add two drops H2S04; fume to SO3 evolution. 
	Electroplate in 10% (NH4J2S04 solution. 
	Determine Pu by either cy pulse-height analysis or mass-
	spectrometric analysis. 
	aThe addition of HI is necessary to insure equilibration of plutonium tracer with the plutonium in the aliquot of the working solution. 
	b236
	Pu 
	242 

	was used as an alpha-PHA tracer; Pu could be used either as an alpha-PHA tracer or as a mass tracer. Note that 238 Pu could be determined only on those samples which were assayed via alpha-PHA. 
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	Table 
	Table 
	Table 
	115. 
	Laboratory 
	for 
	Electronics 
	-Environmental 
	Analysis 
	Laboratories: 
	Table 

	Chemistry 
	Chemistry 
	scheme 
	for 
	determination 
	of 
	90 Sr 
	and 
	Pu 
	in 
	coralline 
	soils 
	-

	and 
	and 
	sediments. 
	DiSSO-

	. 
	. 

	Dissolution 
	Dissolution 
	Fire 
	coral 
	at 
	900°C 
	for 
	12 hr. 

	Add 
	Add 
	Y 
	carrier, 
	236 Pu 
	tracer. 

	Dissolve 
	Dissolve 
	6 N HN03,-
	adjust 
	solution 
	to 
	0.05 
	M-
	HF. 
	Sr-Y 
	; 

	Separation 
	Separation 
	Evaporate 
	near 
	dryness, 
	add 
	H3B03. 

	TR
	Evaporate 
	near 
	dryness, 
	add 
	6 N HN03-
	+ 30% 
	H20,. 

	Boil 
	Boil 
	down, 
	add 
	more 
	6 N HNO3,-
	cool, 
	add 
	5% NaN02. 

	Load 
	Load 
	on 
	Dowex 
	1 X 4 
	column. 
	(Pu, 
	Sr-Y 
	separation). 

	Wash 
	Wash 
	column 
	6 N HNO3.-
	(Load 
	and 
	wash 
	to 
	Sr-Y 
	purification). 

	Elute 
	Elute 
	Pu 
	with 
	4 
	N HN03-
	-0. 1 E 
	HF. 
	(To 
	Pu 
	purification). 

	Sr-Y 
	Sr-Y 
	purification 
	Evaporate 
	column 
	load 
	and 
	wash 
	near 
	dryness. 

	Add 
	Add 
	H20; 
	adjust 
	to 
	pH 
	1. 

	Extract 
	Extract 
	with 
	20% HDEHP 
	(toluene). 
	(Note 
	Sr-Y 
	separation 
	time). 

	Wash 
	Wash 
	three 
	times 
	with 
	0.5 N HC1. 

	Back-extract 
	Back-extract 
	three 
	times 
	with 
	12 M-
	HCP. 

	Evaporate 
	Evaporate 
	to 
	dryness 
	(adding 
	fuming 
	HNO3). 

	Dissolve 
	Dissolve 
	12 
	M HCL-
	+ H20. 

	Ppt 
	Ppt 
	YF3 
	by 
	adding 
	HF. 

	Dissolve 
	Dissolve 
	HN03 
	+ H3B03. 
	Pu 
	ali 

	Ppt 
	Ppt 
	Y(OH)3 
	by 
	adding 
	NH40H. 

	Dissolve 
	Dissolve 
	6 N HCL 
	+ H20. 

	Ppt 
	Ppt 
	Y(OH)3iy 
	adding 
	NH4OH. 

	Wash 
	Wash 
	twice 
	with 
	H20; 
	dissolve 
	min. 
	6 N HCP.-

	Ppt 
	Ppt 
	Y 
	oxalate 
	by 
	adding 
	satd 
	oxalic 
	acid 
	+ H20, 
	digestion. 

	Filter, 
	Filter, 
	fire 
	to 
	Y 
	0 

	Weigh, 
	Weigh, 
	beta 
	2count 
	$6, 
	. 

	Pu 
	Pu 
	purification 
	Evaporate 
	eluant 
	to 
	low 
	volume, 
	adding 
	H2BO3 
	+ Fe 
	carrier. 

	Ppt 
	Ppt 
	Fe(OH)3 
	by 
	adding 
	NH40H. 

	Wash 
	Wash 
	dilute 
	NH40H. 

	Dissolve 
	Dissolve 
	6 N HNO3;-
	cool, 
	add 
	5% Na2N02. 

	Load 
	Load 
	on 
	Dowex 
	1 X 4 
	column. 

	Wash 
	Wash 
	6 N HNO3,-
	12 M-
	HCP. 

	Elute 
	Elute 
	Pu 
	with 
	12 JJ HCP -HI. 

	Evaporate 
	Evaporate 
	solution. 

	Electrodeposit 
	Electrodeposit 
	on 
	stainless 
	steel 
	disk 
	for 
	alpha 
	pulse-height 
	analYsis* 
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	% 
	,. 
	Table 
	Table 
	Table 
	116.’ 
	Eberline 
	Instrument 
	Company: 
	Chemistry 
	scheme 
	for 
	determination 
	of 

	TR
	00Sr 
	and 
	Pu 
	in coralline 
	soils 
	ana 
	sediments. 

	!S 
	!S 

	Dissolution 
	Dissolution 
	Fire 
	coral 
	at 
	500°C 
	for 
	12 hr. 

	TR
	Dissolve 
	8 N HNO3,-
	filter. 

	TR
	Working 
	solution 
	for 
	aliquots, 
	separate 
	Sr 
	and 
	Pu. 

	Sr-Y 
	Sr-Y 
	aliquot 
	Add 
	85Sr 
	tracer, 
	evaporate 
	dry. 

	TR
	Dissolve 
	0.08 
	N HCQ .-

	TR
	Extract 
	twice 
	with 
	20% HDEHP 
	(toluene). 
	(Note 
	Sr-Y 
	separation 
	time). 

	TR
	Discard 
	organic 
	each 
	time. 

	TR
	Add 
	Y 
	carrier 
	to 
	aqueous. 

	TR
	Count 
	sample 
	for 
	85Sr 
	with 
	gamma 
	spectrometer. 

	TR
	Store 
	sample 
	2 wk 
	90( Y 
	growth 
	period). 

	TR
	Extract 
	5% HDEHP 
	(toluene). 

	TR
	Wash 
	0.08 
	N HCP.-

	TR
	Back-extract 
	3 N HN03.-

	ne). 
	ne). 
	Ppt 
	Y(OH13 
	by 
	adding 
	NH4OH. 

	TR
	Dissolve 
	1 N -
	HCQ. 

	TR
	Ppt 
	Y oxalate 
	by adding 
	H20, 
	NH4 
	oxalate, 
	digestion. 

	TR
	Filter; 
	wash 
	ppt 
	with 
	H20, 
	alcohol. 

	TR
	Dry, 
	cool, 
	weigh. 

	TR
	Beta 
	count 
	g”Y 
	. 

	TR
	Pu aliquot 
	Add 
	236 Pu 
	tracer, 
	few 
	drops 
	25% Na2N02. 

	TR
	Extract 
	with 
	Aliquat 
	336 (quaternary 
	amine). 

	TR
	Wash 
	twice 
	with 
	8 N HN03,-
	four 
	times 
	with 
	10 M HCQ-H202_-

	TR
	Back-extract 
	Pu 
	twice 
	with 
	HCQ04-oxalic 
	acid 
	solution. 

	TR
	Add 
	NaHS04, 
	evaporate 
	dry. 

	TR
	Add 
	12 M HCQ,-
	evaporate 
	dry. 

	TR
	Electroplate 
	from 
	HCQ -NH4 
	oxalate 
	solution. 

	TR
	Wash 
	H20, 
	dry. 

	TR
	Determine 
	Pu 
	by alpha 
	pulse-height 
	analysis. 


	nalysis-
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	Table 117. McClellan Central Laboratory: Supplemental chemistry schemes required to process biological samples. 
	1. Fish, bird, rat samples -bones present: After ashing at 900°C and dissolution in 12 M HCI! -5. 5 M HI, the amounts of phosphate present prevented effective carrying on a hydroxide precipitate. The following procedure was followed: 
	Evaporate HCf -HI dry. Add 12 M HCP, evaporate dry.
	-Dissolve 12 M HC1, centrifuge insolubles.
	-Load on Dowex 1 X 8 column in 12 M HCI! + few drops HNO3.
	-Wash column with 12 M HCL.
	-
	Combine load, wash, insolubles; evaporate dry, proceed with Y purifica-
	tion shown in Table 114. Elute Pu from column with 12 $I_ HCL + satd NH41. Proceed with Pu purification shown in Table 114. 
	2. 
	2. 
	2. 
	Fish, bird, rat samples -muscles, kidneys, liver, viscera (no bones present): Ash at 9OO”C, dissolve in 12 M HCL -5.5 M HI. Proceed with Y(OHJ3 pptn as shown in Table 114. 

	3. 
	3. 
	Bird eggs: Ash, process as with coralline soils. 

	4. 
	4. 
	Plankton: Ash, process as with coralline soils. 

	5. 
	5. 
	Vegetation samples, coconut meat only: Ash at 600°C. Dissolve 12 M HCB + 5.5 M HI. Treat insolubles with HC10,-HF. Proceed as with soil procedure in Table 114. 

	6. 
	6. 
	Vegetation samples, all others: Dissolve in HN03 and HCaO,. Bake to dryness. Dilute with 6 g HCP plus 2 ml HI. Proceed as with soil procedure in Table 114. 


	7. Polystyrene air filters: 
	Distill styrene off at 450°C. Dissolve residue in 12 g HCP + 5.5 g HI. Proceed as with soil procedure in Table 114. 
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	6 
	Laboratory for Electronics -Environmental Analysis Laboratories:
	Table 118. 
	Supplemental chemistry schemes required to process biological samples. -
	1. Fish, crab samples. Dissolution Ash at 600°C for 12 hr. 
	f 
	Dissolve ash in 12 M HCP, filter.
	-
	‘he 
	Ash filter plus solids at 600°C. Dissolve in 12 M HCI; combine with filtrate. Add 236 Pu and -appropriate carriers (Y, Fe, others). Add few drops HF; evaporate to near dryness. Add HN03, H3B03; evaporate to near dryness. Add HN03, H202; evaporate to near dryness. Dissolve in 12 M HCf .
	-
	I-Separation Load on Dowex 1 X 4 column. Column load to Sr-Y purification. Elute Fe with 6 N HN03. (Fe separation -to Fe purification).
	-Elute Pu with 4 2 HN03-0. 1 N HF. (To Pu purification).
	-
	n): 
	2. Vegetation, bird, and egg samples. 
	Dissolution Ash at 600°C for 12 hr. Dissolve ash in 12 M HCP, filter.
	-Ash filter plus solids at 600°C. Dissolve in 12 M HCL; combine with filtrate. Add 236 Pu and -appropriate carriers. Add few drops HF; evaporate to near dryness. Add HN03, H3B03; evaporate to near dryness. Add HN03, H202; evaporate to near dryness. Dissolve in 6 N HN03.
	-Separation Evaporate to near dryness. Add 6 N HN03 and NH4NOg until saturated. Extract Pu with hexone. (Pu separation). Back-extract with 0.1 g HN03. Evaporate to dryness; dissolve in 6 g HN03. 
	Load on Dowex 1 X 4 column. Proceed with Pu purification at appropriate step in procedure given in 
	Table 115. Adjust aqueous phase to pH 1 with NH4OH. Extract Y with 20% HDEHP (toluene). (Sr-Y separation). Proceed with Y purification at appropriate step in procedure given in 
	Table 115. 
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	permitted correction to the recovered amount of iron carrier for any iron ori-ginally present in the sample. 
	Chemically bound tritium measure-ments were made on 35 selected marine, vegetation, and animal samples. A 10-g sample of dried material was taken for each determination. The chemical pro-cedure for this determination is as follows: The sample is ignited in the presence of 300-psi 02 in a Parr bomb. Water formed by this oxidation is dis-
	tilled 
	tilled 
	tilled 
	in 
	vacuum 
	into 
	a methanol-dry 
	ice 

	trap. 
	trap. 
	After 
	the 
	sample 
	is warmed, 
	NaOH 

	is 
	is 
	added 
	to 
	neutralize 
	the 
	solution. 
	The 


	sample is redistilled. The water is then reduced with magnesium at 600°C to pro-duce hydrogen gas which is put through a molecular sieve trap and then collected on a charcoal trap at liquid nitrogen tem-perature. The sample is ready for count-ing. 
	Carbon-14 measurements were made on 21 selected marine and vegetation samples. The desired sensitivity was obtainable with a sample size of only 300 mg of dried mat-erial. The chemical procedure for this determination is as follows: The sample is placed in a 2-liter, heavy-walled flask which has been flushed with oxygen. Fol-lowing ignition of the sample and complete oxidation, the flask is cooled to freeze out water. A trapping solution (15 ml) of phenylethylamine, toluene, and methanol is introduced into 
	Various chemical procedures were devised at MCL and LFE to isolate and purify fractions containing 63Ni, 113mCd, 
	Various chemical procedures were devised at MCL and LFE to isolate and purify fractions containing 63Ni, 113mCd, 
	147Pm 151Srn, and 24 IArn .

	, 
	yields were determined by the add‘t.
	1 loll Of known amounts of either carrier solutioU (Ni, Cd, Sm) or tracers (143a144a146 Prrl. 243Am). Several precipitations of nickel dimethylglyoxime were the key purifica_ tion Steps for a nickel fraction. Cadn,ium was isolated by precipitation of CdS and purified by absorption on (in 2 IJJ HCf) and elution from (in 1. 5 n/’ H2S04) a Dowex 1 X 8 column. The two rare earth, and americium were carried through com_ mon chemistry; elemental separation ,,.ag achieved by use of a Dowex 50 column eluted with ff
	Counting Techniques 
	Techniques for measuring nuclides in samples which were purified by wet chem-istry are summarized in Table 112. 
	Although all of the nuclides of interest (Table 112) have half-lives long enough that decay of a counting sample cannot be used conveniently as a means of identifi-cation, determination of Sr by chemi-
	90

	90
	tally “milking” the 64 -hr Y daughter does permil one to follow decay Of the energetic Y beta particles. Interference from other radioactivities can be readily identified and correction made. It is a highly specific technique for All laboratories used this method to de-termine “Sr. 
	g”Sr-goY. 

	Plutonium-238, plutonium-(239, 24O)* and americium-241 were determined by the addition of an appropriate tracer. 236Pu, 242Pu, or 243&n, at the begin-ning of analysis, and by measurement Of an isotope ratio in a purified sample. _J Isotope ratios were usually determined 
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	;i ,ornparison oi areas under alpha
	;i ,ornparison oi areas under alpha
	:‘!’ 

	5 of characteristic energies from
	g,.oW iju,se_height anaiysis data, although 
	~3me of the plutonium samples were 242 
	Pu for measurement by
	+iked with ,l,ass spectrometry at MCL. These observation of a characteristic
	,,ethods, a characteristic mass-
	Jtpha energy or io_charge ratio ior an ion, are highly ,pecific for the nuclides in question. 238 
	Pu data lvere measured
	Pu data lvere measured
	Ilost of the 

	,it MCL where it was determined 238 
	:&inely. Some additional Pu measure-
	,nents were maae at LFE and LRE. ,. 238 
	yeasurements o1 Pu were made on &out 60% of the samples. 
	Determination of 55Fe was based upon detectiofl of a 6-keV Mn K x ray which arises from the electron capture of 55Fe. Most often, samples were counted with thin NaI(TL) detectors, although some were measured with planar Ge(Li) diode detectors. Pulse-height analysis was used to provide energy discrimination. Good chemical purity of an iron fraction is required to eliminate interference from 
	other nuclides. The quantitative deter-mination of the 6-keV manganese K x ray also required a correction to account for self-absorption in the iron carrier. This correction varies from sample to sample and may lead to difficulties in comparing data from different laboratories. 
	Tritium was counted at LLL by intro-ducing the purified sample, as hydrogen gas, into an evacuated proportional counter t2.6-liter volume), adding 380-mm CH4 
	ad raising the absolute pressure to 1500 mm with tritium-free hydrogen. Acceptable pulses are determined by dis-crimination in rise time and anticoincidence With a guard counter arranged coaxially 
	around the tritium sample counter. 
	14
	Counting of C samples was performed at LLL in the following manner: Two equal aliquots of purified CO2 from a sample, absorbed in a mixture of phenyiethylamine, toluene, and methanol, uere mixed with liquid scintillator SO~U-
	tion (dimethyl POPOP and PPO in toluene). 
	Samples were counted at an optimum 14C 
	channel on an LS spectrometer for 
	100 min each. Energy discrimination 
	was used to screen out low-energy betas, 
	e. g., those from tritium decay. When a sample count rate did not exceed back-
	ground within statistical limits, an upper 
	limit was set at twice the value of the 
	standard deviation. 
	Another group of nuclides, 63Ni, 
	1 13mCd, 147Pm, and 15’ Sm, all long-
	lived beta emitters, were determined by 
	measuring beta activity in purified 
	samples. Those nuclides with less 
	energetic betas, 63Ni and 151Srn were 
	, 

	measured by liquid scintillation counting. 
	Aliquots of the purified sample were added to a scintillation mixture (dimethyl POPOP and PPO in toluene); each sample 
	was counted with a Tracerlab scintillation spectrometer. The 113mCd and 147Pm samples were measured with gas-flow (pure methane) proportional counters. The 147Pm samples required gamma counting Ge(Li) detector as well to pro-
	[ I vide chemical yield data from the 143,144, 146pm tracer 
	. Because this 
	group of nuclides has long half-lives, so 
	that samples cannot be conveniently 
	followed for decay, preparation of the samples was done with considerable care to insure good chemical purity. 
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	.i
	Qualitv-Control Pro,fzram analyses for sample 4 showed a large spread and replicates did not agree; prc_ 
	-zjoil Samples s umably, this sample was nonhomogeneous _’ 
	:
	_&-I initial set of soil samples was dis-due to inadequate blending. This finding 
	tributed to the laboratories for calibration is consistent with the “Sr results becaus,, c 90 
	purposes. These samples were produced Sr was present only in one of the two by Dlending varying proportions of two ingredients, that which comprised the coral batches v:ith different specific acti-major portion of each Sample. (Included 
	239, I’-lopu
	vities. _Analytical results for in the table are entries for MCL with the and 9oSr are listed in Table 119. The date, 5/73. These three samples were plutonium content of these samples ranged blind standards submitted for analysis in 
	90
	from 0. 41 to 17. 8 dpmlg; the Sr content the middle of the analytical program.) \vas uniform in all sampies, with a mean The plutonium results for Sample 1 value of 3. 96 i 0. 10 dpm/g. Plutonium measured in January 1973 are quite con-
	239,240
	Table 119. [nterlaboratory calibration, coral soil samples, Fu and “Sr. Concentration, dpm/g 
	No. 0001 No. 0002 No. 0003 No. 0004 No. 0005 
	239, 24OPu 
	LLL l/73 18.0*1.7 0.51M. 04 0.45H. 02 2.52M. 91 MCL l/73 17.6fl. 0 0.46kO. 02 0.47M. 05 1.90M. 11 __-_ ____
	0.41M.02 
	0.41M.02 

	MCL 5173 14.6M. 8 0.48kO. 02 1.54M. 08 
	-a_-
	LFE l/73 18.7M.8 3. Olfo. 12 EIC l/73 16.9fl. 1 0.60M. 15 0.54io. 14 1.48M. 16 0.53rto. 14 
	0.44rto.03 

	goSr 
	__-_ ____ -_--
	_a__
	LLL l/73 3.40M. 17 MCL l/73 4.13M. 12 4.14&O. 58 3.90M. 12 4. OOM. 12 ____ _^__
	4.15ko.23 

	MCL 5/73 3.64fo. 17 4.26fo. 21 LFE l/73 3.43fo. 21 3.49fo. 21 3.52fo. 18 3.68fo. 18 3.58M. 21 EIC l/73 4.83M. 39 3.90M. 33 4.92M. 29 4.29fo. 33 3.92io. 29 
	4.04M.40 

	Mean (all results) = 3. 96fo.43 LLL (av) = 3.40M. 17; LLL/mean = 0.86 (1 sample) MCL (av) = 4.03M. 19; MCL/mean = 1.02 LFE (av) = 3.54&O. 10; LFE/mean = 0.89 EIC (av) = ; EIC/mean = 1.10 
	4.37M.49
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	Sistent and give a mean value, laboratories showed acceptable agreement. 
	17.8 k 0. 4 dpm,‘g, with 10% spread. -bother plutonium interlaboratory 
	COmpariSOnS for Samples calibration was performed by distributing 2, 3, and 5 showed a greater spread than a standard solution to each laboratory. for sample 1, with EIC reporting results The results are listed in Table 120. The systematically higher than the mean of best value for the solution concentration LLL, MCL, and LFE by 17-26’& although is probably given by the mean derived the relatively large error limits set by from equally weighted values, EIC encompass the mean of the other 1278 k 14 dpmiml, b
	Laboratory 

	90
	laboratories. The Sr data from all spectrometric data from LLL and MCL 
	Table 
	Table 
	Table 
	120. 
	Interlaboratory 
	calibration, 
	239 FYI standard 
	solution 
	(No. 
	1100). 

	TR
	Concentration 
	of 

	Date 
	Date 
	239,240 
	Pu, 
	dpmiml 
	Technique 
	Reference 
	tracer 


	614173 1303f28 Direct assay, counter Counting standard: 
	efficiency = 49.6% H. E. 241Am II 242 
	614173 132Ok-20 Pulse-height analysis Pu: Environmental 
	standard 242
	614173 1265rt5 Mass spectrometry Pu: Mass spectro-metry standard 
	MCL 2361,u
	10/g/73 1255f15 Pulse-height analysis 2421,u
	5/g/73 1272s Mass spectrometry 
	LFE 236&
	4125173 133Ok27 Pulse-height analysis 
	LRE 236
	6129173 1273k64 Pulse-height analysis F’u (HASL calibration) 
	EIC 236
	3/6/73 1207f54 Pulse-height analysis Pu (LLL calibration) 
	Mean (equiv wt) = 1278f14 CT (single detn) = f39 (3 (mean) = f14 Mean (weighted) = 1270&I u (single detn) = f12 
	u (mean) =M 
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	-may have unrealisticall:: .ow errors quoted. These errors art derived only from counting statistics 2nd do not include any estimates of error irom calibration of 242Pu tracers . Differences between pulse-height analysis oi Fiutonium alpha activity and mass-spectr?metric analyses 
	242
	,::ith Pu tracer woulc :nclude any error in the half-life of 242 PC. The total spread of the determinations wzs 9. 7%. 
	Pairs of soil aliquots irom common iield samples were distr:zuted to MCL, LFE, and EIC over the course of the analytical program. Th-s, performance of a given laboratory reiative to the others was monitored. 1.7 most cases, LFE and EIC results were compared with MCL results. It should be noted that in this comparison nonhomogeneity of any given sample could cause an observed difference between laboratories. However, we have some confidence in this question of homogeneity based upon results obtained 
	137
	by gamma-counting Cs. Analysis of the data for 24 pairs of soil aliquots shows an estimated difference of 6% between duplicate soil aliquots which can be ascribed to lack of homogeneity. 
	Data for laboratory comparisons of 239, 240pu and 
	Sr results are given in Tables 121 and 122. Entries in these tables include measured concentrations and errors from each laboratory and a ratio of concentrations with the error on the ratio derived by propagating the 
	90

	measurement errors. Entries in Tables 121 and 122 in parentheses are results which have been discarded before calculating laboratory ratios. The ratios are listed again ‘in Tables 123-126 accord-ing to laboratory and nuclide, along with a statistical analysis of each set. Loga-
	-460-
	rithms of the ratios were averaged to produce a mean value for a given set of data. The significance of a mean value differing from unity (i. e., indication ef possible bias), was tested by calcul t. 
	a ing the standard deviation, s_, of the mean 
	!J ,G (logarithmic mean), multiplying s_ h ’ 
	S’a 
	factor t which is based upon the 95y0’,,,_ fidence level and is obtained from standard tables, and comparing the value of t . s_ with 9. If the logarithmic means exceed: 
	t. s_, the observed bias is said to he 
	i-1 significant with a 95% level of confident,. 
	In the LFE/MCL comparisons, the plutonium results (Table 123) show that if one includes all samples (29), a mean laboratory ratio of 1. 06 k 0.04 is calcu-lated with no evidence for significant bias. If we exclude the two most deviant members of the set, a mean laboratory ratio of 1. 02 f 0. 03 is calculated; again, there is no evidence for significant bias. The go Sr comparison (Table 124) shows a mean laboratory ratio (LFE/MCL) of 
	0. 943 f 0. 033 if one includes all samples; a statistical test indicates the bias is not significant in this set of data (the value of t .sfi exceeds that of ii). If we exclude the two most deviant members of the set* a pair of ratios which are nearly twice the mean value, a mean laboratory ratio of O. 901 f O. 012 is calculated. This re-duced set of ratios exhibits much less variation; statistically, the observed bias is significant at the 95% confidence level* 
	In the EIC/MCL comparisons, the plutonium data (Table 125) have had Only indet 
	_
	one very low ratio excluded; the rema 
	produces a mean laboratory ratio of nificant
	0.85 f 0.02, with statistically sig bias indicated. The range of values and 
	i of 
	I! e 
	of ling 
	an, oY a -‘on-
	-ndard 
	* s_
	!J 
	wds ‘2 
	me. 
	f 
	:at 
	ean 
	cu-
	-iant 
	’r y 
	ain, ias. ,\VS 
	Of 
	pies; 
	not 
	ue .ude set, 
	e ltio 
	re-5 bias vel. 
	,nly iinder 
	cant 
	md 
	._ 
	3 
	_. _. 
	L? 
	__ 

	% 
	._ 
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	Table 12 1 (continued). 
	Table 12 1 (continued). 
	Table 12 1 (continued). 

	Concentration of 
	Concentration of 
	239,240 Pu, dpm/g 
	Concentration 
	of 
	90 Sir, 
	dprn/g 

	Sample No. LFE data 
	Sample No. LFE data 
	MCL data 
	LFE/MCL 
	I,FE data 
	MCI, 
	data 
	r.FE/nlc:r, 

	CLARA 100 profile 
	CLARA 100 profile 

	30-0843-03 191s 
	30-0843-03 191s 
	164fla 
	1. 1GkO. 13 

	33-0844-03 163*15 
	33-0844-03 163*15 
	143f12 
	1.14k-o. 14 

	34-0845-03 62. ak2. 5 
	34-0845-03 62. ak2. 5 
	58. 2f5.6 
	1.08rtO. 11 

	35-0846-03 15.8kO. 5 
	35-0846-03 15.8kO. 5 
	14.2*1.0 
	1. llko. 09 

	37-0847-03 3.69&O. 15 
	37-0847-03 3.69&O. 15 
	3.57&O. 13 
	1. 03fO. GB 

	39-0848-03 1. 1ofo. 09 
	39-0848-03 1. 1ofo. 09 
	0.84k.o. 05 
	1.21*0.10 

	TR
	0.99k-o. 00 

	TR
	Av O.!llrtO. 
	11 

	DAISY 100 profile 
	DAISY 100 profile 

	k 
	k 
	30-0852-04 380211 
	413H 
	0. 92*0.03 

	gI 
	gI 
	33-0853-04 91.5f3.7 
	86.6f5. 8 
	l.OfiO. OS 

	TR
	34-0854-04 44.6k-1. a 
	46.8ztF. 1 
	1.05fO. 15 

	TR
	3a.w. 7 

	TR
	Av 42. G+5. 
	II 

	TR
	35-on’,‘l-04. < 23. 3 to. 7 
	25.111.r; 
	1). !):I to. 07 

	TR
	36 -00%; -04 fi.2110. I!) 
	7. 6!)fO . ‘J’I~ 
	0. a1 LO. 05 

	TR
	3a-ofJ57-04 2.97 to. 06 
	2. 5” IO. l!l 
	1, III IO. O!) 

	TR
	39-0856-04 0. UOfO. 02 
	0. BGkO. 05 
	0. !I3 FO. O(i 

	TR
	40-01359-04 0.3310.01 
	0.33j.o. 03 
	1. OOkO. 10 

	TR
	(0.57fO. 16) 


	Table 121 (continued). 
	90
	Concentration of Sr, dpm/g
	Concentration of 23DD 240P~, dpmLg 
	LFE/ MCL
	LFE data MCL data
	LFE/MCL
	Sample NO. LFE data 
	MCL data 

	Table 
	Table 
	Table 
	12 1 
	(continued). 

	TR
	Concentration 
	of 
	239, 
	240 Pu, 
	dpm/g 
	Concentration 
	of 
	9’3r, 
	dpm/g, 

	Sample 
	Sample 
	No. 
	LFE 
	data 
	MCL 
	data 
	LFE/ 
	MCL 
	LFE 
	data 
	MCL 
	data 
	I,FE/ 
	n1c.r. 

	<JANET 
	<JANET 
	surface 
	samplrs 

	32-3793-10 
	32-3793-10 
	37.7*1.5 
	36. o-to.4 
	1.0510.04 
	115L2 
	I :I:$ 13 
	0. ‘ii, 
	IO 
	0:: 

	JAN 
	JAN 
	051-000-015 

	31-3850-10 
	31-3850-10 
	79. IlJz3.2 
	71. lf0.7 
	1.12fO. 
	05 
	:~o:!lc 
	:: 5ii I ‘I 
	0. 11.1IO. 0:; 

	JAN 
	JAN 
	066-000-005 

	32-3856-10 
	32-3856-10 
	45.312.3 
	3 ‘1 L. 3 to 
	. 4 
	1. 1510. 
	Oli 
	I ‘IO I:! 
	21 
	I !i 
	0. ‘I ; l(I. 
	0.; 

	JAN 
	JAN 
	069-000-O 
	15 

	32-4514-10 
	32-4514-10 
	3:). 
	5 i-2. 0 
	38. 2 IO. 7 
	1 . 0 :i IO. 0 5 
	I :sr; ! 1 
	Iii0 
	Ii, 
	(I.‘11 
	~O.Oi 

	JAN 
	JAN 
	084 -000-O 
	15 

	32-3922-10 
	32-3922-10 
	49.0fl.O 
	54. OfO. 
	5 
	0.91-10.02 
	‘7 
	llii 
	:K:ill.!J 
	0. ii 1 IO. 
	0:i 

	JAN 
	JAN 
	101-000-015 

	32-3926-10 
	32-3926-10 
	49. Ofl. 
	5 
	48. Ok2. 
	0 
	1.02kO.05 
	2 l:,! 
	11 
	Z3’17 
	0. !I:( IO. oii 

	k 
	k 
	JAN 
	103-000-015 

	zI 
	zI 
	-____--_________ 


	p 
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	Table 
	Table 
	Table 
	122 (continued). 

	TR
	Concentration 
	of 
	r 23% L40Pu 
	d 
	m, 
	Concentration 
	of 
	90 Sr, 
	dpm/g 

	Sample 
	Sample 
	No. 
	EIC 
	data 
	MCL 
	data 
	EIC/ 
	MCL 
	EIC 
	data 
	n4c1, data 
	EIV/ 
	rkl(‘I, 

	JANET 
	JANET 
	100 profile 

	30-0978-10 
	30-0978-10 
	128i4 
	147f5 
	0. 87fO. 
	04 
	1027f8 
	1’2O-t20 
	0. 85kO. 
	02 

	TR
	129f2 
	1043k8 
	(332k4) 

	TR
	Av 
	128f2 
	Av 
	1035iR 

	33-0979-10 
	33-0979-10 
	44.2fl. 
	5 
	47. Ofl. 
	7 
	0.92fO. 
	03 
	498i5 
	47 
	If!1 
	1 0 3 I 0 0 3 

	TR
	42. 5fO. 
	8 
	475*5 

	TR
	Av 
	43.3m. 
	9 
	Av 
	48iit12 

	34-0980-10 
	34-0980-10 
	5.43m. 
	37 
	5.45io. 
	25 
	0.94 
	to. 
	07 
	17013 
	1 i; 11 i I 
	1, 0 1 to. 
	02 

	TR
	4.76fO. 
	18 

	TR
	Av 
	5.10m. 
	33 

	PEARL 
	PEARL 
	lb0 
	profile 

	30-0867-17 
	30-0867-17 
	18. lm. 
	8 
	22.8fl. 
	1 
	0.81m. 
	05 
	25. 2fl. 
	2 
	23. 312. 
	1 
	1.06fO. 
	10 

	#k 
	#k 
	18.9x). 
	8 
	24.4fl.0 
	(7. 
	92~1.74) 

	m 
	m 
	Av 
	18.5m.6 
	Av 
	24. DkO. I; 

	mI 
	mI 
	33-0868-17 
	9.03f-0.43 
	8.65kO. 
	31 
	1.14m. 
	lo 
	25. 5fl. 
	1 
	18. OkO. 
	8 
	1.15M. 
	29 

	TR
	10.69m. 
	58 
	18.2m. 
	8 
	l!l. 
	8kl. 
	5 

	TR
	Av 
	9.86m. 
	83 
	Av 
	21. U-15. 2 
	Av 
	1fJ. 9fl. 
	3 

	TR
	34-0869-17 
	8.45m.48 
	8.91f0.41 
	1. 14m. 
	20 
	31.7fl. 
	3 
	33. 5f2.8 
	0.9510.0!1 

	TR
	11.89*0. 
	84 

	TR
	Av 
	10.17fl. 
	72 

	TR
	SALL,Y 
	200 profile 

	TR
	30-0884-19 
	9.09kO. 
	48 
	ll.liO.4 
	0. 82kO. 
	04 
	71. 5k-2. 
	3 
	71.2M. 
	9 
	1. oolto. 
	03 

	TR
	9.09m. 
	27 

	TR
	Av 
	9.09m. 
	27 

	TR
	30-0885-19 
	12.75kO.73 
	12.9m. 
	6 
	0.99fO. 
	05 
	104 f2 
	81i-5 
	1. 29fO. 
	08 

	TR
	12.75m. 
	37 
	(143J.S) 

	TR
	Av 
	12.75m. 
	37 


	Table 
	Table 
	Table 
	122 
	(continued). 

	TR
	Concentration 
	of 
	23gD 240Pu, 
	dpm/g 
	Concentration 
	of 
	90 Sr, 
	dpm/g 

	Sample 
	Sample 
	No. 
	EIC 
	data 
	MCL 
	data 
	EIC/MCL 
	EIC 
	data 
	MC‘12 
	data 

	. _ __-
	. _ __-
	__., 
	_.. 


	m
	..~._... _.-. _.. -._ .-.. _ _. .-. ..-..----------. .--
	Table 122 (continued). Concentration Sample No. EIC data ALICE 024 profile 30-2044-01 148f5 33-2045-01 377f12 34-2046-01 lOOti 
	Table 122 (continued). Concentration Sample No. EIC data ALICE 024 profile 30-2044-01 148f5 33-2045-01 377f12 34-2046-01 lOOti 
	Table 122 (continued). Concentration Sample No. EIC data ALICE 024 profile 30-2044-01 148f5 33-2045-01 377f12 34-2046-01 lOOti 
	of 
	239,240 Pu. dpm/g MCL data 208kll 637f70 13917 
	EIC/MCL, 0.71fO. 04 0. 5!liO. 07 0.7~~i-O.O5 
	Concentration EIC data 123Of12 22 lOf22 7 5 1 f I! 
	of 
	9 0 Sr, (IpIll/ I: MC’12 data UIiU I.1 1 “.‘nO i”>l 7”7 tl” 
	t:l(‘in~m. 0. !1010. (I:$ 0 co to 0.1 (1. !I‘1 10. O( 

	IRENE 047 profile* 30-4693-09 !lU.fill.O 
	IRENE 047 profile* 30-4693-09 !lU.fill.O 
	0. ‘iI{ 
	IO. 
	04 
	I. III 
	II), 
	:!I1 

	33-46!)4-09 
	33-46!)4-09 
	55 . Of1 . 0 
	82. 613. 
	‘J 
	0. lj710. 03 
	(I. 
	il:i IO. 
	lli 

	34-4695-09 
	34-4695-09 
	50. OfO. 
	9 
	77.4f7.1 
	0. fi5kO. 06 

	A a -I1 
	A a -I1 
	35-4696-09 
	57.6fl. 
	2 
	88.7f5.0 
	0.1;s 
	to. 
	04 
	2. (i310. 
	‘5 

	TR
	34-4697-09 
	IS!). 4 k2. 
	1 
	14 1 i!) 
	0. CL3 tn. 
	11.1 
	2. ‘I.1 IO. 
	1’1 

	TR
	39-4698-09 
	2?4 i-6 
	37n*v:j 
	0.7eio. 
	07 
	0. ‘I 110. 
	I 1 

	TR
	40-46911-09 
	197f4 
	280fllj 
	0.7010.04 

	TR
	4 l-4700-0!) 
	139zt3 
	219flO 
	0. (;:s fo. 
	03 

	TR
	42-4701-09 
	175M 189f5 
	272fl4 


	Av 182f5 Av 252*4:3 
	Table 123. Interlaboratory comparison, Enewetak soil samples. 
	23e,240. 
	Ratios oi measured Pu concentrations, LFEj MCL 
	BELLE 100 profile 
	CLARA 100 profile 
	No. = = 
	= 
	= S-= 
	I-1 
	= 
	= Range Significant bias? 
	1.09io. 05 0.85%. 04 1.26iO. 07 
	1.06?0.03 
	1.03?0.11 
	0.69+0.06 
	0.9750.05 

	() 
	1.93kO.63

	(1.48%. 23) 
	1. 1650. 13 1.14%. 14 1.08%. 11 1. 11M. 09 
	1.03*0.09 
	1.21ti.18 

	29 0.05731 0. 1846 
	0. 03408 0.03428 0.07010 
	0. 69-1. 93 No 
	1.0610.04 

	JASET 
	JASET 
	JASET 
	surface 
	1.05*0.04 

	TR
	1. 12+0.05 

	TR
	1. 15+0,06 

	TR
	1.03*0.05 

	TR
	0.91rto.02 

	TR
	1.02+0.05 

	DAISY 
	DAISY 
	100 profile 
	0.92s. 
	03 

	TR
	1.06M.08 

	TR
	1.05rto.15 

	TR
	0.93M. 
	07 

	TR
	0. RlfO. 
	05 

	TR
	1. 18kO.09 

	TR
	0. 93fO. 
	06 

	TR
	1. OOM. 
	10 


	27 0.02268 0.1315 
	0.01729 0.02530 
	0.05192 0.69-1.26 
	1.02*0.03 

	No 
	Interlaboratory comparison, Enewetak ioil samples.
	Tabl(J l-34. 
	n,-, Ratios of measured ‘;'"-LFElhICL
	>r concentrations, 
	.JASET surface 0.C1'3+0-. 03 
	0.91*0.02 
	0.;3+0.02 
	0.93*0.09 
	o.siio.03 
	0.8810.01 
	0.92ic.02 
	0.?1+0.04 

	() 
	1.77*0.10
	O.Slro.03 
	0.91M.01 
	0.~3ltO.06 
	0.9810.01 

	() DAISY 100 Dr?file 0 nv+o. 03 
	1.67*0.10
	0.82rtO.02 
	1.01_c0.07 
	0.23io.02 

	liE~,~E100 profile 
	.L__ c‘I..?iR_4 
	0.86iO.O-l 0.97f0.0.3 0.?i_tO.O1i o.!Js*o. 02 
	0.86zkO.04 
	0.91*0.04 
	0.91*0.05 
	0.s0~0.01 
	0.90+0.03 
	0.9410.04 

	100 profile 
	SO. = 28 26 
	/1 = -0.05863 -0.1048 Sl = 0.1811 0.06548 s 2 = 0.03280 0.004287
	1 s_ = 0.03423 0.01284 t.s; = 0.07010 0.02640 
	efi = 
	0.943kO.033 0.901c0.012 Range = Significantbias? No Yes 
	0.75-1.77 
	0.75-1.01 
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	Table 
	Table 
	Table 
	125. 
	Interlaboratory 
	calibration, 
	Enewetak 
	soil 
	samples. 

	TR
	733 
	240 

	-
	-
	Ratios 
	of 
	measured 
	-a 
	’ 
	Pu 
	concentrations, 
	EIC,’ 
	~ICL 


	ALlCE 
	ALlCE 
	ALlCE 
	100 profile_ 
	0.99+0.07 
	.TANET 
	100 nrofile 
	0.8710.0-1 

	TR
	0.01*0.09 
	0.92kO. 
	03 

	TR
	1. oorto. 
	11 
	0.94H. 
	07 

	TR
	1.20*0.21 

	TR
	1.64&O. 
	34 
	SALLY 
	200 profile 
	0. 82M. 
	04 

	TR
	0.9810.38 
	O.DSzkO. 
	03 

	ALICE 
	ALICE 
	024 profile 
	0.71f0.04 
	PEARL 
	100 profile 
	0.81M. 
	05 

	TR
	0.59*0.07 
	1.14+0.10 

	TR
	0.781-O. 
	05 
	1. 14*0.20 

	PEARL 
	PEARL 
	101 profile 
	0,72&O. 
	17 
	IRENE 
	0.50 
	profile 
	1.15&O. 
	11 

	TR
	1.04M. 
	13 
	1.4OkO. 
	13 

	TR
	0.80*0.06 
	0. 88iO. 
	08 

	TR
	0.77M. 
	04 

	IRENE 
	IRENE 
	04’7 
	profile 
	0.78iO. 
	04 
	0.77fO. 
	04 

	TR
	0.67fO. 
	03 
	0.92fO. 
	04 

	TR
	0.65f0.06 
	0.87kO. 
	05 

	TR
	0.6510.04 
	0.95fO. 
	11 

	TR
	0.63kO. 
	04 
	0.68kO. 
	08 

	TR
	0.7810.07 

	TR
	0.70*0.04 
	IRENE 
	100 profile 
	(0.038kO. 
	003) 

	TR
	0.63fo. 
	03 
	0.74kO. 
	04 

	TR
	0.67kO. 
	04 
	0.74*0.04 

	TR
	0.75fO. 
	04 

	TR
	0.76M.04 

	TR
	0.80M. 
	04 

	No. 
	No. 
	= 
	43 

	cl 
	cl 
	= 
	0. 1670 

	S 
	S 
	0.2223 

	2 
	2 
	0.0491 

	s-
	s-
	= 
	0.03390 

	t.CL 
	t.CL 
	x 
	0.06846 

	efi 
	efi 
	: 
	0.85fO. 
	02 

	TR
	Range 
	0. 59-1. 64 

	Significant 
	Significant 
	bias? 
	Yes 


	T&k 126. Interlaboratory calibration, Enewetak soil samples. / 
	Ratios of measured “Sr concentrations, EIC/ h2CL 
	.A~ICE / 
	.A~ICE / 
	.A~ICE / 
	100 profile 
	0. 8850.03 0.9050. o-1 
	IRENE 
	100 
	profile 
	0. G5IO. 1.2oio. 
	02 14 

	TR
	0. 86iO. 
	04 
	1.34*0.04 

	TR
	0. 8610.05 
	(2.05iO.33) 

	TR
	0. !x*o. 
	05 
	1. 55fO. 
	08 

	TR
	0.32io.05 
	1.41*0.22 

	ALICE 
	ALICE 
	024 profile 
	0. oo*o. 
	03 
	IRENE 
	047 
	profile 
	l.OlfO. 
	30 

	TR
	0.88*0.0-r 
	0.83M. 
	07 

	TR
	0.17410.03 
	(2.0210. 
	18) 

	TR
	(2.63K). 
	25) 

	PEARL 
	PEARL 
	101 orofile 
	0.8510.12 
	(2. 
	54&O. 
	19) 

	TR
	0.91_+0.04 
	0.91fO. 
	11 

	TR
	(0.37*0. 
	OF! 
	0. 84s. 
	1-l 

	TR
	0.67tO. 
	08 

	JANET 
	JANET 
	100 profile 
	0.85kO.02 
	0. 81fO. 
	14 

	TR
	1.03*0.03 

	TR
	1.01*0.02 
	IRENE 
	050 
	profile 
	0.8910.04 

	TR
	0. 94*0.04 

	PEARL 
	PEARL 
	100 Drofile 
	1.06+0. 
	10 
	0. 8550.03 

	TR
	1.15ti. 
	29 
	0. 843.04 

	TR
	0.95io.09 
	0.75+0.02 

	TR
	0.97M. 
	05 

	SALLY 
	SALLY 
	200 orofile 
	l.OOM.03 
	0.99*0.09 

	TR
	1. 29kO. 
	08 
	0.77*0.03 

	TR
	1.06fO. 
	05 

	NO. 
	NO. 
	= 
	44 
	39 

	TR
	p 
	= 
	-0.0004 
	-0.0601 

	Sl 
	Sl 
	= 
	0.3486 
	0. 1837 

	512 
	512 
	= 
	0.1215 
	0.03375 

	s-
	s-
	= 
	0.05256 
	0.02942 

	t. s; 
	t. s; 
	= 
	0.1061 
	0.05942 

	ep 
	ep 
	= 
	1.00fo.05 
	0.94io. 
	03 

	Range 
	Range 
	0.37-2.63 
	0.65-l. 
	55 

	Significant 
	Significant 
	bias? 
	No 
	Yes 
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	. . 
	the standard deviation of a single member of the 5et are both comparable with values deri;-ed for the LFE/MCL plutonium comparisons; however, this EIC/MCL set . exhibits significant bias. The EIC/MCL “‘Sr comparison (Table 1261 is characterized by somewhat greater variation in values’ 
	than observed in the preceding tables. If we inciude all values listed in Table 126, the mean laboratory ratio is 1.00 * 0. 05, with no indication of significant bias. If we exclude the five most deviant ratios, the range of values and the standard deviation of a single member of the set 
	are reduced to values comparable to those encountered in the other comparisons. The mean laboratory ratio for this re-duced set is 0. 94 rt 0. 03, with statistically significant bias indicated. 
	Of the four comparisons just discussed, only the LFE/MCL plutonium data showed both satisfactory mean values and no evi-dence for bias. If one wants to derive a most consistent set of data, the derived values for interlaboratory bias can be used to adjust all of the plutonium and strontium soil data to a common calibra-tion. However, considering the urgency for completion of the survey report and the general nature of the schedule of the analytical program, we have not made any arbitrary adjustment of data.
	EIC/ MCL plutonium comparison remains a problem. Although the data presented in this report are as reported by each laboratory, we have identified the source of wet-chemistry analyses for each sample in the general data bank given in Appendix II, if there is need for data adjustment. 
	hlarine Sam les 
	-Among the marine samples, inter _ laboratory comparison was made t)y (Iis_ tributing aliquots of dried and homogenlzVd material to more than one laboratory. These comparisons were made to “heck laboratory results for bias, 
	recognizing that some samples may Present difficulti,\ due to incomplete homogenization, e. g., eviscerated whole fish which show pieccss of bone, etc. Comparisons between LRE and &ICL for 23g’ 240p~, “Sr, and 55Pe are listed in Table 127. In manv cases a comparison is labeled either consistent or inconsistent. 
	Consistent comparisons usually involve an Upper limit set by one laboratory and an actual measurement by the other laboratory, where the measured concentration is lower than the upper limit. Those com-parisons where a measured concentration 
	exceeded an upper limit are labeled 
	inconsistent. The results are summar-
	ized in Table 128. 
	The effectiveness of this comparison 239, 240Pu Ad 9OS,
	is reduced because 
	results from MCL for many samples arc 
	upper-limit values. Positive signals 
	from both laboratories were obtained for 
	only a few samples. One factor which led 
	to this situation was generally low concen-
	trations of plutonium and strontium in 
	marine samples; given additional time 
	and effort, additional measurements for 
	interlaboratory calibration would be 
	appropriate. 
	Par 239,240 
	Pu, five valid comparisOns gave a mean laboratory ratio, LRE/MCL ’ 
	1. 01 +0.06 with no evidence of significant
	-0.05’ 
	bias. There were four comparisons 
	where the results were inconsistent; the 
	W; worst of these cases was for 09-9381-37 & 
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	Figure
	Table 
	Table 
	Table 
	127 (continued). 

	Sample 
	Sample 
	Concentration 
	239,240of 
	Pu, 
	dpm/g 
	dry 
	Concentration 
	9 0 of Sr, 
	dpm/g 
	dry 
	Concentration 
	55of vc, 
	tlp”“~ g Ii ry 

	09-0493-02 
	09-0493-02 
	LRE 
	0. 141ti.024 
	I ,RE 

	Mullet, 
	Mullet, 
	16. D&O. 2 
	17.9tl. 
	5 
	av 

	evisccratcd 
	evisccratcd 
	whole 
	M(‘I, 
	0.031rto. 
	003 
	iXJ[YJ 
	0.394fO. 
	034 
	R?(‘J. 
	17.!)11.0 

	TR
	LRE/MCL, 
	= 4. 510. !J 
	LRE 
	/ MC I, 
	= 0 . 7 (j J Il. 0 tl 
	I,ltk':/ILl('I,: l.lJO!O. IL1 

	09-0497-02 
	09-0497-02 
	LRE 
	LHE 
	0.443fO. 
	013 
	LRE 
	21.8*0.70 

	Mullet, 
	Mullet, 
	MCL 
	0.042fO. 
	008 
	MC L 
	0.654fO. 
	044 
	MCI, 
	21.7to. 
	54 

	eviscerated 
	eviscerated 
	whole 
	LRE/MCL 
	= 0. GUt-0.05 
	LIZE/MCL, 
	= 1.0010.03 

	09-0498-02 
	09-0498-02 
	LRE 
	19. 5fO. 
	6 
	1,RE 
	17.9fO. 
	2 
	I ,RE 
	184kl 

	Mullet, 
	Mullet, 
	viscera 
	MCL 
	18.6f0.7 
	MCL 
	< 2. 6 
	MCI, 
	402f6 

	TR
	LRE/MCL 
	= 1.05kO.05 
	Inconsistent 
	LHE/MCL 
	= 0.46ztO. 01 

	09-0499-02 
	09-0499-02 
	LRE 
	0.013M. 
	003 
	LRE 
	0.049kO. 
	015 
	LRE 
	4.6110.04 

	Mullet, 
	Mullet, 
	muscle 
	MCL 
	0.012fO. 
	002 
	MCI.. 
	co. 
	22 
	MCI. 
	18.7to. 
	5 

	IA ;p”I 
	IA ;p”I 
	09-0448-09 Snapper 
	LRE MCL 
	LRE/MCL 0. 146&O. 012 
	= 
	1.12kO. 
	31 
	LRE MCL 
	Consistent 1.84rkO.08 
	LRE/lVICI, 104+1 170*4 
	= 0. 25rtO. 01 

	TR
	l,RE/MCl. 
	7 O.GIiO.02 

	TR
	09-04 
	51-00 
	LRE 
	0.045*0.007 
	0. O!J7.10. 016 
	I .1t1,: 
	3:i. 510.4 

	TR
	Mullet, 
	muscle 
	MCL 
	0. 54fO. 
	08 
	‘. 0.33 
	RI(‘l, 
	3! J 2 k I . 6 

	TR
	LRE/MCL 
	= 0.063fO. 
	016 
	Consistent 
	LRE/MC‘I, 
	= 0. t15fO. O-1 

	TR
	09-0453-09 
	LRE 
	0.415f0.031 
	2.05fO. 
	03 
	26.910.2 

	TR
	Mullot 
	M<.‘I> 
	0.36fI10.028 
	1, 9fifO. 
	10 
	37.4k1.4 

	TR
	LRE/iVCL 
	= 
	1.07 
	to. 
	11 
	LRE/MCL 
	= 
	1. 0510. 
	O(i 
	LRE/RIC‘I. 
	= 0.72dO. 
	03 

	TR
	09-0511-10 
	LRE 
	LRE 
	0.022fO. 
	004 
	I,RE 
	3.08kO. 
	03 

	TR
	Mullet, 
	MCL 
	CO.064 
	MCL 
	CO.68 
	McL 
	c4.0 

	TR
	eviscerated 
	whole 
	Consistent 
	Consistent 

	TR
	09-0575-20 
	LRE 
	LRE 
	L,RE 
	10.4fO. 
	1 

	TR
	Snapper, 
	muscle 
	MCL 
	< 0.004 
	MCL 
	CO. 24 
	MCL 
	13.3fO. 
	9 


	.^
	, 

	2 ?1 ^! 
	c c c c 
	-r-
	z 
	r_ 

	c = 2 4 
	Table 128. Interlaboratory calibration, marine Samples, ratios Of concentrat’ ii1 
	LRE 
	LRE 
	LRE 
	‘XCL. 

	239, 240p, 
	239, 240p, 
	"Sr 

	i.02M.07 14.5kO.9) 1.05io.05 1.12kO.31 
	i.02M.07 14.5kO.9) 1.05io.05 1.12kO.31 
	(0.16*0.03) 0.76M.08 0.68*0.05 1.05i-0.06 


	iO.083'0.018) 
	1.07io.11 

	0. 82&O. 19 
	30. = 5 
	II = 0.01023 
	SZ = 0.1215
	= 0.01476 s_ = 
	0.05434 
	cc t 'Sp = 0.1397 
	No sipificant 
	bias 
	3 -0.2038 
	0.2257
	0.05093 0.1303 0.560 
	o 
	83+o.ll 
	. u 
	-0.10 
	So significant bias 
	(convict surgeon, eviscerated whole) where the observed plutonium concentra-tion at LRE was 0.36 f 0.08 dpm/g and 
	upper limits set at MCL were CO. 013 
	and K 0. 005 dpm/g. Duplicate samples 
	were run at both laboratories. There is 
	no obvious explanation for this discrep-
	ancy. Various possibilities, such as a 
	nonhomogeneous sample, mixup in sample 
	designation, plutonium contamination in 
	the laboratory, or loss of plutonium in 
	chemistry may be invoked as explanations. 
	In the other three instances, measured 
	plutonium concentration values from LRE 
	exceeded upper limits set at MCL by 
	factors of 2, 2.5, and 6. 
	55Fe 
	1.01M. 16 
	0.87kO.09 
	0.96kO.08 
	0.43*0.02 
	1.00*0.10 
	l.OOM.03 

	0.46kO. 01 0. 
	25IfrO.01 
	0.61*0.02 

	18 -0.3214 
	0.3855
	0.1486 0.09086 0.1909 
	0.72M.07 
	0.72M.07 

	Significant 
	Significant 
	“,ns 

	IW 
	_-
	rc
	-
	55Fe 
	f ’ 
	0.8510.0.1 
	0.72m.03 
	0.72m.03 

	0.7850.05 
	0.7850.05 
	1.16M.10 

	0.94m.02 
	0.94m.02 

	0.56kO.13 
	0.56kO.13 

	0.87m. 10 
	0.6110.04 
	0.78M.02 

	He a: An mf is 
	sa fit se 
	bias 
	bias 
	ac re 

	Inc 
	be For go Sr, much of the data were con-
	19 sistent but very oftenLRE reported a 
	sh low-level measurement while MCL tended 
	(L to report an upper limit at some higher 
	101 
	concentration. Four valid comparisons 
	lis were obtained, three of which gave rnoder-ate agreement between laboratories. Tb 
	no 

	be laboratory ratio, LRE/ MCL, derived from these three samples was 0.82 * 0. ll; the evidence is insufficient for determin’ 
	en 
	mc 

	pl; 
	ing significant bias. sample, a laboratory was obtained. Also, (09-0498-02, mullet inconsistent results; 
	17. 9 f 0.2 dpm/g “Sr 
	17. 9 f 0.2 dpm/g “Sr 
	For the fourth 

	n-l: 
	ratio of 0. 16 * o-O3 
	n-l; 
	one sample 
	pa 
	viscera) produced 
	E;
	LRE reported and MCL set a 
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	‘_ 2. 6 dpmig. Comments regard-
	IinIit of ,,,g poss;ile explanatlans for inconsistent rcsutts as stated in the previous para-apply here as xell. 
	craph 

	For “Fe, the largest set of inter-laboratory comparison data ior marine ,,mples was obtained. From 18 samples, 3 *nean laboratory raylo of LRE/MCL = 
	0.72 2 g: 8$, was obtaized, wtth indication 
	of significant bias. So Inconsistent results ;vere observed. Additional effort on calibration of detectors at LRE and $fCL for counting 6-keV x rays from Fe decay is going on at this time. Relative to calibration data included with 
	55

	55 
	a standard Fe solution obtained from hersham, the MCL detector is in agree-ment, while the LRE detector calibration is apparently low. Although this investi-gation of interlaboratory bias is not finished, the data could be made more self-consistent (and, apparently, more accurate) by adjusting the LRE 55Fe results upward by l/O. 72 (or 1. 39). Incidentally, interlaboratory calibrations between LFE and MCL carried out in 1969 and 197 1 for other programs have shown good agreement for 55Fe results (LFE/ MCL =
	Pathway are 137Cs , 6oco , and “Sr . We concluded that adjustment of the LRE Fe data would cause no detectable 
	change 
	change 
	change 
	in dose 
	estimates 
	from 
	the 

	marine 
	marine 
	pathway. 

	Comparison 
	Comparison 
	was 
	made 
	between 
	LFE 

	and 
	and 
	MCL 
	on 
	four 
	marine 
	samples; 
	the 


	results are listed in Table 129. The first sample in the table (08-0782-20, viscera and gut contents of sea cucumber) was judged to be quite nonhomogeneous, 
	90
	based upon the Sr data and the amount of coral found as gut content. The second sample (09-0393-33, convict surgeon, eviscerated whole) did not produce agree-ment bet\veen laboratories; concentrations 
	239,240
	of Pu and “Sr measured at LFE are factors of 5-7 times higher than those measured at MCL. Consistent results were observed for the last two 
	239,240
	entries for Pu and “Sr and moderately good agreement was obtained between laboratories for 55Fe. 
	Replicate _tialyses 
	A question of importance to the analyti-cal program was whether soil samples, having been dried, ground, and blended, were homogeneous enough to allow mean-ingful comparison of analyses from separate aliquots of finely divided soil. In order to investigate this question, about 100 pairs of replicate soil samples were prepared and gamma-counted. Measured concentrations of 6oCo and 
	137 
	Cs in each pair were compared. From this set of data, a group of 24 pairs was selected where both samples of a given pair were counted with the same Ge(Li) detector system. Estimates of the variance for this set of 24 replicate analyses were calculated in two different ways. The first, sl 2, is derived from the spread of replicate measurements and is calculated as indicated in Table 130. 
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	Table 
	Table 
	Table 
	130. 
	Gamma-spectroscopy 
	replication, 
	A 
	vs 
	D sampies. 
	Two 
	soil 
	aliquots 

	TR
	counted 
	with 
	same 
	detector 
	system. 

	TR
	6oco 
	137cs 

	TR
	Uncorrected 
	Corrected 
	Uncorrected 
	Corrected 


	-2 
	2(Xi 
	-Yi) /(Xi + yi) ! 
	Z[

	0.00108 2n 
	0.0639
	“1 
	(0 + 0 2)
	2 

	x. 
	yi
	c 1 
	0.00321 2n 
	0.0567 
	n 24 
	ST/S; 1.27 
	F 2.0 
	0.030 
	The second, s2 2, is derived from experi-mental uncertainties quoted for each measurement (ox. and u are expressed 
	y i as percentage uniertainty) and is calcu-lated as indicated in Table 130. The two estimates of variance are Compared to see if there is a statistically significant difference between them. Should this be the case -and assuming that s12 will be greater than s22 -the Source of the difference can be ascribed to nonhomogeneity of samples. If the 2 2
	samples are homogeneous, s1 and s2 should be the same statistically. In order to test this question, we perform an F-test on the ratio, F = s1 2/ s22, where s12 has n1 degrees of freedom and s22 b n2 degrees of freedom. Standard 
	samples are homogeneous, s1 and s2 should be the same statistically. In order to test this question, we perform an F-test on the ratio, F = s1 2/ s22, where s12 has n1 degrees of freedom and s22 b n2 degrees of freedom. Standard 
	0. 00464 0.00475 0.00468 

	0.0681 0.0689 0.0684 
	0.00119 
	0.0345 
	24 
	1.44 4.0 3. 9 
	2.0 
	0.060 0.059 
	tables of values for F as a function of nl, and confidence level are available.
	“2’ Should the ratio, s12/s22, exceed a value of F extracted from the table, the esti-
	mates of variance differ in a statistically 
	significant way. 
	Tests were made withour data at a 
	95% confidence level. Results are shown 60
	in Table 130. For Co, with data in the firsL column marked “Uncorrected, ” we find that s12 values do not differ significantly. 
	A refinement to the data was added be-
	cause some of the replicate pairs were 
	packaged in different-sized cans due to 
	lack of sample. The counting results 
	for these pairs were corrected for any 
	difference in counting efficiency between 
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	can sizes observed when a series of standard soil samples \vas counted at the beginning of the program. The data, with these corrections, are listed in columns labeled “Corrected. ” For 
	6Oc0, there was little change in the result; in fact, corrected results showed slightly 
	greater 
	greater 
	greater 
	imprecision. 

	The 
	The 
	137 Cs 
	data, 
	which 
	exhibit 
	greater 

	precision 
	precision 
	in 
	experimental 
	uncertainties 

	due 
	due 
	to 
	higher 
	concentrations 
	than 
	the 

	60 
	60 


	Co data, indicate statistically .;ignifi-
	a cant difference in estimates of variance. Standard deviation for a single pair in the set is 6. 9%, based upon the spread of duplicates; standard deviation based upon quoted experimental uncertainties is 3. 5%. An estimate of imprecision due to non-homogeneity is derived by taking the square root of (sl2 -~2~ ). We obtain an average contribution of 6% imprecision in dupli-cates due to sample inhomogeneity. There is no difference between results for cor-rected and uncorrected data. Thus, we have an estimat
	sample homogenization procedure. 
	241
	Measurement of Am Concentration -Alpha Detection vs Gamma Detection 
	241Am
	In addition to measurement of content in every sample by gamma assay, wet-chemistry analyses were performed on a selected number of samples, and 
	Am concentrations were determined 243
	by alpha counting. In practice, Am tracer is added to permit measurement of chemical yield, and a 2411243 activity ratio is measured by pulse-height analysis techniques. These measurements served two purposes: (1) To permit com-
	by alpha counting. In practice, Am tracer is added to permit measurement of chemical yield, and a 2411243 activity ratio is measured by pulse-height analysis techniques. These measurements served two purposes: (1) To permit com-
	parison of two different methotjs ior 

	241measuring -Am, and, for (~ther s~lmi,,e8 
	(2) to provide greater sensitivity for d?_ ’ 2-11
	tecting Am than available from rOut,nr gamma counting. 
	Comparison data for 24 5011 samples are shown in Table 131. _A mean value for the ratio between wet-chemistry drt,,r_ mination and gamma counting, hICL/ ~1.~ is 1.20 z 0. 05, \cith evidence for signif,_ cant bias. Since relatively large errors, 2 j-335, Lvere (quoted for about half of these samples, we have Calculated a value for the nICL/LLL ratio, !.21 i 0 of
	* . 
	based upon samples with more precise “‘_lrn data (first 11 entries in table), xw with the entire set, there is evidence for significant bias. Comparison of a varianrr for this set of 11 calculated from variation of samples from the mean (s12) with a variance calculated from experimental uncertainties quoted for individual measurt-ments shows no significant difference bc-tween them (based upon anF test at a 95% confidence level). Thus, the variation of values in this set of 11 results can be accounted for by
	Accurate determination of 241&n in soil samples of nominal 300-g mass and at counting geometries (flush against the detector housing face) typical of this 
	program’s gamma spectrometry is judged to be difficult. Questions Of self- absorption, changes in geometry due to settling of soil in the can, incomplete grinding of certain samples, lack Of homo’ geneity, and other problems can be raised in discussing ultimate accuracy of the method. Chemical isolation of americium and assay via alpha pulse-height ar&‘sie is expected to be more accurate for this kind of sample. Thus, it appears that 
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	Gamma spcctl--!nncrr-: sample No. (LLLI, dpr:: ; Al(‘L LLL 
	33-2039-01 -1.i3IO. 38 1. 323. 1’; 0. Y6zO. 11 3550.45 781-O. 1.
	34-2040-01 5. 4 . L .3; :3oio. 15 37-2042-01 ;.06~o.-Ia 5.42zo. I:;, 1.3oIo. 12 32-2141-01 .l. . 56cO. 33 .A. 1s.s. 32 l.OcIPO. 11 y5-2017-02 51. “14 . I‘3 :3n. 653. ; 1. “!‘32. iii 
	75:s ?
	.~.7I3.1! 32-2115-O’ 64.4z4.6 55 .5:X.:: 1. lii=O. 0”0 ‘;.3= 
	32-2113-02 i ? -la. . , 1. !i=O. I! 
	32-2850-03 3.0 1’1. L??I.1 1.11=@. 1:; 3j-2716-05 2’. :!I?. 7 l-i.?‘-1.4 1.3ozO. 1’1 37-27 17-05 23. ,223. 3 lD.Okl. ; 32-2S56-Or, 1;. ll-I. 0 12. r?O. ‘/ 1. il=O. li 32-2860-05 30.4%. 1 17 . Ijil. : 1 .;050. 36 32-2189-01 66.Ok13.2 43.7s. 7 1.5liO. 32 
	1.33=0.20 

	30-4720-O!) 
	7.68k0.41 
	7.1212.50 
	1.08kO.40 

	33-4721-00 5.37kO. 22 3. !15kl. 25 
	1.41i0.45 

	34-4722-00 5. 17rtO. 23 3. en*1.04 
	1.33bO.36 

	35-4723-09 7.18kO. 48 r,. 
	7Oi-1.72 
	1.07x0.23 

	37-4724-09 7 . VI-l.-IOkO. 3”
	5.17k1.41 

	33t0.46 39-4725-09 10.2io. 7 10.3*3.1 0. !‘?J*o. 31 40-4726-09 8. RGkO. GF 10. Of’. !-J 0. noio. 27 41-4727-OQ 3. 1. ooio. 33 42-4728-09 2.73io. 20 3.48*1. 20 0.7sYzo. 28 31-3720-10 40. Gi’. 6 27.7+5. ? 31-3333-l-1 82. 7k3.9 70.3*1-I. _; 
	ti1+0.27 
	3.31*0.00 
	1.47zbo.33 
	1.18zO.25 

	p = 0.1496 t ‘S-= 0.1315 I-1 s1 = 0.2090 g = 1.16IO. 07 2 2
	s1 = 0.04369 s2 = 0.08393 
	S-= 0.06034 2/s22 = 1.57 /J s1 
	F = 2.7 
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	Table 
	Table 
	Table 
	132. 
	Comparison 
	oi alpha 
	count 

	TR
	241Am 
	in marine 
	samples 

	TR
	Alpha count, 

	Sample 
	Sample 
	No. 
	dpmlg 

	08-0504-02 
	08-0504-02 
	MCL 
	I. 53fO. 09 

	09-0449-09 
	09-0449-09 
	MCL 
	7.820.4 

	09-0473-02 
	09-0473-02 
	MCL 
	X.320.2 

	09-0506-02 
	09-0506-02 
	MCL 
	I. 86CO. 09 

	09-0494-02 
	09-0494-02 
	LFE 
	;i.o*o. 
	1 


	08-0476-o 1 MCL 0. 5oio. 04 08-0535-02 MCL 09-0597-09 MCL 0.52-cO. 03 09-0326-33 MCL < 0.019 09-0483-36 MCL co.031 08-0358-38 LFE c2.9 08-0304-39 LFE CO.48 08-0353-39 LFE 0. 19fO. 04 09-0271-39 LFE 0.092M. 023 09-0312-43 LFE 09-0338-43 LFE 7.0*3.7 
	0.9210.05 
	0.32*0.04 

	and gamma-spectrometric (MCL vs LLL and LFE Gamma spectrometry 
	i LLL) , dpm/ g 
	0.7SrO. 42 8. 311.0 
	3.2il.6 
	3.2il.6 
	3.2il.6 

	1.6250. 
	1.6250. 
	51 

	10.0$-l. 
	10.0$-l. 
	0 


	< 1.5 
	< 1.2 CO.63 CO.61 
	1.85M. 20 < 0.063 < 1.9 < 2. 5 co.35 < 2.4 < 0.88 
	analyses for vs LLL). -;LICL/LLL or L 
	2.0*1, 
	1 0.94M. 13 
	1. o+o. 5 1. 15M, 36 
	0.6Oz+zO.O6 

	Factor of improvcmc.,,t in sensitivity or ~~aI~l,~ of limit 
	3.0 1.3 1.2 
	32 Inconsistent No improvement 
	4.0 
	13 3.8 7. 5 
	Inconsistent 
	(23gs 240~ = 0.47 dpm/g) 09-0462-60 LFE 0. 16M. 02 < 1.0 6.2 
	241 
	Am

	the body of data for soil samples reported in this survey may be systemati. tally low by about 20%. However, since this check for bias involved a relatively small number of samples and the magni-tude of the bias is somewhat uncertain, 
	241
	the body of Am data for soils is just as r.eported, based upon gamma spectro-metry. A possible bias of 200/o in the 
	Am data for soils has negligible effect on estimated external dose due to gamma 241
	emitters in soil since Am contributed a very small fraction of the total dose. Another comparison of _Am deter- 
	241 

	minations by alpha counting and gamma counting was made on a group of 17 marine samples. The data are listed in Table 132. 
	Ratios 
	Ratios 
	Ratios 
	which 
	compare 
	methods 
	were 
	ob-

	tained 
	tained 
	for 
	the 
	first 
	five 
	entries 
	in the 

	table. 
	table. 
	The 
	ratio 
	for 
	the 
	most 
	precisely 


	measured sample, 09-0494-02, is 
	0. 60 f 0.06. The other four show saiisfac’ tory agreement between methods; the ram tios have large enough uncertainties that none varies significantly from unity. Data for the remaining samples in Table 132 demonstrate improvement in sensitivity with factors in the range, 1. 2-32. 
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	.Upha <,0unt Gamma sptctrometr?~ Factor of ilnpr~\-c~!il(~nt Sample So. (LFlZi, rlpm.‘? ( LLL), dpm /g in scnsiti;-it\ 
	Animal 
	Animal 
	Animal 

	samples 
	samples 

	11-9093-10 
	11-9093-10 
	O.OO?‘=O. 
	OOG 
	.; 0. (17 
	110 

	11-9130-10 
	11-9130-10 
	Q 0.025 
	-4.3 
	170 

	11-9099-2-l 
	11-9099-2-l 
	.c 0.01-i 
	< 1.3 
	80 

	11-9136-23 
	11-9136-23 
	.-O.OlG 
	: 0.21 
	13 

	ll-912i-10 
	ll-912i-10 
	0.11*.09 
	= 1.0 
	n. 
	1 

	11-9115-24 
	11-9115-24 
	C 0.004 
	,Q 2.3 
	580 


	24 1
	Other comparable Am data for 
	Other comparable Am data for 
	through the entire system, from initial 

	vegetation and animal samples are given 
	vegetation and animal samples are given 
	processing to Lvet-chemistry analysis, at 

	in Table 133. The data emphasize im-
	in Table 133. The data emphasize im-
	varying intervals during the processing 

	provements in sensitivity available from 
	provements in sensitivity available from 
	period. These samples were given identi-

	wet-chemical analysis and alpha counting. cal treatment to neighboring samples as For vegetation samples, increases in they were prepared and analyzed. Results sensitivitv were factors in the range, from this series, given in Table 134, were 
	2. 6-32, \vhile for animal samples, in-expected to bear on questions of cross-creases were factors in the range, 9-580. contamination in the analytical sequence. 
	Since the main sample load was processed Background Samples in approximate sequence from low-level A series of coral soil samples for contamination to higher levels, cross-
	background determination were put contamination if detectable at all, would 
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	Table 
	Table 
	Table 
	131. 
	13acl~ground 
	samples, 
	Midway 
	coral. 

	Sample 
	Sample 
	No. 
	Processed samples island 
	with from 
	Wet chemistry performed by 
	6OCO 
	Concentration, 9OSr 
	p<.‘i/g 
	137(,s 
	239,240 
	I’ll 

	Ol-1305-70 01-1306-70 
	Ol-1305-70 01-1306-70 
	LUCY JANET 
	LFE MCL 
	co.014 co.015 
	____ < 0.32 
	< 0 . 0 10 < 0.010 
	O.O46f-0.002 0.010fO. 002 

	01-1307-70 
	01-1307-70 
	FRED 
	MCL 
	< 0.034 
	< 0.34 
	<O. 
	016 
	0.013*0.004 

	bP E I 
	bP E I 
	01-1308-70 01-1309-70 01-1310-70 01-1314-70 01-1315-70 01-1316-70 01-1317-70 01-1318-70 
	IRENE Y VONNE YVONNE (YVONNE Y VONNE Y VONNE (YVONNE 
	122 profile) 145 profile) 
	LFE LFE LFE LFE T,FE MCL MCL LFE 
	____ -___ CO.018 CO.018 s” 0. OOU < 0.003 ;0.010 
	0.018H.I. 0.016zkO. 0.042kO. 0.024fO. 0.02310. < 0.43 co.27 
	002 006 009 006 oo:j 
	-___ ____ co.017 ‘: 0.014 .*. 0. 007 0.012fO. 003 ,: 0. 007 
	0.012fO. cJ.013fO. 0.012fO. 0.015fO. 0. 1 I H to. 0.013M. 0. 0111-O. 
	001 001 002 001 005 004 002 

	TR
	Mean 
	value 
	co.015 
	0.025 
	co.012 
	0.012 

	TR
	Range 
	< (0.003-O. 
	034) 
	0.016-o. 
	042 
	< (0.007-O. 
	017) 
	(exclude 1305,1315) 0.010-0.015 


	bl‘come more obvious in later samples of the series. 
	The material used for back-ground measurements came from a single Satch of coral sand taken from ?iIidway island and was supplied to us by Major iv_ A. Myers of MCL. It was known not to be significantly contaminated. 
	The data in Table 134 show very little ,“idence for any Cross-contamination $,vithbatches of highly contaminated Enewetak coral. The gamma emttters :ive no evidence of contamination. No “Co was detected in any of the samples; dfl average upper limit value was 
	137 
	..o. 015 pCi/g. For Cs, one sample yielded detectable cesium at 0. 012 f 
	0.003 pCi/g, while the remainder gave upper limits averaging < 0.012 pCi/g. For go Sr, MCL reported upper limits ranging from < 0. 27 to < 0. 43 pCi/g, while LFE reported five measurements with a mean value of 0. 025 pCi/g and a 
	0.003 pCi/g, while the remainder gave upper limits averaging < 0.012 pCi/g. For go Sr, MCL reported upper limits ranging from < 0. 27 to < 0. 43 pCi/g, while LFE reported five measurements with a mean value of 0. 025 pCi/g and a 
	values were 0. 046 ? 0. 002 and 

	range 
	range 
	range 
	of 0.016-o. 
	042 pCi/g. 
	For 

	239,240 PU, 
	239,240 PU, 
	two 
	of the 
	results 
	from 
	LFE 

	showed very 
	showed very 
	slightly 
	elevated 
	levels; 
	the 


	0. 118 * 0. 005 pCi,‘g. The remaining analyses, from both LFE and MCL, produce a tightly clustered set with a 
	mean of 0. 012 pCi/g and a range of 0.010-o. 015 pCi/g. Sample 1315 was processed with samples from YVONNE which contained high levels of plutonium, ranging up to 500 pCi/g. These plutonium results for 1305 and 1315 are the only indication of cross-contamination given by the data for background samples. The 
	239, 240pu
	constant levels of “Sr and measured for most of the samples can be ascribed to fallout on Midway Island dur-ing the years since atmospheric testing began. Since this batch of soil was col-lected on a beach and has been subjected to the leaching action of seawater, one should not try to read any significance into the absolute amounts of strontium and plutonium observed. 
	We are grateful for guidance from Dr. H. B. Levy in the statistical treat-ment of data. 
	-485-
	ESE\VETAK SURVEY I!ADIOL~IC,sL C‘C)NTROLS 
	0. D. T. Lynch, Jr. Nevada Operations Office, r5AEC Las Vegas, Nevada 
	Introduction 
	In the planning of the precieanup survey eifort, it was recognized that radiation fields and radioactive conta.mination existed on various islands in the Atoll; however, at the time the survey began, the radiological conditions oi all of the islands had not been evaluated. From previous surveys, it was known that the island of YVONNE had significant plu-tonium contamination probiems, while SALLY, IRENE, and JANET were known to have activated/contaminated scrap metal or buried plutonium-contaminated debris. 
	General Radiological Controls 
	For the safety of the survey personnel, general radiological safety requirements were formally established by Roger Ray, Survey Manager. These requirements 
	provided 
	provided 
	provided 
	for 
	personnel dosimetry 
	and 

	radiological 
	radiological 
	support 
	for 
	all 
	SurveY-

	related 
	related 
	personnel. 

	All 
	All 
	survey 
	personnel 
	leaving 
	FRED 


	(Enewetak Island) for other areas within Enewetak Atoll and personnel utilizing radioactive materials or handling poten-tially contaminated soil samples on FRED were required to wear a personnel dosimeter (TLD). These dosimeters were issued upon arrival at the Atoll and 
	(Enewetak Island) for other areas within Enewetak Atoll and personnel utilizing radioactive materials or handling poten-tially contaminated soil samples on FRED were required to wear a personnel dosimeter (TLD). These dosimeters were issued upon arrival at the Atoll and 
	were returned to the LLL Hazards (.\,,,_ trol representative upon departure fr(,,,l the _‘itoll. The personnel dosimetel. 

	utilized by the survey was the LLL TLl) unit, \I hich consisted of three TLI) Ct,il)s Harshaw TLD 100 (LiF), TLD 200
	[ (CaF,), and TLD 700 (LiF, depleted in 
	Li, mounted separately in a numbered
	1 plastic disk. &ti aluminum beta-shiel(j was provided with an open window over the TLD 100 chip. Control TLDs wer(, carried to the Atoll and returned, \vltl, the personnel dosimeters, to LLL for reading and interpretation. Because of the possibility that con-taminated soil samples might be brougilt back to FRED, all sample processing, counting, and storage areas were moni-tored with portable survey instruments for beta-gamma and alpha emitters. Swipe tests were also made; the swipes were counted on portabl
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	j* j mg,i CT-. The scintillation crb-stal ,~ silver-;:tlVated zinc sulfide. 
	, ,JL “Blue .Upha hIeter. ” :\s the field ,,ffort proere55ecl, an LLL modification ,,, a Meli-<::on;n, air-chamber-type illpha surl-i ‘:-instrument became al-ail-cible to the Enev;etak survey team;. 
	ilthough ::‘~i rucgedized like the I’.4C-IS, rhe instrument was much more <ensitive; !t had an air chamber \vith an ?ffective area of !OO cm2 and an alum-lnized (on both sides) Mylar window \vith an eiiectlve thickness of 0. 85 mg/cm2. .Uso, the probe guard was half as thick as the PAC-1S probe enabling near-contact measurements of surfaces to be made. The air chamber ~.as subject to damage by sharp obJe,:ts, more so than the I’AC-1s; however, unless a large hole had been torn in the Mylar, it was still ser
	130th the P_iC-1S and the LLL “Blue 
	!Upha Meter ” were calibrated on ?39Pu* 
	,Upha sources attached to the survey instruments were used for field checking. 
	The following beta-gamma detectors 
	‘We used to obtain contact readings on ‘ntaminatcd activated radioactive scrap: ‘E-400B. This instrument is a portable 
	Geiger counter used for conducting ‘jeta-gamma radiation surveys. A tube “ensitive to gamma and beta radiation iS located in the external probe. Dis-crimination between the two types of radiation is made by means of a rotary 
	5i:ieid on the prube_ The probe ha5 21 
	c:1erg>-
	c:1erg>-
	c:1erg>-
	cutoll 
	. 
	a.i 
	Zpprosimatel-
	0. 3 I ?ili,\ 

	z,??(! ‘.Ias 
	z,??(! ‘.Ias 
	calibrated 
	with 
	the 
	Ehz-ke\-

	raaiation 
	raaiation 
	from 
	.3; _ 
	Cs;. 


	••L::alum Model 3, with 1Iodel i-l-9 “pancake” probe. Thi: “thin-lvindo\v” :jetector was used for lo\{.-energy gamma-and beta-radiation detection ‘:,:I scrap. The surve>-meter itself ‘.:as used onl>-as a relative tndicator of contamination levels. The Model I-&-P “pancake ‘I probe uses an ef’l‘e(‘tl\-e ,J:indow thickness of 1. 0 to 2 mg] cm’) imica) and diameter of 1. 75 in. The ..i. indow thickness was increased to 7 mg/ cm’ bJ-applying plastic tape to the probe face. This instrument was calibrated for gam
	GO
	Co and for beta emissions using 30 
	Sr, but it was intended to be !‘or 1 SW- energy beta-gamma. 
	The following gamma detectors were used: 
	••SE-148 Scintillation Monitor 904-148. This is the Baird-Atomic portable survey instrument which was used in the soil surve>-and terrestrial radia-tion measurement program. The Model 904-l-l8 scintillation monitor is a highly sensitive instrument capable of measuring extremely fine gradations of gamma-radiation levels in three ranges, up to 3 mR/hr. The detecting element is a smaller version (1 X 1 in. ) of the NaI(T1) crystal scintillator used in the aerial radiation survey. The instrument was calibrated 
	••Fidler probe. The Fidler, a low-
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	energg; s-ray detc:tor, consists oi a 5-in. diam X 1 it! !n. -thick NaI(T1) crystal opticall:,-coupled through a quartz light pipe ~3 a selected RCA 8055 photomultiplier tube. The detector entrance .::indow is lo-mil beryllium, and the entire assembly is encased in a &‘3’_-:n. stainless steel can. X portable regulated high-voltage power supply and smgle-channel ana-lyzer with integral count rate meter are used for the detection of plutonium 
	x rays and the americium gamma ray. Field calibration \‘:as accomplished with 241Am, 
	Results of General Radiological Controls 
	A total of 125 TLD personnel dosimeters were issued to 84 people between October 13, 1972 and February 17, 1973. Only one dosimeter indicated any positive exposure above the minimum detectable dose (10 mrem). This dosimeter was not turned in when the individual to whom it was assigned left the Atoll. When recowred by mail in the continental United States, it indicated a total exposure of 18 mrem 
	(8 mrem above the minimum dctcJrtal,j,. 
	dose). The ’d-mrem difference ks (‘01,11,3r. able to the exposure one would rec~c,,v,. during a high-altitude passenger flight ,” a commercial aircraft flying fronl 1,.
	.ncq.ta to the continental United States and was probably accumulated during this intiiv,_ dual’ s flight and subsequent mailing of the dosimeter. The monitoring program conductetj (,a FRED to prevent and control cross-contamination of soil samples was appar_ ently successful. All swipes were, n(!gatlv, and no significant contamination W;IS d?- tected in the sample areas by portable survey instruments. 
	Special Radiological Controls 
	Special controls were established for the soil-collection and terrestrial-radiation survey efforts on the northern half of YVaNE, where pieces of plutonim were known to be randomly distributed on or near the surface north of the Tower 
	Bunker (HARDTACK Station 1310). In 
	addition, the area immediately south of 
	the CACTUS crater was known to have 
	gamma the big 
	For 
	,adiatil 
	,stabli! 
	t0 the ( 
	plete r: 
	effect v 
	taminat 
	an the ( 
	immedi 
	per sonr 
	hot line 
	side of 
	access 
	survey 
	Air iI 
	Air s the area soil-dist tect any The airb on filter. of each I 
	type, 10~ 
	One was c 
	and 
	the 

	realistic 
	centratio 
	Enewetak activity ; analysis. able to tk 
	Perso 
	The L monitor 1 exposure 
	Fig. 
	Fig. 
	Fig. 
	115. 
	Locations 
	of 
	the 
	soil-sampling 
	RADEX 
	area 
	and radiological 
	control 
	dividuals 

	TR
	operation, 
	YVONNE 
	(Runit). 
	YVONNE 

	TR
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	1.‘~7r r::? I>L:ri):;Se Or’ this SLiY’..C?y, .: ,_,,ilatii’:: ~~xcl~~.~~on (R_ADES) Lrea xv.ac; I,,Gtablil;i:cd from the To\ver Bunker north lo, me C_ICTUS crater (Fig. 115). Com-i+ete radiation safety controls were :n ,)fect \: ithtn t-his !I_aDEZ area. _I decon-!aminatlon pad for equtpment ‘::as set up ;,:, the ocean side of this RADES area i:nmedlatelv adjacent to the hot line. .I ,,,,rso,nnei decontamination facility ano hot line T::ere established on the east 
	1.‘~7r r::? I>L:ri):;Se Or’ this SLiY’..C?y, .: ,_,,ilatii’:: ~~xcl~~.~~on (R_ADES) Lrea xv.ac; I,,Gtablil;i:cd from the To\ver Bunker north lo, me C_ICTUS crater (Fig. 115). Com-i+ete radiation safety controls were :n ,)fect \: ithtn t-his !I_aDEZ area. _I decon-!aminatlon pad for equtpment ‘::as set up ;,:, the ocean side of this RADES area i:nmedlatelv adjacent to the hot line. .I ,,,,rso,nnei decontamination facility ano hot line T::ere established on the east 
	side oi the tower; 
	side oi the tower; 
	side oi the tower; 
	they 
	controlled 
	the sole 

	Jccess 
	Jccess 
	ro.ute 
	I’or 
	personnel 
	gomg 
	into 
	the 

	,;urvey area. 
	,;urvey area. 


	Air LIonitoring 
	Air samples were taken continously in the area immediately downwind from the soil-disturbing activities in order to de-tect any resuspension of radioactivit>-. The airborne contaminants were collected on filters ivhich were changed at the end of each 1: ork day. Additionally, two lapel-type, lo:: -volume air samplers were used. One was placed on the backhoe operator, and the other on a profile monitor for more realistic evaluation of breathing zone con-centrations. Samples were counted at bewetak at the end
	personnel Monitoring 
	The LLL TLD system was used to monitor personnel on YVONNE for external cxPosure to beta-gamma radiation. _&ll in- dividuals engaged in survey activites on yVON~~ were issued the TLD packet 
	The LLL TLD system was used to monitor personnel on YVONNE for external cxPosure to beta-gamma radiation. _&ll in- dividuals engaged in survey activites on yVON~~ were issued the TLD packet 
	\vere used to e\-aluate and detect remo;-able surface contamination on equipment and area surfaces. 

	\x:hlch 
	\x:hlch 
	\x:hlch 
	\vas 
	\\or~ 
	$,;I ti:t-
	i:pper 
	‘bad\. 
	1:: the 

	same 
	same 
	manner 
	a=: a itlm 
	badge. 

	S\vlpe test5 
	S\vlpe test5 
	u5lng 
	disks 
	of‘ filter 
	Gaper 


	Contamination Controls 
	Every effort ?vas made to prevent radio-acti\-e contamination of personnel. JJl personnel entering the Y\‘ONNE R_IDES area or Lvorking at the hot line \vvpre suitcti out in full anticontamination (anti-C) clothing, consisting of one patr of co\rer-alls, totes, cotton gloves, and cloth hood. All seams \vere taped. Those personnel coilecting soil samples, displacing soil, or downwind from soil displacing activi-ties, tt’ore an Xcme full-face mask, or equivalent, equipped with an Acme OXPR 282 high-efficiency 
	_4ll personnel left the area through the hot-line station and were monitored for alpha and beta-gamma contamination before, during, and after removing anti-C gear. Nose swipes ivere collected from selected individuals after all anti-C gear was removed. Decontamination capability was available at the hot’line. Smoking and eating were not permitted in the RADEX area. 
	All contaminated anti-C gear was re-moved and suitably packaged at the hot line. Contaminated waste produced by the survey effort was collected, bagged, and buried on YVONKE in a marked area just east of the Tower Bunker. 
	All equipment used in the RADEX area was monitored with portable survey instruments and swipe tested. It was decontaminated when necessary. 
	Soil samples taken from the northern 
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	;,arf of YVOKLE ~1u1d have contained 
	_ 239 
	considerable amounts of Pu, thereiore care was taken to prelrent not only cross-contamination between individual samples but also contamination of personnel, equipment, and storage areas used in the recovery and processing of these samples. 
	Profile samples, collected from pits dug by backhoe (G-to Gft-deep profiles), \l:ere carefully removed from the pits lvith special side-wall sampling tools in approximately lo-cm-depth increments. 
	Each 
	Each 
	Each 
	individual 
	sample 
	was 
	bagged 
	and 

	numbered 
	numbered 
	at the time 
	of 
	collection. 
	The 

	sample 
	sample 
	was 
	then 
	bagged 
	once 
	more 
	in 
	a 


	heavy plastic bag to guard against break-age of bags and leakage of material. All samples from a single profile location were again bagged in a single large plas-tic bag to keep all contents together for transfer to Enewetak. 
	To reduce airborne contamination dur-ing this windy and relatively dry season, all soil collection areas were wet down with salt water prior to any soil-disturbing activities. 
	All samples passing over the hot line on YVONNE were monitored for external alpha contamination. Samples found con-taminated were bagged again and marked as having surface contamination on the inner bags. Soil samples from the north-ern portion of YVONNE were segregated from samples taken from other locations and kept in a special storage area where the floors were covered with a plastic sheet to provide for easy removal of con-tamination in case of leakage. 
	Decontamination A personnel decontamination facility, which included a freshwater shower and 
	l.vashstand, was provided at th l 1
	( ‘01 II”,. 
	Personnel were monitored crossing t,*’ hot line and were dtcontaminat~~d as 
	necessary. _A final equipment decontamination pi was set up on the concrete landing ramp.
	Saltwater washdown capability was pro_ 
	vided. 
	vided. 
	vided. 
	All 
	digging 
	equipment 
	used in tb 

	RADEX 
	RADEX 
	area 
	was 
	decontaminated 
	at t),? 

	landing 
	landing 
	ramp. 
	Effluent 
	flowed 
	back intc, 


	lagoon. Although every effort was made to prc. 
	the ground and into the 

	COmprc*-
	vent personnel contamination, a 

	hensive bioassay program was followed 16 TV3 
	ascertain any internal contamination, to 
	document either its absence or presence 
	for the record, and to evaluate the efftr_ 
	tiveness of control measures. Samples 
	were taken in the following ways: 
	••Nose swipes were taken from selected personnel working in the area of air-borne contamination immediately after the end of the work period when they removed their anti-C apparel. 
	••A 24-hr collection sample of Urine was submitted by each YVONNE survey participant at the completion of the survey effort. These samples were forwarded to the United States for analysis. 
	••Selected individuals known to be in-volved in the YVONNE sampling effort had base-line whole-body (lung) counts prior to their arrival on Enewetak-These individuals were whole-body counted again upon the completion Of the survey to evaluate any internal deposition acquired during the survey effort. 
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	[{ESUlt-C 
	[{ESUlt-C 
	[{ESUlt-C 
	DOSE 
	_JSSESSMENT 
	.\ND 
	E\‘_ILU_LTION 

	only 
	only 
	one 
	individual 
	required 
	personal 

	deconta,zAnation 
	deconta,zAnation 
	during 
	the 
	YVOIWE 
	soil-
	Introduction 

	jamplinz 
	jamplinz 
	effort. 
	In this 
	case, 
	simple 
	The 
	potential 
	dosages 
	to 
	the 
	returning 

	c :r:ith soap,vashinr 
	c :r:ith soap,vashinr 
	and water 
	removed 
	the 
	population 
	on 
	Enewetak 
	Atoll 
	are 
	developed 

	alpha ccntamination 
	alpha ccntamination 
	(less 
	than 
	100 dpm). 
	and discussed 
	in this 
	chapter. 
	The 
	data 

	_uticontamination 
	_uticontamination 
	clothing 
	did 
	become 
	con-
	base 
	for 
	the 
	analysis 
	is 
	derived 
	from 
	all 

	taminated with 
	taminated with 
	low-level 
	alpha 
	emitters 
	the 
	information 
	collected 
	during 
	the 
	sur-

	fa few *_mdred 
	fa few *_mdred 
	dysm). 
	vey 
	portion 
	of the 
	program. 
	Four 
	major 

	Equipment 
	Equipment 
	used 
	to 
	dig 
	the 
	sampling 
	pathways 
	are 
	considered: 
	(1) 
	external 

	trenches 
	trenches 
	also 
	became 
	contaminated. 
	The 
	gamma 
	exposure, 
	(2) 
	inhalation, 
	(3) 
	mar-

	low-level 
	low-level 
	alpha 
	contamination 
	\vas removed 
	ine 
	food 
	chain, 
	and 
	(4) 
	terrestrial 
	food 

	by high-pressure 
	by high-pressure 
	saltwater 
	spray 
	before 
	chain. 
	Models 
	used 
	for 
	assessment 
	of 

	0 
	0 
	i 
	the equipment 
	left 
	the 
	island. 
	Vehicles 
	each 
	pathway 
	are 
	described 
	in the 
	section 

	TR
	I 
	used for 
	transportation 
	within 
	the RADES 
	of the 
	chapter 
	dealing 
	with 
	that specific 

	TR
	i i 1 
	area did not need Air samplers, 
	decontamination. running continuously 
	pathway. Living habits, location 
	patterns, of villages, 
	i. e., dietary and daily 

	TR
	during the 
	sampling 
	operation 
	showed 
	habits 
	which 
	influence 
	time 
	distributions 

	TR
	1 
	positive 
	indications 
	of 
	plutonium 
	activity. 
	at various 
	geographical 
	locations 
	in the 

	TR
	f 
	The maximum 
	observed 
	values 
	were 
	Atoll,are 
	of 
	primary 
	importance 
	in deter-

	TR
	1.6 pCi/ m3 
	on 
	one 
	lapel 
	monitor 
	and 
	mining 
	the 
	relative 
	significance 
	of each 

	TR
	9.5 X 10T2 pCi/m3 
	on 
	the 
	downwind 
	low-
	exposure 
	pathway 
	to 
	the total 
	dose. 
	Six 

	TR
	volume 
	air 
	sampler, 
	approximately 
	10 ft 
	living 
	patterns 
	have 
	been 
	constructed 

	TR
	from 
	the sampling 
	trench. 
	The 
	background 
	and evaluated 
	to 
	determine 
	the sensitivity 

	TR
	high-volume 
	air 
	sampler, 
	operated 
	behind 
	of these 
	factors 
	and the 
	possible 
	range 
	of 

	TR
	the hot line, 
	indicated 
	a 
	maximum 
	of 
	dosages. 
	Each 
	section 
	describes 
	the rela-

	TR
	7.4 X 10m3 pCi/m3’ 
	tive 
	impact 
	of the 
	complete 
	living 
	patterns, 

	TR
	TLD 
	personnel 
	dosimeters 
	did 
	not 
	and specific 
	components 
	within 
	living 

	TR
	indicate 
	any 
	significant 
	beta-gamma 
	ex-
	patterns, 
	upon 
	the 
	dose 
	contribution 
	via 

	TR
	posures 
	due 
	to 
	this 
	final 
	soil-collection 
	the four 
	pathways. 
	The 
	chapter 
	is 
	organ-

	TR
	effort. 
	The 
	results 
	of 
	analysis 
	of urine 
	ized 
	as 
	follows: 

	TR
	samples 
	and whole-body 
	counts, 
	taken 
	(1) 
	Dietary 
	and living 
	patterns 

	TR
	after 
	the field 
	effort, 
	were 
	negative. 
	(2) 
	External 
	dose 
	pathway 

	TR
	It 
	is concluded 
	that 
	the 
	radiological 
	(3) 
	Inhalation 
	pathway 

	TR
	safety 
	controls 
	used 
	for 
	the 
	Enewetak 
	pre-
	(4) 
	Marine 
	food 
	chain 

	TR
	cleanup 
	survey 
	field 
	effort 
	were 
	adequate 
	(5) 
	Terrestrial 
	food 
	chain 

	TR
	and effective. 
	(6) 
	Summary 
	of 
	dose 
	assessment 
	and 

	TR
	evaluation 
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	Fig. 
	Fig. 
	116. 
	Islands 
	(those 
	circled) 
	requested 
	as 
	village 
	locations 
	by the 
	Enewetak 
	people. 
	in 

	TR
	ne: 

	Dietary and Living W. L. Robison Lawrence Livermore 
	Dietary and Living W. L. Robison Lawrence Livermore 
	Patterns Laboratory 
	on ad 
	Enewetak). the islands 
	Figure chosen 
	116 shows for village 
	the Atoll locations. 
	ag: re: 

	Livermore, 
	Livermore, 
	California 
	The 
	separation 
	of 
	the 
	two 
	socio-political 

	TR
	groups 
	was 
	the life-style 
	prior 
	to 
	evacua-

	Living 
	Living 
	Patterns 
	tion, 
	with 
	the 
	Engebi 
	people 
	and their 

	The 
	The 
	Enewetak 
	people 
	have 
	expressed 
	a 
	chief 
	headquartered 
	on 
	Engebi 
	and the 

	desire 
	desire 
	to 
	make 
	Parry-Enewetak 
	and Engebi 
	Enewetak 
	people 
	and their 
	chief 
	head-

	the 
	the 
	residence 
	islands 
	for 
	the 
	two 
	Enewe-
	quartered 
	in the 
	southern 
	part 
	of the Atoll. 

	takese 
	takese 
	socio-political 
	groups 
	(see 
	chapter 
	Our 
	dose 
	estimates 
	are 
	therefore 
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	7.Liblc / 
	7.Liblc / 
	7.Liblc / 
	13 3. 
	Lix-ing patterns descrlbinq inc-oil-ed in dail\-Ilr-mg. 
	the 
	geogra::illcal 
	l?~catl~ns 
	for 
	acti\,ities 

	TR
	Pattern 
	I 
	“attern 
	II 

	llesidence 2ricultUre Fishing 
	llesidence 2ricultUre Fishing 
	Enewetak, Parr:: _1LVI?Z through KEITH Entire Atoll 
	Enenerak, Parry KATE through TVILhIA Entire -Atoll 
	+ LEROY 


	Pattern 
	Pattern 
	Pattern 
	III 
	Pattern 
	Ii-

	liesidence 
	liesidence 
	JANET 
	REL1.E 

	.\~ricultUre 
	.\~ricultUre 
	JAXET 
	TiELLE 

	Fishing 
	Fishing 
	Entire 
	_Atoll 
	Entire 
	-Atoll 


	Pattern 
	Pattern 
	Pattern 
	‘i-
	Pattern 
	iTI 

	Residence Agriculture Fishing 
	Residence Agriculture Fishing 
	JANET KATE through Entire Atoll 
	LC’ILMA 
	. 
	I,ERO\~ 
	JASET ALICE Entire 
	through Atoll 
	IRENE 


	based 
	based 
	based 
	upon 
	these 
	islands 
	as 
	the 
	village 
	sires 
	of 
	the 
	Ene?:-etak 
	people, 
	the 
	six 
	dif-

	areas, 
	areas, 
	with 
	visits 
	to 
	other 
	islands 
	for 
	ferent 
	living 
	patterns 
	shown 
	in 
	Table 
	135 

	planting 
	planting 
	and 
	collection 
	of 
	food. 
	Generally, 
	have 
	been 
	s>-nthesized 
	for 
	estimating 
	the 

	people 
	people 
	living 
	on 
	Engebi 
	own 
	land 
	on 
	the 
	potential 
	dose 
	to 
	the 
	returning 
	population. 

	neighboring 
	neighboring 
	islands, 
	i. e., 
	in the 
	northern 
	For 
	estimating 
	the 
	dose 
	‘via 
	the 
	terrestrial 

	half of 
	half of 
	the 
	_%toll, 
	while 
	those 
	living 
	on 
	food 
	chain, 
	islands 
	are 
	grouped 
	according 

	Parry 
	Parry 
	and 
	Enewetak 
	own 
	land 
	on 
	the 
	islands 
	to 
	a 
	common 
	range 
	of 
	external 
	exposures 

	in the 
	in the 
	southern 
	half 
	of 
	the 
	Atoll. 
	These 
	and 
	radionuclide 
	concentrations 
	in 
	the 
	soil; 

	nearby 
	nearby 
	islands 
	would 
	be 
	used 
	for 
	additional 
	these 
	groups 
	are 
	shown 
	in 
	Fig. 
	117. 
	JANET 

	agriculture 
	agriculture 
	and 
	food 
	collection 
	by 
	the 
	two 
	and 
	YVONNE 
	are 
	listed 
	individually 
	(Groups 

	respective 
	respective 
	groups. 
	II 
	and 
	IV) 
	and 
	LEROY 
	is 
	included 
	in 
	the 

	As 
	As 
	a 
	result 
	of 
	the 
	above-mentioned 
	de-
	Group 
	III 
	islands, 
	KATE 
	through 
	WILMA. 
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	Fig. 117. Island groups used for assessing 
	The living patterns are designed to in-clude the most probable circumstances which will occur when the inhabitants return (patterns I, II, III, V, and VI), as well as a more extreme exposure situa-tion which could occur (pattern IV). The effects on total dose of these various liv-ing patterns will be discussed in the sec-tions dealing with the external exposure, 
	the dose via the terrestrial food chain. 
	the exposure via food chains and in the section describing the total doses via alI pathways. 
	The distribution of time between villa8C~ interior, beach, lagoon, and other islands is shown in Tables 136 and 137. The breakdown is based upon reports by Jack Tobin from his years of experience in the Marshall Islands and from Ken 
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	Estimated time distribution (in percent) for men, women, children,
	;-;,blc 136 * 
	;-;,blc 136 * 
	;-;,blc 136 * 

	and 
	and 
	infants, 
	with 
	emphasis 
	on 
	residence 
	island. 
	Pattern 
	A. 

	Village 
	Village 
	area 
	Beaches 
	Interior 
	Lagoon 
	Other 
	islands 

	50 
	50 
	5 
	15 
	10 
	20 

	\W 
	\W 

	\\‘,rnen 
	\\‘,rnen 
	60 
	10 
	10 
	0 
	20 

	(.t,ildren 
	(.t,ildren 
	35 
	10 
	15 
	5 
	15 

	:nlYints 
	:nlYints 
	8 5 
	5 
	0 
	0 
	10 

	Iable 
	Iable 
	137. 
	Estimated 
	time 
	distribution 
	(in 
	percent) 
	for 
	men, 
	women, 
	children, 

	TR
	and 
	infants 
	with 
	emphasis 
	on 
	additional 
	time 
	spent 
	on 
	nonresidence 

	TR
	islAnds_ 
	Pattern 
	B. 

	TR
	Village 
	area 
	Beaches 
	Interior 
	Lagoon 
	Other 
	islands 

	hlen 
	hlen 
	40 
	5 
	20 
	10 
	25 

	Women 
	Women 
	50 
	5 
	15 
	5 
	25 

	Children 
	Children 
	50 
	5 
	15 
	10 
	20 

	Infants 
	Infants 
	70 
	5 
	5 
	0 
	20 


	Table 138. Population Age groups Infants (O-5 yr) 
	Table 138. Population Age groups Infants (O-5 yr) 
	Table 138. Population Age groups Infants (O-5 yr) 
	distribution 
	of Enewetak. Male Female 
	Percentage 
	of total 12 10 
	population 

	Children 
	Children 
	(6 -1 8 yr) 
	Male Female 
	21 21 

	Adults 
	Adults 
	( 19-50 y r) 
	Male Female 
	18 14 

	Adults 
	Adults 
	(over 
	50 
	Male Female 
	2 2 

	Total population On Ujilang now 
	Total population On Ujilang now 
	4 3 2 340 


	Table 139. Posrdlated diet for the returning adult Enewetak Population for time (II return and for 10 yr after initial return. Diet, g/day Food item At time of return 10 yr after return 
	Fish 600 600 Domestic meat 60 100 Pandanus fruit 0 200 Breadfruit 0 150 Wild birds 100 20 Bird eggs 20 10 Arrowroot 0 40 Coconut 100 100 Coconut milk 100 300 Coconut crabs 25 25 Clams 25 25 Garden vegetables 0 0 Imports 200-1000 200-1000 
	1030 plus imports 1570 plus imports 
	Marsh who observed the Enewetak people Territories, Ken Marsh of LLL, Vie 
	on Ujilang and interviewed them as to Nelson of the University of Washington, 
	their probable habits upon return to Ene-and Dr. Mary Murai, a nutritionist at 
	w etak Atoll. the University of California, Berkeley, 
	Table 137 differs from Table 136 in who spent a number of years living on 
	that it increases the time spent in loca-Majuro and visited several of the atolls 
	tions other than the residence island; in the Marshall Islands. The reports by 
	this may be the situation during the first Tobin, Marsh, and Nelson are included 
	years of return while the inhabitants are in this report. Dr. Murai contributed 
	cultivating and reestablishing the agricul-through private discussion and through 
	tural islands. her publication “Nutrition Study in Micro-
	The population distribution of the Ene-nesia, ” Atoll Research Bulletin No. 27 
	wetak people, as determined by a census (19541, issued by the Pacific Science 
	conducted by Dr. Jack Tobin in the fall of Board National Academy of Sciences -
	1973, is shown in Table 138. National Research Council. 
	The diets listed are intended to repre-
	Diet sent the average diet if the Atoll resources 
	The composition of the diet shown in and Atoll agriculture are pursued in a 
	Table 139, both at the time of initial re-manner similar to that prior to removal 
	inhabitation of the Atoll and 10 yr after of the people from the Atoll for the test-
	ing program. The diet from 0 to 10 Yr 
	return, was compiled from reports and reflects the current lack of significant
	interviews of Jack Tobin of the Trust 
	,p3”t 
	(.OC‘OI 
	,‘lant( 
	‘i-to 
	c0ntr 
	Tl listed flour, jalm( prvba of the 
	aCCUS 
	to est most would tions showr total f a brie listed 
	Fi:
	-both i proba dietar today, must as se native 
	DC
	-likely than 1 suffic livest it wil chick 
	Pa
	-than at prt start< 
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	,lUantities S! pandanus, breauirult and ,,~~i1rlLlts, Al oi v-hich \vill have to be i,l:~nteC uijon return and all T‘! T.,;hich have ;-to iO-‘:r development periods before contrlbutinz edible fruit to the diet. 
	( 

	The general opinion of all the sources listed above is that imports oi rice, [Iour, tea, canned fish (tuna, mackerel, salmon, i ti:. ) and canned meats will probabl?-be major components In the diet of the Enen-etakese because they arc now accustomed to such li\-ing. They prefer to estai>!lsh a cash economy and purchase most of their needed food items. It would therefore appear that dose calcula-tions based upon the dietary intake l)er se shown in Table 139 may overestimate the total dose via the food chains
	Fish -The 600-g/day average intake, both initially and 10 yr after return, is probably a high estimate in view of the dietary and living habits of the people today. Bones and viscera of fish, dark muscle oi tuna, and invertebrates such as sea cucumbers are not eaten by the natives. 
	Domestic Meat -This commodity is likely to be in shorter supply upon return than later because the people do not have sufficient room to raise many head of livestock v:here they presently live and 
	it will take time to increase the pig and chicken population. 
	Pandanus Fruit -There are fewer than 10 pandanus plants on the entire Atoll at present. New plants will have to be Started and will bear fruit about 8-10 yr 
	Pandanus Fruit -There are fewer than 10 pandanus plants on the entire Atoll at present. New plants will have to be Started and will bear fruit about 8-10 yr 
	after planting. 

	Breadiruit -So breadfruit trees were encountered in the survey. _Qain a pro-gram oi replanting will be necessary, with a subsequent period of approximately 8-10 yr before edible fruit is available. 
	Wild Birds and Bird Eggs -Wild birds are plentiful now, but the population will probably be depleted when the 400 people return. 
	Arrowroot -Very small patches of arrowroot were observed on the southern islands, I\-ith one larger patch observed on DAVID. Arrowroot will therefore have to be planted. However, the people have indicated that they much prefer imported white wheat flour and would only use arrow-root as a second choice. 
	Coconut and Coconut Milk -Islands in the southern half of the Atoll, especially Parry, FRED, and GLFNN, have a large enough coconut crop to supply the people who first return. More coconut groves will be established on the other 
	islands; however it takes approximately 8-10 yr for coconut trees to become pro-ductive and useful. 
	Coconut Crabs -The crab population now parallels that of the coconut trees in distribution. As more trees are planted, the coconut crab can be reintroduced to the other islands. The only question may be how rapidly the returning people har-vest the available crabs and how well they practice conservation of this species. The people consider the crab a delicacy and could easily decimate the population. 
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	Clams -Giant clams (Tridacna) are eaten raw and almost exclusively by the men during fishing trips. If the clams are not harvested under controlled condi-tions, they could be depleted to a stage where there ivould be few available in 
	10 yr. 
	Garden Vegetables -Very few garden vegetables will probably be available if current agricultural practices are con-tinued. Terrestrial plants and garden crops, if planted, are allowed to grow in natural surroundings with very little organ-ized gardening, i, e., 110 fencing or pro-tected areas. The people prefer not to have high-maintenance agricultural situa-tions. At the same time, their iivestock, mostly pigs and chickens, are allowed complete freedom to roam as they please. The combination of low-intensi
	ing 
	ing 
	ing 
	of the 
	livestock 
	tends 
	to 
	make 
	fresh 

	garden 
	garden 
	vegetables 
	an unlikely 
	component 

	of the 
	of the 
	diet. 


	Imports -A large part of the diet is expected to consist of imported products. It is possible that imports will supply nearly the whole diet, with local marine 
	and terrestrial products serving only in a limited way and on special festive occa-sions. If this should be the case, then the doses incurred by the returning popu-lation via the marine and terrestrial food chains will be far below those listed in this report. 
	External Dose Determination 
	H. L. Beck and J. B. hlcLaug)flin Health and Safety Laboratory 
	U. S. Atomic Energy Commission 
	Kew York, Xew York 
	P. H. Gudiksen and D. E. Jones Lawrence Livermore Laboratory Livermore, California 
	AS described in the earlier sections on the EG&G aerial survey and photographv the terrestrial soil and radiation sur,,c,;,’ 
	. and external dose estimates, gamm 
	a-ray 
	exposure rates have been measured in this program by aerial survey, hand-held instruments, and thermoluminescent dosimeters. The three techniques yield the same results within f 10%; in the se(-_ tion on external dose estimates it was would be used for those estimates. Average dose rates as obtained from the aerial survey are summarized in Table 140. 
	stated that the aerial-survey data 

	Even though wide variations in gamma-ray exposure rates were measured throughout the northern islands, it was necessary, for the purpose of the dose calculation, to derive the most reasonable values of the current mean exposure rater for each specific geographical area under consideration. These values are shown in Table 141 for the living patterns of Table 135. The mean exposure rates for specific areas of JANET were obtained bY examination of the 137Cs and 6oC~ iso-exposure-rate contour maps provided bY t
	137
	Cs

	uniform, the mean and 6oCo ex-
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	;,:,i,li‘ ! 4 0. 3:lrnmary oi‘ averacc dose rates t‘or islands in Enewetak Atoll. 
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	lxreralrt 
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	9 
	o-1 

	N. 
	N. 
	D. 
	(0. 
	14) 
	N. 
	D. 
	(0. 
	12) 
	co. 
	9 
	o-1 

	0.4 
	0.4 
	(0.33) 
	CO. 6 
	(0.20) 
	co. 
	9 
	o-1 

	co. 
	co. 
	3 
	(0.14) 
	CO. 6 
	(0.20) 
	co. 
	9 
	o-1 
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	Table 140 (continued). 
	Table 140 (continued). 
	Table 140 (continued). 

	Island -IRWIN co.3 (0.08) CO. 6 (0.46) co. 9 O-1 JAMES co. 3 (0.05) 2.8 3.0 o-5 KEITH co. 3 (0. 15) <O. 6 (0.49) co. 9 o-2 LEROY 2. 8 4.8 7.6 3-8 aAverage dose rates given are derived from aerial-survey data. On islands where activity levels are at the lower limit of sensitivity of the aerial-survey equipment, dose rates derived from the soil sample data are given in parentheses. b As measured with the Baird-Atomic instrument. 
	Island -IRWIN co.3 (0.08) CO. 6 (0.46) co. 9 O-1 JAMES co. 3 (0.05) 2.8 3.0 o-5 KEITH co. 3 (0. 15) <O. 6 (0.49) co. 9 o-2 LEROY 2. 8 4.8 7.6 3-8 aAverage dose rates given are derived from aerial-survey data. On islands where activity levels are at the lower limit of sensitivity of the aerial-survey equipment, dose rates derived from the soil sample data are given in parentheses. b As measured with the Baird-Atomic instrument. 
	IIELLE I I I’RED, I i i I.agoon i i----

	TR
	Norther. (ALICE-excludin 

	TR
	Northern (ALICE-excludin 

	TR
	Northerr (ALICE-

	TR
	Northern (KATE-~ 

	TR
	Southern (ALVIN-


	Estimated meanTable 141. h,a,or geographical area 
	Estimated meanTable 141. h,a,or geographical area 
	Estimated meanTable 141. h,a,or geographical area 
	e>:posure 
	rates Source 
	(~.cR/hr) 
	used i,>r dose calculations. Exposure rate, uR/hr Villace Interior 
	Beach 

	.IANET RELLE I:RED, 
	.IANET RELLE I:RED, 
	EI>tiIER, 
	or 
	DAVID 
	137CS 60 Co Cosmic and 137Cs GOCO Cosmic and I 3’iCs tjOCo Cosmic and 
	natural natural natural 
	9.o 5. 0 3. 3 61 50 3. 5 0. ‘7 0 . i 3. .1 
	33 14 3.5 61 50 3. 5 0.2 0.1 3.5 
	1.0 0. 5 3. 5 1.0 0.5 3. 5 0.2 0.1 3. 5 

	r,agoon 
	r,agoon 
	Cosmic 
	and 
	natural 
	3. 3 
	3.5 
	3.5 

	I 
	I 
	Northern islands (ALICE-WILMA, excluding JANET) 
	but 
	137Cs G”co Cosmic and 
	natural 
	iZrea-weighted mean exposure rates, r.tR/hr 14 21 3.5 

	TR
	Northern islands (ALICE-WILMA, excluding B ELLE) 
	but 
	137cs 6oco Cosmic and 
	natural 
	15 16 3.5 

	I / 
	I / 
	Northern islands (ALICE -IRENE 1 
	137cs G”co Cosmic and 
	natural 
	34 47 3.5 

	TR
	Northern islands (KATE-WILMA) 
	13?cs 6oco Cosmic and 
	natural 
	5.9 11 3.5 

	TR
	Southern islands (ALVIN-KEITH) 
	137cs 6oco Cosmic and 
	natural 
	0.2 0.1 3.5 
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	posure rates were chosen by inspection of the mdividual aerial-survey contour maps and of the soil data. The cosmic-ray contribution was estimated to be 
	3. 3 pR/ hr at this latitude, and the natur-ally occurring radionuclides in the soil and sea water were expected to contribute an additional 0. 2 pR/hr. 
	The relative gamma-ray exposure rate contributions from 6oCo and 137Cs ob-tained from the aerial survey agrees well with values independently inferred from the soil activity-depth profile measure-ments. Although the soil measurements indicate trace amounts of other gamma emitters, such as 125Sb, 155Eu, and 
	241 
	Am, calculations of exposure rates based upon the observed soil activities indicate that these radionuclides contri-bute at most an additional 3 to 5% of the total exposure rate. The contribution due to these radionuclides was therefore neglected. Thus, the mean exposure rates shown in Table 141 are felt to be the most reasonable values available for computing integrated dose values. In fact, these mean values may be somewhat conservative, even though the aerial-survey data agree well with the TLD data, bec
	Integral 5-, lo-, 30-, and 70-yr gamma-ray doses for each age group were calculated for each case or living pattern described in Table 135. The re-sults were then combined by “folding” in the present population distribution shown in Table 138. Corrections were made for radioactive decay but not for possible weathering and subsequent 
	deeper penetration Of the radionuclidcs 
	in the soil. The results ot these calc~,,l;,_ tions are given in Table 142 and arc, labeled “unmodified. ” Additional calcu_ lations were made to ascertain tllca e,fc,c,l 
	of reasonable attempts to reduccx the ES_ posure rates on the Atoll. 
	The first modification, labeled “villac,, graveled” in Table 142, reflects the cff,.c.l of covering the Village areas with about 2 in. of coral gravel -a Common prac._ tice throughout Micronesia.“’ This aczt,c,,l can be expected to reduce the gamma exposure rates in the village area by approximately a factor of two. 
	The secc~~~~~ and third modifications are based upon the assumption that clearing the islands for agricultural use and housing will re-sult in some mixing of the topsoil. It appears that it would be practical during this period to also plow many of the morr contaminated islands to a depth of 1 ft. Assuming that plowing results in mixing rather than burying the topsoil, an averaRc* reduction in exposure rates of about a factor of three may be obtained. This re’ duction factor is based upon the present 3-to 5
	at which the activity is e , or 3’i$ of the surface activity) for activity depth distribution in the uppermost soil IaYers of the more contaminated areas. This value, however, is highly variable from site to site. In Table 142 modification 12) indicates the effect of plowing only JANET or BELLE, while modification (3) reflects the additional effect of plowing all the northern islands. Deeper plowing or turning over the soil rather than mixing 
	“J. A. Tobin, private communication, 1973. 
	Unn II 
	Unn 3. III 
	Unn 1. 2. 
	IV 
	Unn 1. 2. 3. 
	V 
	Unn 1. 2. 3. 
	502-
	Table 112. Estin-.ated integral external free-air gamma tioscs. _ -. 
	Gamma dose, rad 
	Table
	TR
	Time 
	inter\.al, 
	x-r 

	Case 
	Case 
	I-i\-:ng 
	pattern 
	5 
	10 
	30 
	70 

	I 
	I 
	\‘illage: 
	Enewetak/ 
	Parry 

	Visits 
	Visits 
	to 
	ALVIN-KEITH 

	TR
	Time 
	distribution: 
	Table 
	137 

	Unmodified 
	Unmodified 
	0.14 
	0.28 
	0.83 
	1.92 

	II 
	II 
	liillage: 
	Enewetak 
	/ Parry 

	i’isits 
	i’isits 
	to 
	ALICE-\\.IL~I_A 

	TR
	Time 
	distribution: 
	Table 
	137 

	Unmodified 
	Unmodified 
	0.38 
	0.68 
	I. 5ci 
	2.97 

	3. 
	3. 
	Northern 
	islands 
	plowed 
	(‘0.22) 
	(0.41) 
	(1.08) 
	(2. 26) 

	III 
	III 
	Village: 
	JANET 

	No 
	No 
	\-isits 
	to 
	other 
	islands 

	Time 
	Time 
	distribution: 
	Table 
	137 
	with 
	“other 

	TR
	islands” 
	time 
	spent 
	in 
	interior 
	of 
	JANET 

	Unmodified 
	Unmodified 
	0.94 
	1.71 
	3.95 
	6.66 

	1. Village 
	1. Village 
	graveled 
	(0.82) 
	(1.49) 
	(3.48) 
	(5. 96) 

	2. 
	2. 
	JANET 
	plowed 
	(0. 36) 
	(0.68) 
	(1.70) 
	(3. 24) 

	IV 
	IV 
	Village: 
	BELLE 

	Visits 
	Visits 
	to 
	ALICE-WILMA 

	TR
	Time 
	distribution: 
	Table 
	137 

	Unmodified 
	Unmodified 
	2. 72 
	4.78 
	10.06 
	15.50 

	1. Village 
	1. Village 
	graveled 
	(1.78) 
	(3. 
	14) (6.69) 
	(10. 
	53) 

	3I. 
	3I. 
	Plus 
	BELLE 
	plowed 
	(0. 83) 
	(1.47) 
	(3. 26) 
	(5.47) 

	3. 
	3. 
	Plus 
	northern 
	islands 
	plowed 
	(0.68) 
	(1.23) 
	(2.77) 
	(4.7G) 

	v 
	v 
	Village: 
	JANET 

	Visits 
	Visits 
	to 
	KATE-WILMA 

	TR
	Time 
	distribution: 
	Table 
	137 

	Unmodified 
	Unmodified 
	0.71 
	1. 28 
	2.94 
	5.06 

	1. Village 
	1. Village 
	graveled 
	(0. 59) 
	(1.07) 
	(2.48) 
	(4. 36) 

	2. 
	2. 
	Plus 
	JANET 
	plowed 
	(0. 36) 
	(0.66) 
	(1. 59) 
	(3. 02) 

	3. 
	3. 
	Plus 
	KATE-WILMA 
	plowed 
	(0. 29) 
	(0. 54) 
	(1. 36) 
	(2.71) 
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	Table 
	Table 
	Table 
	14 2 
	(continued). 

	Case 
	Case 
	Living 
	pattern 
	5 
	10 

	VI 
	VI 
	Village: 
	JANET 

	Visits 
	Visits 
	to 
	ALICE-IRENE 

	TR
	Time 
	distribution: 
	Table 
	137 

	Unmodified 
	Unmodified 
	1.15 
	2.03 
	4.39 
	7.13 

	1. Village 
	1. Village 
	graveled 
	(1.02) 
	(1.61) 
	(3.93) 
	(fi.q3, 

	2. 
	2. 
	Plus 
	JANET 
	plowed 
	(0.80) 
	(1.41) 
	(3.05) 
	(5.0,,, 

	3. 
	3. 
	Plus 
	ALICE-IRENE 
	plowed 
	(0.43) 
	(0.78) 
	(1.85) 
	(3. :!!$) 

	Via 
	Via 
	Village: 
	JANET 
	\ 

	TR
	Visits 
	to ALICE-WILMA 

	TR
	Time 
	distribution: 
	Table 
	136 

	Unmodified 
	Unmodified 
	0.76 
	1.37 
	3.12 
	5.3:i 

	1. Village 
	1. Village 
	graveled 
	(9.62) 
	(1.12) 
	(2.58) 
	(4.:,)) 

	2. 
	2. 
	Plus 
	JANET 
	plowed 
	(0.41) 
	(0.75) 
	(1.77) 
	(3.27) 

	3. 
	3. 
	Plus 
	northern 
	islands 
	plowed 
	(9.30) 
	(9.56) 
	(1.40) 
	(2.x) 

	TR
	-

	VIb 
	VIb 
	Village: 
	JANET 

	TR
	Visits 
	to ALVIN-KEITH 

	TR
	Time 
	distribution: 
	Table 
	136 

	Unmodified 
	Unmodified 
	0.60 
	1.10 
	2. 60 
	4. (i0 

	1. Village 
	1. Village 
	graveled 
	(0.48) 
	(0.88) 
	(2. 14) 
	(3.!10) 

	2. 
	2. 
	Plus 
	JANET 
	plowed 
	(0.25) 
	(0.48) 
	(1.26) 
	(2.56) 

	Mean 
	Mean 
	population 
	dose 

	(Average 
	(Average 
	of 
	Cases 
	I, 
	II, 
	III, 
	V, 
	and 
	VI) 

	Unmodified 
	Unmodified 
	0.66 
	1.20 
	2.74 
	4.75 

	1. Village 
	1. Village 
	graveled 
	(0. 59) 
	(1.07) 
	(2.46) 
	(4.33) 

	2. 
	2. 
	Plus 
	JANET 
	plowed 
	(0.41) 
	(0.74) 
	(1.75) 
	(3.25) 

	3. 
	3. 
	Plus 
	all 
	northern 
	islands 
	plowed 
	(0.29) 
	(0.54) 
	(1.36) 
	(2.70) 

	Sea 
	Sea 
	level, 
	U.S. 
	A. 

	(80 
	(80 
	mrad/yr) 
	Typical 
	0.40 
	0.80 
	2.40 
	5.60 
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	of course, result in even greater
	,I 
	\could, ,,llesure-rate reductions. For i-sample, ,,ising to a depth of 2 ft would reduce the t,,posure rates by an additional factor of t,“e, while covering the sources 7.vith approximately 1 ft of uncontaminated soil ,,euld essentially reduce the exposure rates to negligible values simiiar to those &served on the southern islands. Remov-,“g the top ti in. of soil, which often con-tains about two-thirds of the activity, ,Yould result in a threefold reduction in the exposure rates. The advantages of pl0wing 
	“H. L. Beck. W. J. Lbwder. B. G. Bennett, and Wi J. Condon,-Further Studies of External Environmental Radiation, USAEC, Rept. HASL-170 (1966). 
	DAVID, and that trips to the northern or 
	southern islands are equally likely for both groups. The unmodified mean llopu-lation doses are all quite comparable to 
	U. S. values. _Lt most, implementation of modifications 1 and 2 should be suffi-cient to assure mean population exposures well below the U. S. levels. Case IV represents a “worst credible” type of liv-ing pattern which, of course, leads to appreciably higher doses. However, even 
	in this 
	in this 
	in this 
	situation, 
	the 
	modifications 
	can 

	bring the 
	bring the 
	levels 
	down 
	to 
	the 
	range 
	of 
	U. S. 

	values. 
	values. 


	Because of the low amount of natural radioactivity normally present in the coral atolls, the external dose levels cal-culated for Cases III, V, and VI are still appreciably higher than corresponding levels found elsewhere in the Marshall Islands (essentially Case I). The results for Cases I and II indicate that restricting the permanent villages to “clean” southern islands at least temporarily would result in lower exposures. Note that for Case IIb almost as much exposure is accumulated in the first 10 year
	As illustrated inTable 143 for Case Via, the differences in radiation exposure of the various population groups are minor, particularly for the longer time periods. Similar results were obtained for the other living patterns, indicating that the exact breakdown among age groups is not highly important. Table 144 illustrates the distribution of dose with respect to geographical area for Cases I, II, V, Via. and VIb. The large fraction received while working in the interior or on other islands reflects, of co
	-505-
	,.
	Table 143. Illustration of dose breakdown among population groups 
	(Case Via -unmodified). 
	Total integrated dose, rad Group 5 yr 10 yr 30 yr 7Oyr y 
	Infants 0.64 1. 15 2.66 4.63 Children 0.79 1.43 3.24 5.52 Men 0. 82 1.47 3, 32 5.61 Women 0.79 1.42 3.20 5.42 
	Table 144. Percentage of unmodified exposure received from various locales. a 
	Case Village Beach Interior Lagoon Other islands 
	-Via 47 2 27 1 23 V and VI 36 1 33 2 28 
	II 22 2 8 4 64 
	Vlb 58 2 33 1 5 
	I 50 5 17 8 20 
	aFor 30-yr intervals averaged over population time periods are similar. 
	All of the doses discussed so far are due to free-air gamma plus cosmic-ray exposures. The effect of shielding by structures or the body itself on gonadal or bone doses has been ignored. To 
	convert from free-air dose (rads) to gonadal d’ose (rem), a body-shielding factor of 0.8 may be used”. 
	The free-air dose will be additionally enhanced by the presence of beta rays, originating primarily from “Sr and “Y in the soil. In radiation fields produced by global fallout, where the g”Sr/137Cs activity ratio in the soil is normally 
	*Report of the United Nations Scientific Committee on The Effects of Atomic Radiation, 27th Session, Vol. 1, Suppl. No. 25 (1973). 
	distribution. Percentages for other 
	about 0.67, the free-air beta dose at 1 m 
	above the ground is expected to be about 137
	four times that due to the Cs gamma 
	rays. _4t Enewetak, however, the %,I 137 
	Cs activity ratios in the soil samples showed a wide range of values, with an average ratio of about three. Thus, the free-air beta dose rates may average about 600 prad/hr in the interior of JANET and about 200 prad/hr in the vii-lage area. The resulting beta-ray doses to the skin, eye lenses, and gonads Will be about 50, 25, and l’$&, respectively, Of the free-air valuest. Thus, appreciable 
	-
	-
	-

	TK. 
	TK. 
	0’ 
	Brian, 
	Health 
	and Safety 
	Labora’ 

	tory, 
	tory, 
	USAEC, 
	New 
	York, 
	priGate 

	communication 
	communication 
	(1973). 
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	--
	ids 
	ther 
	;e at 1 m 
	)e about 
	gamma ie 9OS,/ samples vith an IUS, the trage 
	of 
	the vil-3-y doses rds will tively, of ,eciable 
	Labora-
	te 
	,,,,reases in skin and eye-lens doses due 
	;;I the beta contribution could be expected. 
	The gonadal dose, on the other hand, 
	>,rould be insignificant. 
	Very little information is available to !,,%rify these calculated beta-ray air doses, iJut indications are that they may be un-realistically high. This is based upon (iata obtained from two LiF TLD badges that were equipped with aluminum shields, one of which was situated within the inter-ior of JANET. These shielded badges Ody showed an approximate lO’$ reduction in exposure rates from those measured by the unshielded badges at the sam(t loca-tion, thus leading one to suspect that the beta air doses are co
	Evaluation of the Inhalation Pathway 
	D. W. Wilson Lawrence Livermore Laboratory Livermore, California 
	The purpose of this analysis is to deter mine the significance of radioactivity in soils of the Atoll for their potential to inhalation exposures and to provide data necessary for making decisions regard-ing cleanup and future habitation. 
	It has been well documented that radio-activity in soils can resuspend in the atmosphere and be available for inhala-tion. For most radionuclides this path-way contributes an insignificant dosage compared with dosages derived from other pathways. For example, analysis
	,9.-l of dosages from La ’ Cs in the U. S. environ-ment has shown that, as an upper limit, resuspension is no more than 0.003510 of the infinite-time dosage from ail path-ways to an individual”‘. The results of 
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	such an analysis would be similar for 
	“Co and go Sr, but not for plutonium and other actinide elements. These latter radionuclides contribute negligibly to ex-ternal exposures to the whole body and move inefficiently through food chains, resulting in an increased relative impor-tance of the inhalation pathway. 
	Comparison of the maximum permis-sible concentrations in air MPC,’ s , 
	( 

	1 shows that 6oCo, “Sr, and 13’Cs contri-’ bute little to the dosages derived from inhalation as compared with plutonium (see Table 145). The MPC, for “Sr in the soluble form comes closest to being 
	significant. The ratio of the MPC, for 239
	soluble go Sr to insoluble Pu is 40, for example. These radionuclides would be of equal significance if Sr levels in soil are 40 times those of 23gPu. “Sr levels in the Atoll are generally only 2-3 times those of 239Pu. The ratio will decrease with time due to more rapid radioactive decay of Sr and its preferen-tial runoff to the aquatic environment. “Sr, 137Cs, and ” Co dosages via inhala-tion are expected to contribute less than 50/ to the total inhalation exposure. 
	90
	90

	241
	Average values for Am on the islands ranged from 0.07 to 8.2 pCi/g in the top 15 cm of soil (see chapter on terrestrial soil and radiation survev). The 241A, to 23gJ 240Pu ratio, island by island, ranged from approximately 
	0.25 to 3. 5. Highest 241_4m values were 239,240pu
	associated with the lowest 
	*y. Ng, W. Robison, and D. Wilson, “Modeling Radiation Exposures to Popu-lations from Radioactivity Released to the Environment, ” in IAEA/NEA/ WHO Symposium on Environmental Behavior of Radionuclides Released in the Nuclear Industry, Aix-en-Provence, France, May 14-18, 1973. 
	Table 145. hlPC, for radionuclides found in Enewetak soils. a 
	BIPCa, pCiJcm3 Radionuclide Soluble form Insoluble form 
	BIPCa, pCiJcm3 Radionuclide Soluble form Insoluble form 
	Referen&--

	1 x 10-T (total body) 3 X lo-’ (lung) 2 
	6oco 

	9oSr 4 X lo-l’(bone) 2 X lo-’ (lung) 3 
	CS 2 x lo-8 (total body) 5 X lo-’ (lung) 2 
	137 

	238 Pu 7 x 10-l3 (bone) 1 X lo-’ 1 (lung) 2 239 
	Pu 6 X lo-13(bone) 1 X lo-l1 (lung) 2 
	2 x lo-l2 (bone, kidney) 4 X lo-l1 (lung) 2 
	24 Lrl 

	aThe concentration in air computed as leading to the maximum allowable dose rate in 
	---.. 
	the organ of reference, noted in the table, when an individual is continuously exposed to the contaminent in air. 
	values on an island-by-island basis. On ing since they show that the atmosphere 
	the basis of the MPC, values and these of the Atoll, in general, is not influenced 241Am
	soil data, it is concluded that by the burden of radioactivity present in presently in soil would be a small contri-the soils. butor to the inhalation dosages. An addi-Air-sampling data taken during the tional amount of Am activity will grow survey may be unrepresentative of air in from further decay of 24 IPu. levels under actual living conditions 
	241 
	Since 

	241
	the testing period, the Pu has gone since they were obtained on uninhabited 
	through almost two half-lives. Therefore, islands. A high level of human activity 241 
	Am values measured now are almost can be expected to alter the levels of re-as high as will be obtained by further de-suspended activity, particularly near the cay of the remaining 241Pu. individuals who create the disturbances 
	Three approaches may be used to of the soil surface. Such circumstances evaluate the inhalation pathway: could not easily be simulated during the survey.
	••consider only the results of the air sampling during the survey as the ••Use measured soil concentrations and basis for the evaluation. published resuspension factors. Air sampling of the Atoll during the A considerable amount of information 
	survey showed resuspension levels to be has been reported on resuspension fat-so low as to be masked in the “backgrumd” tars, e. g., the ratio of air concentration of atmospheric radioactivity present from expressed as activity per unit volume, to fallout of stratospheric origin (see chapter soil concentration expressed as activity per unit area (see Appendix A of this 
	on air-sampling program). The only 

	exceptions were noted on northern 
	Chapter). Resuspension factors, SO Cd-YVONNE. These findings are encourag-culated, show a wide range of variation, 
	-508-
	in so tic 
	gl 
	of do yil 
	--
	E -
	rate in 
	exposet1 
	osphere nfluenced ‘esent in 
	lg the 
	of air 
	ions habited activity 1s of re-near the Tbances Istances 
	ring the 
	lions and 2. lrmation 
	on fac-
	entration Jlume, to activity 
	this so cal-riation, 
	,, ,,,, ,,lstrL;tln< that sotl-atmosphtrt clis-depend upon ~omples reiatlon-
	[I.,j)lllllJns 
	_,,l,JS not accflcnted for very accurately 
	,)\ ;i bulk measurement of acti\-ity per 
	:,iIit area in 5011. 
	,Lyse measured soil concentrations and 
	estimates of maximum dust loading 
	Ln the air. 
	The problems oi’ using resuspension 
	;,ct0rs dert\-ed from data on radioactivity 
	,,r.e circumvented by an approach which 
	i,5cs measurements of the amounts of 
	dust in the nonurban atmosphere. The 
	origin of the dust loading of the nonurban 
	atmosQIlere 1s assumed to be irom soil 
	and to consist oi particles in the rrspirable 
	range of particle size (for vur calcula-
	tions we assume a mean particle of 
	0.4 I.tm aerodynamic diameter). An additional assumption is required, namely that radioactivity in the soil will behave similarly to the resuspendable soil sur-face. This set of assumptions allows one to predict the ambient levels of radio-activity in air, knowing the concentration of radioactivity in the soil and the amount of soil in air: 
	ca = cs * L (1)
	a’ In Eq. (I), the air concentration (Ca) in pCijm3, equals the concentration in soil, (Cs) in pCi/g, times the concentra-tion of dust in the atmosphere (La) in gim3. Estimation of dosage, Dt, as a function of soil levels can be made by combining dose conversion factors, Rt, with Eq. (l), Yielding: 
	Dt = Cs -La. Rt. (2) 
	Using Eq. (2) to predict dosages requires: 
	Knuwledge of tht activity in soil (C3) in pCi/g. Knowledge of the dust loading in the 3
	atmosphere (L ) in g: m .
	2 
	Dose conversIon factors (R,) in 3 _ 
	rems per pCijm , lor cumulative dose to organs of the body through the inhalation pathway for t = 5, IO, 30, 50, and 70 yr of continuous exposure. 
	Plutonium in Enewetak Soils 
	The soil-sampling Qrogram Qrovides information on the plutonium activity in the top 15 cm of soil on each island and, to a somewhat lesser extent, measure-ments of the vertical distribution of activity. Soil-profile data indicate that soil concen-trations decrease with depth, although there are exceptions to this generalization. Two sets of soil-concentration data will be used in the inhalation-pathway evalua-tion (see Table 146). The activity in the 2 cm of soil will be used to calculate dosages for condit
	toQ 

	239 
	Pu in soil are considered to be repre-sentative of this latter case. This evalua-tion is based on the survey data for 23gPu 
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	Table 
	Table 
	Table 
	146. 
	239,240 
	Pu 
	in 
	Enewetak 
	soils, 
	pCi’g. 
	4-..A 
	Tab’ 

	TR
	__I 
	-

	TR
	In 
	top 
	15 
	cm 

	Island 
	Island 
	Median 
	Range 

	TR
	^ 

	AlLICE 
	AlLICE 
	12 
	3.9-68 
	56 
	3.9-105 
	5 
	?;0r 

	BELLE 
	BELLE 
	__ 
	____ 
	96 
	12-230 
	5 
	be 

	Dense 
	Dense 
	26 
	7.2-130 
	--
	_---
	--
	DA1 

	Sparse 
	Sparse 
	11 
	5.8-26 
	__ 
	__-_ 
	-_ 
	FI 

	CLAR_1 
	CLAR_1 
	22 
	3.8-88 
	40 
	11-80 
	4 
	1x1 

	DAISI-
	DAISI-
	__ 
	-___ 
	50 
	8-180 
	6 
	x11 

	Dense 
	Dense 
	-41 
	22-98 
	--
	_-__ 
	-_ 
	SO’ 

	TR
	-

	Sparse 
	Sparse 
	15 
	3.8-33 
	__ 
	____ 

	EDNA 
	EDNA 
	18 
	13-24 
	18 
	-_ 

	IRENE 
	IRENE 
	11 
	2.4-280 
	13 
	2.3-43 
	and 

	JANET 
	JANET 
	8. 5 
	0.08-
	170 
	21 
	2. 8-100 
	tion 

	KATE 
	KATE 
	-_ 
	____ 
	28 
	1.8-62 
	infli 

	Dense 
	Dense 
	17 
	8.6-50 
	__ 
	-___ 

	Sparse 
	Sparse 
	2.3 
	0.17-14 
	__ 
	--__ 
	I ; 

	LUCY 
	LUCY 
	7.7 
	2.4-22 
	34 
	8.0-49 
	I 

	MARY 
	MARY 
	8.0 
	2.0-35 
	18 
	2.0-26 
	whit 

	NANCY 
	NANCY 
	9.1 
	2.3-28 
	23 
	9.6-35 
	the 

	PERCY 
	PERCY 
	3.5 
	1.5-23 
	11 
	5.5-16 
	POP 

	OLIVE 
	OLIVE 
	--
	_---
	54 
	2. 8-87 
	tion 

	Dense 
	Dense 
	7.7 
	2.2-30 
	-_ 
	___-
	pat1 

	Sparse 
	Sparse 
	2.8 
	1.9-4. 
	1 
	-_ 
	-_-_ 
	hab 

	PEARL 
	PEARL 
	__ 
	____ 
	70 
	4.0-400 
	will 

	Hot 
	Hot 
	spot 
	51 
	15-530 
	__ 
	_---
	tat i 

	Remainder 
	Remainder 
	11 
	0.85-
	100 
	--
	--__ 
	and 

	RUBY 
	RUBY 
	7.3 
	3.0-24 
	2.7 
	__-_ 
	ten 

	SALLY 
	SALLY 
	4.3 
	0.21-130 
	18 
	1.7-62 
	per! 

	TILDA 
	TILDA 
	-_ 
	----
	5:8 
	2.0-16 
	act 

	Dense 
	Dense 
	7.6 
	1.4-17 
	--
	____ 
	mo 

	Sparse 
	Sparse 
	2.5 
	1.1-34 
	--
	-_--
	chi 

	URSULA 
	URSULA 
	1.3 
	0.26-7.3 
	1.5 
	0.6-2.7 
	EXl 

	VERA 
	VERA 
	2.5 
	0.60-25 
	22 
	1.5-35 
	on 

	WILMA 
	WILMA 
	1.1 
	0.1-5.3 
	3.3 
	1.2-7.0 

	Southern 
	Southern 

	YVONNE 
	YVONNE 
	3.2 
	0.02-50 
	0. 24-32 
	PlU 

	TR
	bet 

	TR
	du: 

	TR
	arc 

	TR
	ter 


	--
	-es 
	-
	Table 146 (continued). 
	-
	In top 15 cm In top 2 cm SO. of samples
	In top 15 cm In top 2 cm SO. of samples
	Median Range Median Range 

	Island 

	30rthern beaches 
	30rthern beaches 
	30rthern beaches 
	2.7 
	0.34-13 
	_-
	-___ 
	-_ 

	DAVID, FRED 
	DAVID, FRED 
	EL
	MER, 
	0.04 
	0.004-O. 
	31 
	0.12 
	0.01-O. 
	90 
	17 

	LEROY 
	LEROY 
	0.63 
	0.02-2.0 
	1. 7 
	1. 1-2. F 
	3 

	.\ll other southern 
	.\ll other southern 
	islands 
	0. 07 
	0.004-l 
	1 
	0.12 
	0.01-0.45 
	22 


	240
	240
	Pu 

	together. The small contribu-values for all parameters used, are
	and 

	238
	Pu and 241 Pu could not chosen to be as realistic as possible but influence the results of the evaluation. to contain an element of caution so as not to underestimate possible effects. Predicting the Atmospheric Levels As shown in Appendix A, arithmetic of Plutonium 
	Lion from 

	mean values for dust loading for nonurban 
	It is important to provide an evaluation 
	It is important to provide an evaluation 
	U. S. locations range from 9 to 79 pg/m3; 

	which considers, as far as is possible, 
	which considers, as far as is possible, 
	the average of all locations is 38 pg/m3. 

	the potential for exposure to a returned 
	For urban Honolulu, Hawaii the arith-population which accounts for the popula-
	metic mean mass loading is 35 pg/m3. tion distribution on the Atoll and the 
	It seems reasonable to assume that 
	patterns of living. Under conditions of 
	ambient levels at Enewetak, away from habitation, large areas of soil surface 
	sources of soil disturbance, are similar will become stabilized by cultivated vege-
	to these values for nonurban locations. tation, coral layering in the village areas, 
	Therefore, a value of 40 pg/m3 is 
	and by buildings. These activities will 
	and by buildings. These activities will 
	taken to represent the ambient dust load-

	tend to reduce the possibility for resus-
	tend to reduce the possibility for resus-
	ing in Enewetak air under “quiet” atmos-

	pension of soil particles. However, human 
	pension of soil particles. However, human 
	pheric conditions, assumed to be approxi-

	activities such as construction, earth 
	activities such as construction, earth 
	mately 60% of the time. For 35% of the 

	moving, agricultural activities, and 
	moving, agricultural activities, and 
	time, levels are assumed to be as high 

	children playing, tend to stir up dust. 
	as 80 ,ug/m3 close to an active p.opulation. 
	Exposure levels to individuals will depend 
	Exposure levels to individuals will depend 
	Finally, to account for extremely dusty 

	on such local sources. 
	conditions, due either to high winds or 
	Population exposure levels due to artificial agitation of the soil, levels as Plutonium via the inhalation pathway have high as 10 times the ambient, or 400 pg/rn? been developed on the basis of a model of are assum%l to apply 5% of the time. dust loading. Details of the model used With these arguments one can derive a are discussed in Appendix A of this chap-time-weighted value for dust loading: ter. The assumptions made, and the 4OfO.6) + 80(0. 35) + ) = 72 pg/m3. 
	400(0.05
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	t 
	Dose conversion factors usetj in tlli, 
	It is instructive to examine how high a cvaluatlon are de\-eloped for cc
	value could be obtained to gain perspective 
	dntinucjus
	239
	exposure to 1 pCi/m’ of
	on the sensitivity of the result to each pu in surfa,, 
	air. The factors are in units of cumula_ 
	component. 
	The latter two components 

	tive rems to the lung, liver, and bonrb a, 
	are components which might change with 

	individuals who spend a good deal of time 10, 30, 50, and 70 yr of 
	the end of 3, 

	in dusty atmospheres as a result of their 
	exposure (see Table 147 ). 

	occupation or habits. This individual Dose Estimates might spend 30% of the time in an atmos-I-sing the soil data of Table 146, thr phere three times the ambient, and 10% dose conversion factors of Table 147, and of the time in an atmosphere ten times an average dust loading of 100 wg/m3
	the ambient. This person would experi-
	CUmUlatiVe dose estimates for each ef 
	ence an average atmosphere containing 
	the six living patterns of Table 135 hav,. 
	100 pg/m3 of particles in air of soil 
	been made for the lung (Table 148), livc,r 
	origin. We will use this figure for com-
	(Table 149), and bone (Table 150). In th 
	puting the espected population dosages. 
	living pattern analysis, it is assumed 
	that the population spends 60% of the time 
	Predicting Inhalation Exposure from 
	on the island of residence, 20% on other Atmospheric Levels islands in food gathering and agriculture,Prediction of inhalation dosages has and 20% in the beach areas of the Atoll been carried out using dose conversion :‘: and on the water for fishing purposes.factors derived by Bennett’ from calcula-
	239,240
	Weighted Pu concentrations in
	tions using the ICRP lung dynamics model. soil were developed for each living patternThese factors are calculated for a class-y for both the “modified” and “unmodified” particle, 0.4 pm, and low in solubility. 239 environment. For the “unmodified” en-Bennett has found that Pu distributions vironment, the O-2 cm concentrations Of in the U. S. population are most closely 
	239,240.
	Pu were used. The “modified” 
	explained by the lung dynamics model ‘:‘B. Bennett, Fallout Plutonium-239 Dose
	using the characteristics of the class-y 
	to Man, Fallout Program Quarterly 
	partic es. Summary Report, HASL-278, Health and 
	Safety Laboratory, u. s. Atomic Enera 
	Commission, New York (1974). 
	Table 147. Cumulative dose to the organs from continuous inhalation of 239
	1 pCi/m3 of l?u in air. 
	Dose, rem, after 
	Organ 5 10 yr 30 yr 50 yr 70 yr 
	Lung 8.6 22.0 76 130 180 
	Liver 0.4 2.4 33 93 170 
	Bone 0.6 4.2 61 180 369 
	239,240
	Cumulative rems to organs from Pu via inhalation pathway, lung
	Table 148. 
	, ., -.___-
	I> the 
	and Z!, 
	h of i have 1, liver 
	In the ned he time other ulturc, 
	It011 
	;es. ons in I7 pat&n dified” 1” en-ons of ied” :9 Dose 
	‘lY 11th and Energy 
	‘,,..’ 
	-_ 
	environment is represented by the O-15 cm soil data, on the assumption that use of the land will result in a “turnover” of soil. 
	The southern islands are characterized 
	by uniformly low levels of plutonium in 
	soil. Living patterns, such as case I, 
	which involve a predominant use of the 
	southern part of the Atoll, can be expected 
	to result in insignificant dosages from 
	plutonium \Tia inhalation. Highest dosages
	f 
	were computed for unmodified conditions in living pattern IV, which is an upper-limit case of living on BELLE in the northwest portion of the Atoll. For this living pattern, modifications which homog. enize the topsoil would result in reducing 
	. .
	. .
	:, 

	( . -1 -. .-.. 
	. 

	exposures by a factor of five. 
	The range of plutonium concentrations in sot1 in the northern half of the Atoll is large, with levels of the order of 1 to 10 pCi/g in the top 15 cm of soil, 10 to 
	’ 50 pCi/g in the top 2 cm of soil, and iso-lated high values of 100 to 500 pCi/g. The limited number of such high values does not constitute a separate, significant con-dition with regard to evaluation of potential population dosage. _%ll such data has been incorporated into the development of aver-age soil values, island by island, and are therefore accounted for in the calculations of dose. The only conditions of potential significance, unaccounted for in the evalua-tion, would be those conditions which 
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	239,240
	Table 149. Cumuiazve rems to organs from Pu via inhalation pathway, lircr, 
	time-weight the activities and residence of people toward areas of elevated pluto-nium in soil. Thus, if a large portion of the population spends a large fraction of the time in the specific areas of elevated levels of plutonium in soil, population dosages would be increased. These fac-tors should be considered in examining the need for remedial actions, such as 
	soil removal. An extreme example, the 
	hypothetical occupation of the area on 
	DAISY with up to 500 pCi/g, can be used 
	for perspective. Under these maximum, 
	hypothetical conditions, use of this area 
	might lead to dosages of the order of 4 
	rems to the lungs in 30 yr of exposure, 
	and a similar dosage to the bone. 
	YVONNE 
	YVONNE 
	YVONNE 
	is 
	a unique 
	island 
	with resy~ 

	to plutonium 
	to plutonium 
	contamination, 
	in particular 

	the 
	the 
	northern 
	part 
	of the 
	island 
	(see 
	the 


	chapter on terrestrial soil and radiation survey for a description of the distribu-tion of plutonium in soils). This part of the Atoll has the highest plutonium levels observed in the survey, and was the only s area in which positive identification of resuspended plutonium was made in the air-sampling program. YVONNE is characterized by a nonuniformity of con-
	_ 
	tamination, a large inventory of plutonium* and the existence of pure particles of c. plutonium metal. Unrestricted land use J of YVONNE, without remedial action, d would produce the highest potential for I!: 
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	239, 230 
	Table 150. Cumulative rems to organs from RI T;ia inhalation pathway, bone. 
	population dosages from plutonium. The level of radiological significance, however, depends upon land-use plans as well as radionuclide inventory. 
	Bringing the radiological significance of YVONNE into line with the rest of the Atoll will require either restriction against habitation of the island, or re-moval of large amounts of contaminated soil. 
	In summary, the levels of plutonium observed in soils of the Atoll, excluding YVONNE, can be expected to lead to long-term, average air concentrations of pluto-nium which are the order of a millionth up to a thousandth of the MPC,. These estimates have been made with such 
	In summary, the levels of plutonium observed in soils of the Atoll, excluding YVONNE, can be expected to lead to long-term, average air concentrations of pluto-nium which are the order of a millionth up to a thousandth of the MPC,. These estimates have been made with such 
	assumptions that it is very doubtful that they could be underestimates of the poten-tial population dosages. Population dosages derived from YVONNE would probably exceed ICRP guidelines if this island is used for habitation without prior soil removal. 

	Appendix A 
	Relationship Between Resuspended Plutonium in Air and Plutonium in Soil 
	L. R. Anspaugh Lawrence Livermore Laboratory Livermore, California 
	There are no general models that may be used with confidence to predict the resuspended air activity in the vicinity of an area contaminated with plutonium. 
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	Ho:vever, two approximate methods .may 
	be Esed -the resuspension factor ap-
	proach and an argument based upon 
	ambient air particulate concentrations, 
	with the assumption that the particulates 
	are derived from the contaminated sur-
	face. The former method has been ire-
	quently used, but almost always in the 
	context of a fresh surface deposit. The 
	latter method is inappropriate to the 
	fresh deposit situation, but should be 
	reasonably valid after enough time has 
	elapsed for the surface-deposited mater-
	ial to become fairly well mixed with a 
	fen-centimeters of the soil surface. 
	Resuspension Factor Approach 
	The resuspension factor, K, is defined 
	as K _ Air cone entration (Ci/ m3 ) Surface deposition (Ci/m2) ’ -1
	and thus has units of m . It is almost 
	always implied that both measurements 
	are made at the same location. The diffi-
	culties with this approach are fairly 
	obvious -no allowance is made for the 
	geometrical configuration of the source, 
	the particle-size distributions of the con-
	taminant and the soil surface, vegetation 
	cover, etc. Stewart1 and Mishima2 have tabulated values of K from many experiments including those involving laboratory floors as well as native soils. As would be expected, the tabulated values cover an enormous range and vary 
	-2 -13
	from 10 to 10 /m. Most of the high values, however, are derived from experi-ments with laboratory floor surfaces and/ or with artificial disturbance. 
	, For outdoor situations, Stewart’ sug-gests as a guide for planning purposes
	-! 
	that a value for K of 10m6/m be used 
	that a value for K of 10m6/m be used 
	“under quiescent conditions, or aftc,r i administrative control has been est31,ti,, 

	‘SW
	in the case of an accident. ” A valu 
	c\ of 10-o /m is suggested under conditions (,! : 
	moderate activity. 
	Stewart states, Ilow_ ever, that exceptionally higher values (mean Of lO-5/m) were observed during ._ the Hurricane Trial (Monte Bello islands, and credited this to the nature of thtl small islands exposed to sea breezes. Values approaching 10s3/m when dust is raised by pedestrians and vehicles al.<, also reported by Stewart. Kathren3 has also considered the rc-suspension factor approach and has recommended the use of 10w4/m as a conservative but appropriate value for setting standards for Pu02 surface con-
	4, 5 

	value of 10 /m is a reasonable averagcb 
	value to use in estimating the potential 
	hazard of occupancy of a plutonium-
	contaminated area. At the same time, 
	however, Langham notes that many 
	-5
	measured values lie in the range of 10 
	to 10m7/m and reports that his own 
	measurements in 1956 produced a value 
	of 7 x 10-5-/m. 
	These recommended values, however. 
	are all intended for application during the 
	time period immediately following deposi-
	tion. Numerous studies” 5-8 have shown. 
	that air concentrations of resuspended 1 
	materials decrease with time. With the 
	assumption that this decrease can be 
	represented by a single exponential func-
	tion, half-times of 35 to 70 days have 
	5, 7, 3
	been reported . This decrease in 
	air activity is not explainable by the 
	relatively minor loss of material from 
	1, 6 
	the initial site of deposition , but is 
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	,,r.csumabl,v caused by the migration (ii the initial surface-deposited .material into the soil. 
	-Attempts to use the resuspension factor approach to derive acceptable levels of soil surface contamination have included this “attenuation factor” as a simple exponential function v;ith half-times of 35 or 45 days . There are !najor uncertainties in such a formulation, however. The longest study of this de-crease with time extended to only 11 mo :VhlCh is extremely short compared to the half-
	3, 4 
	following the initial deposition’, 

	239
	life of a radionuclide such as PU. There are also published reports which indicate on experimental and theoretical bases that the decrease with time will not be adequately represented by a single exponential function, but that the rate of decrease itself will also decrease with timel’ 6. Fortunately, the exact nature of this time dependence is not critical in determining the integrated exposure from the time of initial deposition due to the fairly well-documented rapid decrease at early times. However, it i
	AS an illustration, the most conserva-may be used to calculate a resuspension rate for material 15 yr after deposition: 
	tive published model (Kathren’) 
	” 

	K 
	K 
	K 
	= g 
	exp 
	-0.693( 45d 
	X 15,~X 365d’ 

	TR
	y 
	I 

	-10-41/m. 
	-10-41/m. 


	If, however, the resuspension rate 
	asymptotically approached some finite -6
	value 10 of the original, then the resus-Pension rate 15 yr later would obviously 
	-10
	be 10 /m. However, the total inte-
	grated air activity (from t = 0 to W) for 239 
	Pu would be changed only by 
	CC rl x lo+ exp (-0. 693tj45d) dt I 
	0 
	03 
	-_!I>( lo-lo exp (-0. 693t/24, 400~) dt / 
	0 -3
	= 6. 5A X 10-3 + 1.3AX 10 , which is an increase of 2070, and more importantly, cannot be accumulated dur-ing an individual’ s life span. 
	Because the functional nature of the decrease In resuspension rate with time cannot be confidently extrapolated, pre-viously published models should not be applied to the reoccupation of areas many years after the contaminating event. 
	The resuspension-factor approach can be applied in an approximate way, how-ever, if resuspension factors are used which were derived from measurements over aged sources. Perhaps the most relevant data are unpublished results from current resuspension experiments at the GMX site in Area 5 of the Nevada 
	239
	Test Site. The Pu at this location was deposited following 22 high-explosive detonations during the period from December 1954 to February 1956. Measurements of resuspended air activity levels at this site during 1971-1973 appear to be the only available data con-
	239
	of 

	cerning resuspension Pu from a source of this age. 
	Data from two types of measurements are available and can be used to derive average resuspension factors. The first type of measurement’ was accomplished by placing five high-volume cascade 
	10
	impactors within the most highly con-taminated area, and running them for 
	I 
	I 
	I 

	36 days, from July 7 to August 12, 1972. 239,240
	The collected Pu activity was 
	distributed lognormally with particle size with an activity median aerodynamic diameter (AMAD) of 3.0 pm and a geo-metric standard deviation of 8. 2. The 
	239, 240 
	239, 240 
	Pu 

	concentration varied from 

	1.0 x 10-14 to 3.9 X lo-l4 pCi/cm3, with an average of 2.3 X 10i.lCi/ cm3 for the five samplers. At the present time only limited data are available re-garding the soil activity in the area. Four soil samples of depth O-3 cm from approximately the same location have been analyzed with resultsll of 2060 to 3550 dpm/g, with a mean of 2700 dpm/g. Profile data from other locations at the same general site indicate that about 90% of the total deposition is contained within 
	-14 

	12 
	the top 2. 5 cm of the soil . Measure-ments of ~$1 density in the area average 
	1.8 
	1.8 
	1.8 
	g/cm3 . The resuspension factor is therefore 

	2.3 
	2.3 
	X lo-I4 PCi cmS 


	lo2 cm x 2.22 X lo6 dpm
	0.X ‘3 cm m MCi 
	= 3 X 10-10/m. 
	Additional air samples were taken by the Reynolds Electrical and Engineering Co. (REECo) on the edge of the contamin-ated area during the period of February 1971 to July 1972, with a sampling time 
	13
	of approximately 48 hr . Measurements were made at four locations, but the most pertinent is the one which was most frequently in the direction of strong winds from the strongly contaminated area and where the highest air activities were recorded. Here, 254 individual air-filter samples were collected and detec-
	of approximately 48 hr . Measurements were made at four locations, but the most pertinent is the one which was most frequently in the direction of strong winds from the strongly contaminated area and where the highest air activities were recorded. Here, 254 individual air-filter samples were collected and detec-
	table results reported for 236, 239, aR 

	‘Y 
	concentrations ranged from 3. 5 X lo-17 -13 
	-: 

	i
	to 6.3 X 10 witharithmetic and geometric means of 6.6 X lo-l5 ad -16
	pCi/cm3. 
	. 
	10

	7. a x r_tCil cm3, respectively. &,_ suits for four soil samples taken from 
	approximately the same location range 
	from 128 to 202 dpm/g, with a mean of 11
	160 dpm/g . Because the arithmetic 
	mean is a better representation of averqc 
	lung exposure, it is used to derive a re-
	suspension factor at this site: 
	6.6X lo-l5 pCix g X cm3 
	cm3 160 dpm 1.8 g 
	X 0.9 x lo2 cm x 2.22 X lo6 dpm 3 cm m PCi 
	= 2 X 10-‘/m. 
	This value is nearly an order of magni-tude higher than the one previously calcu-lated, and reflects some of the inherent difficulties in the resuspension-factor approach, i. e., that no allowance is made for the geometrical configuration of the source and that higher ground activities may be present upwind. 
	It is obvious that this approach is sub-ject to major uncertainties, but does serve as an order-of-magnitude indication of the resuspended air activities that may 
	239, 240
	arise from a Pu contaminated area which has weathered for 15 to 20 Yr. The data discussed above also demonstrate unequivocally that resuspension of 
	239, 240 
	Pu does in fact occur from such aged deposits and at levels many orders of magnitude higher than would be ex-pected if the often noted decrease with time were represented by a single exPonen’ tial function with a half-time of 35 to 7o days. 
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	jg 
	)rn
	-
	-
	magni -

	calcu-erent tor Is mad<% f the *ities 
	is sub-
	‘S dication 
	at may :ed 
	20 yr. on&rate 
	such rders 2X-I ith exponen-to 70 
	such rders 2X-I ith exponen-to 70 
	\lass-Loading Approach 

	‘The other approximate prediction .,.ethod is based upon measured or _.$j,lmed levels of particulate rnatter in _,:,lbient air with the assumption that this :naterial is ‘derived from the contaminated For fresh deposits this approach is ::ot valid because the freshly deposited 
	SJll. 

	iebris is much more likely to be resus-;)?nded than the remainder of the ,i eathered soil surface. After mar:) ,,.ears of Iweathering since the initial Cjeposition, however, the contaminating material should be reasonably well mixed ,,vith a centimeter or two of soil, .Tuch that the contaminant activity per gram of airborne particulate should approximate that in the upper soil. However, a nlaJOr difficulty could arise if, for example, 
	239, 240 
	Pu 

	were preferentially associated :vith the smaller particle sizes more likely to become airborne. For the Nevada Test Site, such is not the case as 
	14
	determined by soil analyses and by the high-Volume cascade impactor study. 
	The latter study found an AMAD of 3-O pm 
	fOr 239,240
	I Pu, whereas the total mass median aerodynamic diameter was 1.7 pm. The specific activity of the material col-lected on each stage can also be examined for a preferential association of plutonium 
	with particle 
	with particle 
	with particle 
	size. 
	Average 
	data 
	from 
	all 

	five 
	five 
	samplers 
	are: 

	Size, 
	Size, 
	pm 
	23ga 240pu 
	dpm/q 

	>7 
	>7 
	950 

	3.3 to 
	3.3 to 
	7 
	700 

	2.0 to 
	2.0 to 
	3. 3 
	1030 

	1.1 to 
	1.1 to 
	2.0 
	1300 

	0.01 
	0.01 
	to 
	1.1 
	480 

	All 
	All 
	stages 
	890 

	(Soil 1 
	(Soil 1 
	(2700) 


	-4though there is considerable spread in these data, there is no indication of a 239, 240pu
	preferential association of with a particular particle size; as would be expected as a restlit of dilution by inert aerosol, the specific activity is lower than that of the soil. 
	If we assume that this is generally true, a general and conservative method of predicting resuspended air concentra-tions of contaminants would be to simply multiply the ambient air mass loading by the contaminant concentration in soil. A factor of some uncertainty for a specific 
	calculation is what value to use for the 
	ambient air mass loading in the absence 
	of specific data. This becomes even 
	more uncertain because of the possibility 
	that the people involved may be highly 
	correlated with the source in the sense 
	that children playing in sand, adults cul-
	tivating crops, etc., may generate their 
	own “ambient air” which contains much 
	more mass than would be recorded by a 
	remote stationary sampler. 
	The lower and upper bounds of ambient 
	air mass loading can be fixed rather 
	easily for any site. There has been con-
	siderable interest in establishing a 
	“background level” of mass loading, and’ 
	this is generally believed to be about 
	3 (15)
	10 pg/m . The upper bound can be established in a reasonable way by the levels found in mine atmospheres which have led to a considerable prevalence of pneumoconiosis in the affected workers . Examination of these data indicate that current standards for occupational dust exposure (-1-10 mg/m3) have a very small, or perhaps no margin of safety, such that a reasonable upper bound can be taken as 1 mg/m3. British dataI’ 
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	indicate that ii the general public were 
	e.xposed 
	e.xposed 
	e.xposed 
	to 
	d.ust levels in excess 
	of 

	1 rnP/rn”> 
	1 rnP/rn”> 
	the public 
	health 
	problem 
	from 

	the 
	the 
	dust 
	alone 
	might 
	be 
	enormous. 
	The 


	reasonabieness of the upper limit value of 1 mgjm 1s also demonstrated by data which indicate that nonurban ambient air mass concentrations this high are usually associated :vith conditions described as dust stormsl*’ ‘9. 
	3 

	Measurements of ambient air mass loading can be used to further define a reasonable estimate for predictive pur-poses. The National _tir Surveillance Network !N_ISN) has reported suchresults for several years. Data for 1966 show that there were 217 urban and 30 nonurban 
	20 

	stations reporting. ‘The annual arithmetic average for the urban stations ranged from 33 (St. Petersburg, Florida) to 254 pg/m3 (Steubenville, Ohio), with a mean arithmetic average for all 217 stations of 102 pg/m3. For the nonurban stations, the range was from 9 (White Pine County, Nevada) to 79 pg/m3 (Curry 
	County, Oregon), with a mean arithmetic 
	average for all 30 stations of 38 pg/m3. 
	No data in this report are available for 
	nonurban locations on small islands simi-
	lar to the Enewetak group; perhaps the 
	closest analog is the urban station at 
	Honolulu, Hawaii, which had an annual 
	arithmetic average of 35 pg/m3. 
	More pertinent, but limited, data have recently been published for the island of Hawaii21’ 22. Data are given for three locations: Mauna Loa Observatory located at a height of 3400 m, Cape Kumukahi, and the city of Hilo. NASN data for Hi10 (for an unspecified period) 
	n 
	are given as 18 bg/m”, and nephelometer 
	measurements varied from 18 Yg/m3 
	during the day to 26 wg,‘m’ at night * :\t 
	during the day to 26 wg,‘m’ at night * :\t 
	during the day to 26 wg,‘m’ at night * :\t 

	CaFe Kumukahi the nephelometer mea8upp_ 
	CaFe Kumukahi the nephelometer mea8upp_ 

	ment was 9.2 pg/m3. The greatest amOounl 
	ment was 9.2 pg/m3. The greatest amOounl 

	of data is available for Mauna L oa (JhserQ. 
	of data is available for Mauna L oa (JhserQ. 

	torS;. Here, the NASN measurement was 
	torS;. Here, the NASN measurement was 

	3 i.lgi’m3, and the nephelometer measure, 
	3 i.lgi’m3, and the nephelometer measure, 

	ments varied from 1. 7 Hg/rn’ at night to 
	ments varied from 1. 7 Hg/rn’ at night to 

	6. 5 lg/m3 during the day. Additional 
	6. 5 lg/m3 during the day. Additional 

	measurements made by the USAFC Health 
	measurements made by the USAFC Health 

	and Safety Laboratory (HASL) were 
	and Safety Laboratory (HASL) were 

	3 iigim3. It is of int;;est in the present 
	3 iigim3. It is of int;;est in the present 

	context that Simpson made the follo\<,inc 
	context that Simpson made the follo\<,inc 

	comment concerning the HASL measure_ 
	comment concerning the HASL measure_ 

	ments: “The HASL filter samples contain 
	ments: “The HASL filter samples contain 

	substantial dust (3-5 pg/m3 of air sampld) 
	substantial dust (3-5 pg/m3 of air sampld) 

	because of the fact that the filter was 
	because of the fact that the filter was 

	located less than one meter above the 
	located less than one meter above the 

	ground surface near areas with substantial 
	ground surface near areas with substantial 

	personnel activity at the observatory site, I’ 
	personnel activity at the observatory site, I’ 

	Thus, while this method of measurement 
	Thus, while this method of measurement 

	may not have coincided with Simpson’ s 
	may not have coincided with Simpson’ s 

	interest, it does indicate that ambient 
	interest, it does indicate that ambient 

	air mass loadings may be very low on 
	air mass loadings may be very low on 

	such remote islands even when consider-
	such remote islands even when consider-

	able human activity is occurring nearby. 
	able human activity is occurring nearby. 

	On the basis of the above data, it 
	On the basis of the above data, it 

	would appear reasonable to use a value of 
	would appear reasonable to use a value of 

	100 lg/ m3 as an average ambient air 
	100 lg/ m3 as an average ambient air 

	mass loading for predictive purposes. 
	mass loading for predictive purposes. 
	AC 

	Indications are that this value should be 
	Indications are that this value should be 

	quite conservative for the Enewetak 
	quite conservative for the Enewetak 

	Islands, and therefore allows room for 
	Islands, and therefore allows room for 
	.4s. 

	the uncertainty involved because the Pea@ 
	the uncertainty involved because the Pea@ 
	AC* 

	themselves may generate a significant 
	themselves may generate a significant 
	AC, 

	fraction of the total aerosol. Therefore, 
	fraction of the total aerosol. Therefore, 

	they may be exposed to higher particulate 
	they may be exposed to higher particulate 

	concentrations than would be measured by 
	concentrations than would be measured by 
	.4S! 

	a stationary sampler. 
	a stationary sampler. 
	Act 

	Supporting evidence that 100 clg/m3 is 
	Supporting evidence that 100 clg/m3 is 

	a reasonable value to use for predictive 
	a reasonable value to use for predictive 

	purposes is provided by the National 
	purposes is provided by the National 

	23Ambient Air Quality Standards . Here 
	23Ambient Air Quality Standards . Here 
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	jnluicnt atr 15 defined ~15 I’. . . thaT :Jortion of the atmosphere, external to buiidings, [0 ,vhich the general public has access. ” The primar)-ambient air standaros define “levels Ivhich. . . are necessary, ‘:. ith an adequate margin of safety, to protect the ,,ublic health. ” The secondary standards define “levels Lvhich.. . (are). . . necessar! to protect the public ?velfare from any known or anticipated adverse effects oi a !,ollutant. ” These standards for particu-late matter are given below: 
	National ambient air quality standards for particulate matter, pg/ m3. 
	_4nnual Max. 24-hr crrrentlation qeometrlc not to he exceeded more mean than once a year 
	Primary: 75 260 
	Secondary: 60 150 
	Data to support these standards in terms 
	oi health effects, visibilitv restrictions, 24’
	etc. have been provided . _An arithmetic mean would be more desirable for predicttve purposes. Data 70
	from 1966 for nonurban locations indi-cate that the annual arithmetic mean is (on the al-erage) 120rq of the annual geometric mean. 
	Representative Calculations 
	Because one of the primary objects is to derive an acceptable soil level for the Enewetak Islands, the approaches devel-oped above were used to derive such levels for both soluble and insoluble 239PU. The derived values are given in Table 151. The two methods agree within a factor of two, at least for soil distribu-tions like those found at the Nevada Test Site. The ambient air mass loading at 
	Table 151. Acceptable soil levels of bJJPu for a source which has weathered for several years. Values are approximate and are subject to uncertainty. Permissible Concentration in Air for 168-hr occupational exposure 
	(MPC,)25 -
	Insoluble Soluble 
	Acceptable air concentration, pCi/ cm3 lo-l2 6 X lo-l4 
	Resuspension-factor approach 
	-1
	Assumed resuspension factor, m 1o-g 1o-g 
	Acceptable soil depositiona, pCi/m2 lo3 60 Acceptable soil concentrationb, nCi/g 20 1 
	Mass-loading approach 
	Assumed mass loading, pg/m3 lo2 lo2 Acceptable soil concentration, nCi/g 10 0.6 
	aEquivalent to approximately lo4 clg of insoluble 23gPu/m2. b 239
	Assumes same distribution of Pu with depth and soil density as measured at the Nevada Test Site. 
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	air, and do not consider the additional
	NTS during the cascade irnpactor run was reSUSPenSion Of material
	problems of 

	measured to be 70 pg/m3. from contaminated clothing or the resUs
	Such derived values must, of course, pension of material x;hich has been trans.
	be used with a great deal of discretion. They are based on simple model systems which are believed to be generally con-Healy 
	ferred to homes. 
	26 
	has considered and

	these 
	servative, but individual situations can be other problems, and has provided tables COntaminr.
	of “decision levels” for surface 

	imagined which could exceed the predic-tions. 
	tion levels and home transfer levels. 
	A 
	decision level is based upon National Other Considerations 
	Council on Radiation Protection and The above calculations relate only to Measurements (NCRP) recommended the resuspended air activity in ambient dose limitations. Because the derivation, 
	Table 152. Decision levels for soluble 23g Pu, and their equivalent in soil mass based upon the “acceptable soil concentration” from Table 151. 
	26 

	Pathway Decision level Mass equivalent 
	A. Direct personal contamination 
	Direct inhalationa 2 X 10e5 nCi/cm2 1 X 10W5 g/cm2 Direct ingestionb 0.2 nCi/cm2 0.2 g/cm2 Skin absorptionC 8 X 10q4 PCi 0.8 g 
	B. Transfer (to homes) levels 
	Resuspensiond 0.01 pCi/day 
	10 g/day Direct inhalation 0.01 pCi/day 
	10 g/day Direct ingestion 100 pCi/day lo5 g/day Skin absorption 0.03 pCi/day 30 g/day 
	a”The contamination level on clothing and skin that could result in inhalation of air 
	,126
	at the MPC, for the public. 
	The contamination level on skin or clothing that could result in ingestion of a quantity of radioactive material equivalent to the ingestion of water at the MPC, ,126
	brr

	for an individual in the public. 
	‘“The total quantity of radioactive material maintained on the skin for 24 h/day that could result in absorption of a quantity equal to that which would be absorbed from the GI tract if water at the MPCw for “soluble” isotopes for an individual in the 
	,126
	public were ingested. “The amount transferred per day that could result in air concentrations due to resuspension in a medium-sized home averaging at the MPC, for an individual in ,126
	d 

	the public. 
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	TI 
	th of 1C le in 
	al I sus-
	rans-
	1 
	sles atnina-A 
	i 
	3.tions 
	nre rather tenuous, Healy has used the decision level and states that its
	phrase 
	use is to Serve as a signal that further ,areful investigation is warranted. 
	Heal\-’ S decision levels for soluble 23gPu are given in column 1 of Table 152. TM values in column 2 are derived from these and an acceptable soil concentration cf 1 nCi g from Table 151 to give equiva-lent dirt (Soil) contamination and transfer levels. The results are interpreted as indicating that the potential exists for 
	greater dose contributions from these in-
	insoluble Therefore, if dose 
	frequently-
	frequently-
	frequently-
	considered 
	pathways 
	than 
	from 

	the 
	the 
	usuallv 
	considered 
	path\sav 
	of 
	resus-

	pension 
	pension 
	as 
	calculated 
	for 
	ambient 
	air. 

	This 
	This 
	conclusion 
	xould 
	be 
	the 
	same 
	for 

	239& 
	239& 


	calculations based on the usual resus-pension pathway should appear limiting compared to other pathways Such as food-chain transfer, these pathways considered by Heal-need to be carefully evaluated for the specific Enewetak situation. 
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	sequence of numbers in the nucllde (.(,,,,!:n.Chain The first two digits give the atomic nunI :jrt
	Dose Estimates for the llarine Food 

	W. L. Robison and the last three digits give the 
	mtupc.
	Lawrence Livermore Laboratory 
	Lawrence Livermore Laboratory 
	mass number; therefore 55137 is 13ic,h

	Livermore, California The tables also include the tissue, the 
	number of samples in the average, the
	Introduction range of individual values, and, becau.
	This analysis is designed to estimate 
	b (’ 
	of the skewed distribution observed in
	the dose via the marine pathway. The this survey and observed for trace elc-
	dose assessment is based upon the mar-ments and radionuclides in other pop~l;~_
	ine diet discussed in the chapter on tionsle3, the lognormal median for
	dietary and living patterns (Table 139). comparison with the average value. The reef fishes are the most plentiful
	Data Bank around the Atoll and are the easiest to
	The data bank contains analytical catch. Therefore they make up a con-
	results from slightly over 800 fish and siderable portion of the fresh fish intake
	approximately 50 edible invertebrates in the diet. The most plentiful reef
	collected during the 1972 Enewetak sur-fishes, and also three of the preferred
	vey (for a detailed description see the fish in the diet, are surgeonfish, goatfish,
	marine survey chapter). Data from the analysis of the radionuclide concentration in fish muscle have been summarized in several different ways to help in the inter-pretation and the assessment of the values to be used in the dose code. Figure 118 
	r-4
	indicates the various forms of the summar-Avemge by species Avemge by species by island for entire Atoll
	ized data. Table 153”lists the average radionuclide concentration -with concentrations for a 
	I
	f 
	nondetected nuclide set equal to the detec-
	Average by four Average by four main tion limit in column 4 and concentrations main fish groups -fish groups for by island entire Atoll
	for nondetected nuclides set equal to zero in column 7 -for each species for 
	I
	samples collected at each island and in the open lagoon. 
	Table 154 ton microfiche) 1 I_ii.‘b:6/?] presents the summary of the average radionuclide concentration for each species for the entire Atoll, regardless of loca-
	1 tion. The nuclides are identified by the Vq lue used in dose code for dose :I_ 
	assessment via the
	Because of the sheer bulk of the data, 
	marine pathway
	Tables 153-155 and 157 have been repro-duced on microfiche film and may be 
	Fig. 118. Summaries of marine 
	found in the envelope mounted on p. 527. 
	concentration data. 
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	Tables 153, 154, 155, and 157. Radionuclide concentration in fish muscle. 
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	I 
	P 
	’ I 
	’ I 
	r” 

	_...,<ihlullet. Other reef fish are eaten I’jt are not as plentiful. In addition, the _rger pelagic, predator fish are eaten, I;it they are harder to catch and therefore .;z:pply much less of the fish diet than the reef fishes. Tridacna clams also consti-:.,te a small portion of the diet. They are ,onsidered a delicacy, are not available .n large quantity, and are usually eaten :.a~ at the time of catch. Lingusta ;l&ster) are also considered a delicacy cut contribute a very small portion of the .narine diet
	Therefore the next summary presents the average radionuclide concentration of iour main fish groups -surgeonfish, goatfish, mullet and “other”-where !‘&her” includes all species other than the three mentioned, including the tri-dacna clams and lingusta. The summary is shown in Table 155 (on microfiche) and is island specific. 
	Table 156, incorporated in the text, iists the average concentration of the radionuclides in the four fish groups for the entire Atoll. The number of samples in the average concentration, the standard deviation, and the high and low of the range are all given. The plot of the con-centration of 137Cs, 6oCo, and “Sr, the 
	1 three main isotopes found in fish muscle, for the four fish groups is shown in Fig. 11% The standard deviations for 
	1 
	each of the four fish groups were a fac-tor of 2 to 3 times greater than the dif-ference between the range of the mean values. There was therefore no statisti-
	; 
	cally significant difference in the mean Qlues of the four groups; however, the Kruskal-Wallis nonparametric test did indicate a difference in the total distribu-tion for 6oCo and “Sr. 
	2.0 
	1.6 
	Fig. 119. Average concentration of 
	137cs, 6oCo, and “Sr for the four fish groups for the entire Atoll. 
	Because there were no statistically significant differences between mean values for the four major fish categories, the r.adionuclide concentration was aver-aged by island for all fish. These results are given in Table 157 (on microfiche). Figures 120-122 show a plot of the 
	137cs, 6oCo, and go Sr average nuclide concen-tration in all fish as a function of island 
	location. 
	There appears to be a higher concen-tration of the three radionuclides in fish from ALICE through IRENE than from islands JANET through LEROY. Although individual samples from islands JANET through LEROY had concentrations in the 
	529-
	Figure
	Figure
	Fig. 120. 137 Cs concentrations in marine samples as a function of loca-tion in the Atoll. The bar above each vertical arrow indicates the maximum value for a sample included in the average. No bar or arrow indicates a single sample. 
	same range as individual samples for islands ALICE through IRENE, there was definitely a significant difference for the 
	137 
	Cs and ” Co (p = 0.001 Mann-Whitney U Test) concentrations for fish from ALICE through IRENE, versus those from JANET through LEROY. There was no significant difference between these island groups for fish muscle samples for ‘OS,. If fish samples for eviscerated whole fish (which includes the bones) are in-cluded, then go Sr concentrations do test differently for these island groups. 
	However, the people living on Engebi (JANET) will fish both east and west of the island; that is, they will fish off the islands ALICE through IRENE, but will also fish off the islands KATE through 
	However, the people living on Engebi (JANET) will fish both east and west of the island; that is, they will fish off the islands ALICE through IRENE, but will also fish off the islands KATE through 
	WIL,2?& on Engebi the Atoll. they will 

	In essence, the People living will fish the northern half ef Therefore, in their fish diet 
	,
	integrate the concentrations of 
	the fish from the northern half of the 
	Atoll, i. e. , -ALICE through WIL~IA. Again using the Mann-Whitney U Test, concentration values for the three isotopes for all fish from islands ALICE through WILMA i. e., the northern half of the 
	Atoll, were tested against the concentra-tion values for all fish from islands ALVIN through LEROY, i. e., the southern 
	4or, , , , / , , , , , , ) , , , , , , , , 
	10 
	Fig. 12 1. 
	60 
	Co concentrations in marine samples as a function of loca-tion in the Atoll. The bar above each vertical arrow indicates the maximum value for a sample included in the average. No bar or arrow indicates a single sample. 
	0. 
	Fig. 
	half t must two h 
	137C 137C 
	diffel wholf the a the tl a fat 
	for 
	Atoll 
	137C 
	aver. 
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	Fig. 
	we 
	con lea 
	90
	5 the caE the set avc co1 in. due the cat the lc; tio we we the co 
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	6, 
	5 
	4 
	1 
	x I 
	0.01 0.1 1 10 
	Concentration -pCi /g 
	Fig. 124. Histogram plot of the 137 cs 
	concentration in all fish from 
	the entire Atoll. 
	we have used the average radionuclide 
	concentration, which is conservative and leads to the higher dose estimate. 
	Elements other than 137cs , 6oco , 
	‘OS,, 238* 23gy 240Pu and 55Fe were for the most part nondetectable. In such 
	* 

	cases, for the purpose of dose estimates, 
	the concentration of the radionuclide was 
	set equal to the detection limit. The average pCi/gram value listed in column 4 in Tables 154-158 was calculated in this manner. Using this approach pro-duces a conservative dose estimate of the contribution from these nuclides be-cause the actual concentration of many of these nuclides may be far below the analyt-ic&. detection limit. For example, detec-tion limits for 241 Am established by wet-chemistry analysis of a few samples were found to be significantly lower than those previously established by gam
	Tables 1 54-158 give an indication of 
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	the isoxcrpes v:hose concentrations were established by- detection limits. The 8th column headed “average” (if nondetected concentration set equal to zero) means that if an element were not detected, the concentration value was then set equal to zero rather than equal to the detection limit. Therefore, if a zero appears in this coiumn, it means that the isotope was not detected in any of the samples analyzed. If a number appears in this column but the concentration value is very 10~. relative to the “averag
	7-
	6-
	5-ox : 4-$ Z 3-
	2-
	l-
	Ou 
	0.01 
	Concentmtion -pCi /g 
	Fig. 125. Histogram plot of the 6oco concentration in all fish from the entire Atoll. 
	maximizes 
	maximizes 
	maximizes 
	the 
	dose 
	contribution 
	from 

	these 
	these 
	radionuclides. 

	Table 
	Table 
	159 shoves the 
	average 
	concen-


	tration of the three main radionuclides found in fish. The number of samples analyzed, as well as the high and low of the range, are given. These values, cor-
	rected by a factor of S. 5 to obtain wet 
	weight, were used along with the 600-g/day 
	intake of fish from the predicted diet to 
	make dose estimates. The values for 
	90 
	Sr in this table deser:-e special com-ment. Most of the reei iishes, which make up a large portion of the marine diet, are small and are not easily filleted to separate meat from bone. Therefore, the eviscerated fish were homogenized in a blender to make a uniform sample and then packaged for counting. Homogeniz-ing the whole fish (excluding viscera) includes all the bones of the fish. A sig-
	90
	90
	Sr

	nificant fraction of the in fish is, of 
	course, lodged in the bone moiety. How-
	ever, the Enewetakese do not eat the 
	bones of the fish and are, in fact, careful 
	to eat the meat from around the bones. 
	The samples where the muscle was separated from the bone showed 
	a musVl,, concentration of “Sr Of 0.075 pCi/g, which is lower by near-l?-a factor of 3 than that observed in the eviscerated whole fish. Therefore, the dose from Sr has been calculated using the value for fish muscle of 0. 075 pCi/g dry Weight (or 0. 021 pCi/g met weight). 137
	90 

	For reference, data ior the 
	Cs and “Sr content of fish from U. S. diets, from high lakes in Colorado, from arouI,d Amchitka Island, and from around Bikini 
	Atoll are shown concentrations lar or in some served in other concentrations 
	in Table 160. Cesium at the .Qoll are quite simi-cases lower than those ob-
	locations, are higher 
	locations, are higher 
	while strontium in the Atoll 

	than in the U. S. diet. 
	Dose Code 
	The doses via the marine and terres-trial food chains were estimated using the following differential equation to de-scribe the intake and retention by man: 
	Table 159. Radionuclide concentrations in fish (January 1972). 
	Concentration, pCi/p dry weight Nuclide Sample No. of Samples Average High Low 
	137cs All fisha 128 0. 39 6.8 0.026 
	6oco All fisha 128 2. 0 38 0.041 “Sr All fisha 125 0. 16 1.5 0.0010 “Sr Eviscerated 74 0. 21 _--_--
	whole fish 
	“Sr Fish muscle 51 0.075 ------only 
	aAll fish includes eviscerated whole fish and those fish where muscle was separated from bone and only the muscle was analyzed. 
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	Comparison oi cesium and strontium i:ata :i,t’ ~narine fish muscle 
	sable 160. 

	-
	-Concentration, mean bCi ‘g, drs v:t 
	Enewetak 1972 0. 3 0. 08 
	-Amchitka 197 la 0. 1 ?\‘o data 
	Chicago 197lb 0. 1 0.003 
	Chicago 19f_-,,b 0. 2 0.003 
	Bikini l968c -1.0 0. 7 
	Colorado mountain lakes 197’d ‘>-, 5 So data 
	a_4mchitka Radiobiological Program Progress Report, NI-O-269-17, 1972. 
	bRadiation and Data Reports 1971, 1972; 
	Health and Safety Laboratory Quarterlv Reports i97 1, 1972, 1973. 
	‘Radiological Report on Bikini -Atoll, 1968. 
	Radioecology of Some Satural Organisms and Systems m Colorado,” Eleventh Annual Progress Report to -4tomic Energy Commission, Department of Radiology and Radiation Biology, Colorado State University, Fort Collins, Colorado, Rept. COO-1156-63. 
	dll

	dC c = co eehrt,1:: here Co is the concentra-
	man _ I fmanC x C man man,
	dt-M -tion observed at the time of the survey 
	where Cman = concentration of nuclide and X, is the radioactive decay constant. in man, pCi ‘g, 
	The concentration in man at any time t I = food intake, g/day, 
	after initial consumption of the food is: f = fraction of nuclide ingested reaching the organ of art -A_t
	(

	I r, co 
	I r, co 
	man 

	reference, C PCi ‘g.
	I-m-l-M( x_-.xr) e -e 
	)

	C = concentration of nuclide in food product, pCi/g (i. e., 
	The dose at any time t after initial con-
	fish, shellfish, coconut, land crab, etc. 1, sumption is: 
	M = mass of the organ of t reference, g, and 
	Dose (rem) = KE Cman dt x = effective elimination rate / 0 of nuclide from man, day-1 
	man 

	t I f_ co x =A +h = KE 
	man biological radioactive .
	( ) / 0 M ‘_-xr 
	( 

	The concentration C in the food pro-
	where K is a conversion constant from ducts is calculated assuming that the 
	pCi/g to rem and equals 5. 1 X 10e5 nuclide disappears only by radioactive 
	disintegrations . g 
	’ rem, and E is the
	’ rem, and E is the
	decay, i. e., that no other processes are pCi . MeV. day 

	disintegration energy of the nuclide in
	in operation which reduce the nuclide MeV, including a factor for relative bio-
	availability in the food chain. Therefore 
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	logical 
	logical 
	logical 
	effectiveness 
	(RBE). 
	The 
	final 

	dose 
	dose 
	is then 
	determined 
	from 
	the 
	integra-

	tion 
	tion 
	of the 
	equation, 
	i. e., 
	I&T\ 


	t ‘u’ 
	rem;
	1 
	Table 161 lists the fman (FMAK), 
	(LR), Aman (LMAN), and
	x 

	radioactive 
	disintegration energy (E) values for all of the isotopes in the dose calculations. Values for the parameters fnlan (Fn1.W) (a dimensionless number) and h 
	man (L1IAN) (in days-‘) for the whole body, bone, and kidney are taken from ICRP 4’ 5 or from more recent literature reports, where such data exist. We are continually searching the literature and updating f and X values for many isotopes when new information is available. The masses (in grams) used for the whole body and other reference organs are adopted from ICRP values. The disintegration energies, E, (in MeV), are obtained from either ICRP 4* 5 or the work of the MIRD com-6
	mittee . The radioactive decay constants -1
	X, (LR) (in days ) are calculated from isotope half-life data in the Table of 
	Isotopes’. 
	The intake term (I) represents the average daily consumption of various dietary components. The average diet is the result of input from Jack Tobin of the Trust Territories, discussions with Dr. Mary Murai of the University of California, Berkeley and reports which she has published8, and direct interview and observation of the Enewetak people in their present locations (see reports by Marsh and Nelson included in the chapter on Enewetakl. 
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	Dose Estimates for the Marine lJ3t,,, 
	‘, ai 
	The radionuclide concentratl 
	> 15 
	the average value for all fish from t:, entire -Atoll determined from our 
	SUIY(>, and is listed in Tables 158 and 158 for each nuclide. The average values for radionuclide concentrations listed in the tables are in pCi;g dry lveight, The data are corrected to pCiig wet weight for usc in the dose code by dividing by 3. 5, the average wet-to-dry ratio for fish from the -Atoll. Integral doses calculated from the marine survey data are listed in Table I(;? for the whole body and bone for 5, 10, 30, 
	and 70 yr. The major contribution to the whole-body dose comes from 137Cs and 60 
	Co, while the bone dose comes from 90 137
	Sr, as well as Cs and 6Oco. The fourth line of the table gives the summa-tion of the dose to each organ from the three isotopes. The bottom entry in the table lists the dose from all radionuclides which are listed in the Table 154 footnote. It is clear that almost ail of the dose is contributed by 137Cs, 6oCo, and “Sr. For example, the 30-yr integral whole-
	137
	body dose is 47 mrem from Cs and Co, and only 6 mrem additional whole-
	60

	body dose is contributed by other radio-
	nuclides. For bone, the total dose from 
	all radionuclides is 840 mrem, with 94% 
	90
	contributed by Sr, and 6% by all other nuclides. In addition to the isotopes listed in Table 158, dose estimates for 
	14C and I were made and included in the sum-mary of the marine pathway. Neither 14
	129 
	C 

	nor 12’1 were detected in anY of the samples, but doses were calculated on the assumption that the concentration equaled the detection limit. The 30-Yr 
	Table 
	Table 
	Table 
	161. 
	The 
	disintegration 
	energy 
	E 
	and 
	the 
	radioactive 
	half 
	life 
	LR 
	are 
	listed 
	for 
	each 

	TR
	radionuclide. 
	The 
	effective 
	biological 
	half 
	time 
	LMan 
	and 
	the 
	fraction 
	of 

	TR
	ingested 
	isotope 
	reaching 
	the 
	organ 
	of 
	reference 
	FMan 
	are 
	listed 
	for 
	three 

	TR
	receptor 
	organs, 
	bone, 
	liver, 
	and 
	whole 
	body. 

	1 
	1 
	BONE 
	tlHSS= 
	5.0OOE+O3 
	LIVER 
	mass= 
	1. BElOE+O3 
	WtIC‘LEE;l:lD’I 
	IIK’;~ 
	? . ODBEI-&I 

	NUCL 
	NUCL 
	IDE 
	B 
	LG 
	-LTlFIII-
	-FI 
	WitI-
	-LrllW-

	3H 
	3H 
	6.287E-03 
	1.541E-04 
	5.790E-02 
	;.7YPE-O2 

	14 
	14 
	c 
	5.087E-02 
	3.3lJE-07 
	1. :33E-82 
	I$. Y~IJE-82 

	55FE 
	55FE 
	6.540E-03 
	7.032E-04 
	I q5_1E-03._ 

	lxlco 
	lxlco 
	B.740E-01 
	3.603E-04 

	63N I 
	63N I 
	1.780E-02 
	2.06JE-OS 

	90SR 
	90SR 
	5.500Ei00 
	6.781E-05 

	106RU 
	106RU 
	1,400E+00 
	1.899E-O3 
	:.43’3E-103 

	102RH 
	102RH 
	1.000E+00 
	6.544E-04 
	J.240E-02 
	1.000E-02 

	113CD 
	113CD 
	1.300E-01 
	1.356E-114 
	5.5 1 lE-03 
	9. 000E-Cl.5 

	125SB 
	125SB 
	3.600E-0 
	1 
	7.032E-04 
	7.633E-03 
	3 . 0 0 0 E -113 

	123 I 
	123 I 
	7.686E-02 
	1.13;E-10 
	3. ?5OE-02 

	133BFI 
	133BFI 
	3.940E-01 
	2.637E-04 
	1 093E-02 

	137cs 
	137cs 
	5.300E-01 
	6.32YE-05 
	6: 363E-03 

	I 
	I 
	144CE 
	3.754E+00 
	2.432E-Of 
	3.89-1E-Of 

	TR
	147PM 
	2.297E+00 
	7.032E-04 
	I. 165E-Of 

	z tDI 
	z tDI 
	15lSM 152EU 
	1.523E-02 6.600E-01 
	2.110E-05 1.531E-04 
	4.133 lE-84 3,379E-04 

	TR
	155EU 
	1.600E-01 
	1.055E-O3 
	l .Z-lOE-03 

	TR
	2078 
	I 
	1.000E+00 
	6.323E-05 
	5.217E-132 

	TR
	235 U 
	4.600E+00 
	2.662E-12 
	8. D30E-03 

	TR
	23aPu 
	4.600E+0 
	1 
	2.134E-OS 
	4.032E-05 

	TR
	233PU 
	5.300E+Bl 
	7.794E-O8 
	1.106E-05 
	1 . 350E-05 

	TR
	240PU 
	5.300E+@l 
	2.803E-07 
	1. ?‘7E-05 
	1 . 3 5 0 E -0 5 

	TR
	241RM 
	5.700E+0 
	1 
	4.145E-06 
	2.3 lfE-05 

	TR
	R 
	I 1/‘26/73 


	Table 
	Table 
	Table 
	162. 
	Integral 
	dosea 
	for 
	5, 
	10, 30, and 70 yr 
	from 
	the 
	marine 
	food 
	chain. 
	f&2 

	Integral 
	Integral 
	dose, 
	remb 
	-
	1. Ii* Lo 

	Nuclide 
	Nuclide 
	5 yr W. B. 
	Bone 
	10 yr W. B. Bone 
	30 yr W. B. Bone 
	70yr W. B. 
	-Bone 
	* 2. F. Sil 

	137cs 
	137cs 
	0.0061 
	0.0061 
	0.012 
	0.012 
	0.030 
	0. 030 
	0.049 
	0.049 
	Pr 3. A. 

	6oco 
	6oco 
	0. 0078 
	0.0078 
	0.012 
	0.012 
	0.017 
	0.017 
	0.017 
	0.017 
	RL 4. IC 

	9OS, 
	9OS, 
	_-_ 
	0.13 
	---
	0.31 
	---
	0.77 
	--
	1. 3 
	R:-

	Sum 
	Sum 
	0.014 
	0. 14 
	0.024 
	0.33 
	0.047 
	0. 82 
	0.066 
	1.4 
	t 
	5. IC E! 

	All nuclides 
	All nuclides 
	’ 
	0. 016 
	0.14 
	0.028 
	0.34 
	0.053 
	0. 84 
	0.089 
	1.6 
	(E 6. Nl 

	aThe dose is based upon Atoll and upon a dietary six living patterns. 
	aThe dose is based upon Atoll and upon a dietary six living patterns. 
	the average fish intake 
	concentration of 600 g/day. 
	for fish from These doses 
	the entire apply to all 
	(I Sl (: 

	bThe concentration data return date to the Atoll; begin on January 1974. 
	bThe concentration data return date to the Atoll; begin on January 1974. 
	were all 
	corrected to integral doses 
	January 1974, are calculated 
	the for 
	earliest periods 
	possible which 
	7. 2 II 8. n 

	‘Isotopes 
	‘Isotopes 
	included 
	in the 
	“All 
	nuclides” 
	calculation: 
	i 

	TR
	3H 
	6oco 
	lo2Rh 
	137cs 
	F 

	TR
	14C 
	“Sr 
	113Cd 
	133Ba 

	TR
	55Fe 
	lo6Ru 
	125Sb 
	144Ce 


	14
	integral dose for 
	C, calculated in this limit reported here. Therefore, neither however, there is very good reason to isotope is significant in the total dose believe that the actual concentration is assessment via the marine pathwtiy. orders of magnitude below the detection 
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	E\-aluarion 1: t:-!t: Dosage trom Terrestrial l.‘oods 
	1.. c. Sg, 13. ..T. Berger, D. ,J. Pederson, 
	Y. E. Rickcr 2nd S. E. Thompson, Jr. Lawrence i_Ix.‘er-?ore LaboratorS-Livermore, Caiiiornia 
	Introduction 
	This chapter describes the analysis of the biota data for evaluation of the poten-tial dose from ingestion of terrestrial foods. Because some of the items expected in the diet were not available in abundance for adequate sampling, it nas necessary to examine not only data from the edible species but also those from other consti-tuents of the ecosystem, i. e., soil, indicator plants, and indicator animals. It was necessary to take into account radiological data reported for other loca-tions, to examine colla
	cussed earlier in this section (nbles 1,4). 
	Sampling of Terrestrial Biota 
	The chapter on the terrestrial biota survey presents a detailed description of the terrestrial biota sampling program. Edible plants or animals collected include coconut, pandanus, tacca, various species of birds, bird eggs, and coconut crab. Indicator species include Messerschmidia, Scaevola, rice rat, and roof rat. 
	Table 163 lists the islands from which edible species were collected. Edible species were collected wherever they could be found but, in contrast to 
	Messerschmidia and Scaevola, they were 
	ahndar 
	b Rats az 
	-542-
	r,ox j~-a~lable <3r sampiing on ca(.i: t _,. Coconut ::a5 sampled 011 16 island.; :,,_ tributed about the -qtoil,butpandan>:. 
	,::/ 

	fruit ivas obtalxed onl>-from RIZLI_I; 3r,(i KEITH, and tacca root only from r]:;\:llj. Pandanus leaves were collected frc.,,, BELLE, KEITH and eight additionai islands. Zo breadfruit was found on rt,(, .Qoll. Coconcts collected by Ken lIarsi, in Jul)-1973 :‘:ere the source of the (:o(‘I,_ nut milk and a portion of the coconut from IRENE and MARY. , 
	Birds nere collected on 18 islands lIl,(i eggs from eight islands distributed throughout the _Xtoll. Collection oi 1 ilc‘o- nut crabs was confined to islands in the south (BRCCE, GLENN, JAMES, KEITII and LEROY). Hermit crabs were colIectc,ti on IRENE and on the southern islands, DAVID, REX, GLENN, HENRY and IRWIX, but they are not part of the diet. Rice rats and roof rats v:ere collected on nine iSlank in the north and the south, including JANET and Y1-ONNE. Rats are not Part of the diet, but they provide u
	livestock. 
	Distribution of Radionuclides in Terrestrial Foods Coconut -Coconut is the edible plant for which sampling was most extensive. Table 164 lists the concentrations of radio-
	nuclides in dry coconut meat. is a graph of the distributions of 137
	Figure 126 
	90
	Sr and 

	Cs by island, and Fig. 127 is a graPi’ Of the distributions of the other nuclides that were above detectable limits. 
	The terlll “island number” as used in Table 163 ancJ in the figures refers to the practice of 
	assigning consecutive numbers to coach island as one proceeds around the !Uoll, beginning with ALICE. 
	,rable -Island 
	s I. 2. 4. 9. 
	10. 
	12. 14. 15. 16. 17. 19. 20. 21. 22. 24. 29. 30. 31. 32. 33. 34. 35. 37. 38. 39. 40. 41. 42. 43. 
	Al Bl D1 IR 
	JJ 
	Ll M N1 Ol PI Sj ‘1.1 Ul VJ Y’ V‘ AI Bl Cl D, RI El FI Gl HI IR 
	Jl 
	K! 
	L: 
	,lxable 163. Terrestrial biota survey. Edible plants and edible animals sampled. -
	Coconut Coconut Pandanus Pandanus Tacca Ejird Coconut
	Island 
	Island 
	meat milk fruit leavesa corm Birds eggs crab Ratb

	NO. Island 
	-
	1. 
	1. 
	1. 
	ALICE s 

	2. 
	2. 
	BELLE s 
	X 

	4. 
	4. 
	X 
	D-LUST 

	x 

	9, IRENE 
	9, IRENE 
	x X 
	X 

	10, JANET 
	10, JANET 
	x s x 
	X 

	12. 
	12. 
	LCCY 
	X 

	14. 
	14. 
	X x 
	MARY 

	X 

	15. 
	15. 
	X 
	KAYCS-

	x 

	16. 
	16. 
	OLIVE 
	X 

	17. 
	17. 
	X 
	PE_kRL 

	X 

	19. 
	19. 
	SALLY x x 
	X 

	20. 
	20. 
	TILDA 
	x 

	21. 
	21. 
	URSULA 
	X 

	22. 
	22. 
	X 
	VERA 

	X 

	24. 
	24. 
	X X X 
	YVONNE 

	X 

	29. 
	29. 
	VAN 
	X 

	30. 
	30. 
	ALVIN 
	X 

	31. 
	31. 
	X X X 
	BRUCE 

	X 

	X X 
	X X 
	X

	32. 
	32. 
	CLYDE 

	X X X X 
	X X X X 
	X

	33. 
	33. 
	DAVID 

	34. 
	34. 
	X 
	REX 

	X 

	35. 
	35. 
	X X 
	ELMER 

	X 

	37. 
	37. 
	X 
	FRED 

	X 

	38. 
	38. 
	X X 
	GLENN 

	X 

	39. 
	39. 
	X 
	HENRY 

	X 

	40. 
	40. 
	IRWIN s X 
	X 

	41. 
	41. 
	JAMES 
	X 

	42. 
	42. 
	X X X X 
	KEITH 

	X 

	43. 
	43. 
	X X X 
	LEROY 

	X 


	apandanus leaves are not eaten but serve as indicators for padanus fruit. b
	Rats are not eaten but serve as indicators for poultry and swine. 
	Table 164. Radionuclides in coconut meat. 
	-
	-
	-

	TR
	Concentration, 
	pCiig 
	dry 
	ix:t 

	Island NO. 
	Island NO. 
	Island 
	J 
	3H 
	__ 
	6Oco 
	90 Sr 
	137Cs. 
	239, 240 

	TR
	-
	1’11 
	2 
	10 

	4 
	4 
	DAISYa 
	0.415 
	co. 059 
	0.200 
	7.17 
	-0 

	TR
	_ 

	9 
	9 
	IRENE 
	<O. 067 
	0. 067 
	1.77 
	0. 0362 
	\”.-

	TR
	86. 5 
	Cl. 
	70 
	1. 61 
	5.11 
	co. 
	034 
	u a 

	10 
	10 
	JANET 
	0.343 
	<O. 069 
	0.207 
	84.7 
	’ C 
	1 

	14 
	14 
	MAR\-
	1. 18 
	co. 
	055 
	0. 136 
	14.3 
	co. 
	0005 
	0 .-

	TR
	76. 6 
	co. 
	017 
	14. 1 
	5. 58 
	co. 43 
	s 

	TR
	; 

	15 
	15 
	NANCY 
	0.333 
	i. 95 
	co. 
	054 
	0. 167 
	18.8 
	co. 
	0006 
	: 

	22 
	22 
	VER_A 
	~‘:0. 0 5 3 
	0.134 
	9.30 
	0. 00013 
	6 ” 
	0.1 

	24 
	24 
	YVONNE 
	0.664 
	0.077 
	0.011 
	3. 96 

	TR
	co. 
	19 
	co. 
	066 
	CO” 054 
	1.99 
	co. 
	0020 

	31 
	31 
	BRUCE 
	co. 
	014 
	0.582 

	33 
	33 
	DAVID 
	0.313 
	CO. 060 
	0.014 
	2.59 
	0.0027 
	0.01 

	TR
	co. 
	012 
	0.026 
	0.399 
	0.0034 

	35 
	35 
	ELMER 
	0.305 
	CO. 63 
	CO. 028 
	co. 
	075 
	3.45 
	CO. 0052 

	TR
	CO. 068 
	0.032 
	2. 14 
	0.00044 
	Fig. 
	1 

	37 
	37 
	FRED 
	0.390 
	<o. 
	020 
	0.030 
	2.39 

	TR
	0.302 
	co. 
	35 
	<o. 
	02 1 
	0.367 
	0.530 
	co. 
	0058 

	38 
	38 
	GLENN 
	CO. 27 
	co. 
	053 
	co. 
	049 
	1.30 
	co. 
	0013 

	TR
	co. 
	029 
	0.020 
	1.01 
	<O. 0025 
	KEITH 

	39 
	39 
	HENRYb 
	co. 
	11 
	co. 
	007 
	CO. 028 
	0.565 
	co. 
	0010 
	plant. 

	40 
	40 
	IRWIN 
	CO. 64 
	0.074 
	co. 
	086 
	0.2-9 
	co.0027 
	island -

	42 
	42 
	KEITH 
	co. 
	29 
	CO. 064 
	CO. 056 
	0.952 
	<o. 0009 
	centrat 

	43 
	43 
	LEROY 
	co. 
	015 
	0. 189 
	3.90 
	0.00073 

	TR
	Tat 

	aA 
	aA 
	concentration 
	of 
	0.065 
	pCi 
	207 .Bi/g 
	was 
	measured 
	in the 
	sample 
	from 
	DAISY. 
	nuclide 

	b A concentration 
	b A concentration 
	of 0. 098 pCi 
	155Eu/g 
	was 
	measured 
	in the 
	sa,mple 
	from 
	IfENRY. 
	tacca 
	i 

	TR
	Fig. 
	1: 


	Coconut Milk -Table 165 is a com-the milk was obtained from green nuts 
	Coconut Milk -Table 165 is a com-the milk was obtained from green nuts 
	Birc 

	parison of the radionuclide content in fresh. and most of the meat from ripe nuts, the 
	parison of the radionuclide content in fresh. and most of the meat from ripe nuts, the 
	sidere, 

	coconut meat and coconut milk collected bracketed meat and milk samples from 
	coconut meat and coconut milk collected bracketed meat and milk samples from 
	found c’ 

	from the same’ island. All of the milk IRENE and MARY are not representative 
	from the same’ island. All of the milk IRENE and MARY are not representative 
	these 

	samples represented were obtained from of single pooled samples of coconuts. 
	samples represented were obtained from of single pooled samples of coconuts. 
	white-

	coconuts collected by Ken Marsh in July 
	coconuts collected by Ken Marsh in July 
	Table 

	1973. In Table 165 the meat samples of Pandanus -Table 166 lists the con-
	radian 
	the bracketed pair of meat and milk centrations of the radionuclides detected 
	of thes 
	samples from IRENE and MARY were also in fruit and leaves of pandanus. 
	samples from IRENE and MARY were also in fruit and leaves of pandanus. 
	The fruit 

	terns , 

	collected by Ken Marsh. Since most of and leaves listed for BELLE and for -544-
	0.01 
	0.01 
	0.01 

	5 
	5 
	10 
	15 
	20 
	25 
	30 
	35 
	40 
	45 

	Island number 
	Island number 

	Fig. 
	Fig. 
	126. 
	90Concentrations of Sr 137Cs in coconut meat. 
	and 


	KEITH are representative of the same plant. Figure 128 is a graph showing the island-by-island distribution of these con-centrations. 
	Tacca -The concentrations of radio-nuclides detected in the one sample of tacca are listed in Table 166 and shown in Fig. 128. 
	Birds -The “edible” birds are con-sidered to be those species that were found and collected in greatest numbers: these include the common noddy, the white-capped noddy, and the sooty tern. Table 167 lists the concentrations of radionuclides detected in muscle and liver of these species. A fourth group of pooled terns assembled from common noddies, 
	100 
	I ‘f 4 I i I j i 1 
	10 
	. 
	.
	1 
	‘3 
	A A 
	aa$ 
	A 

	0.1 . . 
	0 
	0.01 *3H A 55Fe 
	E!
	o 239,240~” 
	0.001 . 6oco 
	c 
	0 
	I I I loI I I I
	0.0001 
	5 10 15 20 25 30 35 40 45 Island number 
	Fig. 127. Concentrations of radionuclides in coconut meat. 
	white-capped noddies, and sooty terns is also represented in Table 167. Figure 129 shows the distributions of 55 60
	Fe and Co in muscle and liver by island, and Fig. 130 shows the distribu-tions of “Sr, i37Cs, and 23gJ 240Pu in these tissues by island. 
	Bird Eggs -Table 168 presents the 
	radionuclide concentrations detected in 
	bird (common noddy or sooty tern) eggs, 
	and Fig. 131 shows the distribution of 
	the radionuclide concentrations by island. 
	Coconut Crabs -Table 169 lists the concentrations of the radionuclides de-tected in muscle and hepatopancreas of coconut crabs. Figure 132 is a graph of the distributions of 6oco, “Sr, and 
	137
	Cs in these tissues by island. 
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	Island Plant 
	lXc ._ 239,240 
	55Fe PO
	Sr 

	NO. Island part 6oC0 > 
	Table 16 5. Radionuciides in meat and milk of cocL::‘lt. Concentration, pCi,‘g wet 
	Table 16 5. Radionuciides in meat and milk of cocL::‘lt. Concentration, pCi,‘g wet 
	Table 16 5. Radionuciides in meat and milk of cocL::‘lt. Concentration, pCi,‘g wet 

	4 
	4 
	DAISY 
	co. 029 
	0. iO0 
	3. 58 

	TR
	llilk 
	io. 
	30 
	co. 
	051 
	0.068 
	0.084 
	CO. 0016 
	0.048 

	9 
	9 
	IRENE 
	Lie at 
	co. 
	034 
	0.033 
	0. ss5 
	0.0181 
	0. Xl 

	TR
	LIeat 
	5. 60 
	co. 
	11 
	0.104 
	0.331 
	LO. 0022 
	0. Olirlil 

	TR
	1Iilk > 
	<2.7 
	co. 
	15 
	\o. 077 
	10.0086 
	0. o-lo 

	10 
	10 
	-JANET 
	Lie at 
	0.035 
	0. i03 
	42. 3 
	0. 50 

	TR
	Uilk 
	co. 
	12 
	‘CO. 030 
	0.084 
	11.2 
	’ 
	0.0005 
	0. 05:: 

	l-1 
	l-1 
	!L2*4RY 
	LIeat 
	0.590 
	<o. 027 
	0.068 
	7. l-1 
	\0.0003 
	0. :$I 

	TR
	Xleat 
	42. 2 
	co. 
	009 
	7. 79 
	3.07 
	CO. 24 
	0.55 

	TR
	LIilk ) 
	co. 
	35 
	CO. 016 
	0. 042 
	4.52 
	-rO. 0046 
	0. O(i7 

	15 
	15 
	NANCY 
	Meat 
	0.975 
	co. 
	027 
	0.084 
	9. 42 
	co. 
	0003 
	0. 50 

	TR
	Xlk 
	0.266 
	CO. 060 
	0.051 
	6. 65 
	co. 
	0010 
	0. o-if, 

	33 
	33 
	DAVID 
	Meat 
	co. 
	030 
	0.0069 
	1. 30 
	0.0014 
	0.50 

	TR
	Meat 
	co. 
	0059 
	0.013 
	0.199 
	0.0017 
	0. 50 

	TR
	Milk 
	co. 
	13 
	co. 
	012 
	CO. 023 
	1.09 
	co. 
	0015 
	0.047 


	aWhere wet and dry weights were not determined, the dry-wt/wet-wt ratio of coconut meat was assumed to be 0. 50 4s6. 
	b
	b
	This coconut sample was green and hence yielded little meat. 

	Statistical Analysis of Terrestrial pCi/g dry plant f pCi/g dry soil. 
	Biota Data 
	Biota Data 
	Table 170 summarizes the concentration 

	factors of 137Cs and 9’Sr determined for 
	Statistical Correlations Between edible and indicator plants. These two Plants and Soil.-Soil is both a logical nuclides have been singled out because 
	and convenient starting point for predict-they were consistently detected and ing radionuclide concentrations in terres-measured in terrestrial vegetation and trial foods. First, it is the source com-they contribute most to the dosage from 
	The con-
	partment from which all the terrestrial ingestion of terrestrial foods. 
	137
	Cs and

	food chains derive their radioactivity. centration factors for both 90
	Second, it was subjected to extensive Sr are seen to be widely distributed, sampling and analysis on each island of with ranges varying by a factor of 100 or the Atoll. more. This is not really surprising 
	The uptake of radionuclides from soil since the pairing of plant and soil data 
	to plants can be described quantitatively for the same location is inherently lack-
	in terms of the concentration factor, de-ing in precision and since soil is a Coi*’ 
	fined in this discussion as plex substrate that does not exhibit 
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	Table : 
	Island No. 
	2 
	10 
	19 
	20 
	22 
	33 
	35 
	37 
	42 
	43 
	aAdd 
	inP 
	(3) 
	lea\ 
	0. 1 
	Unifc Line fore betu Plan ful I 
	( 
	the 
	the 
	Table 166. Radionuclides in pandanus and tacca. 
	Concentration, 
	Concentration, 
	Concentration, 
	pCi/g 
	drya 

	Island NO. 
	Island NO. 
	Island 
	Plant type 
	3H 
	55Fe 
	6oco 
	g”Sr 
	137cs 
	239, 240pu 

	2 
	2 
	BELLE 
	Pandanus 
	0.859 
	0.140 
	206 
	923 
	0.00343 

	TR
	fruit 

	TR
	Pandanus 
	0.438 
	co. 
	14 
	391 
	679 
	CO. 24 

	TR
	leaves 

	10 
	10 
	JANET 
	Pandanus 
	2. 32 
	<o. 
	12 
	4.41 
	0.620 
	0.00204 

	TR
	leaves 

	19 
	19 
	S_kLLT 
	Pandanus 
	0.703 
	co. 
	11 
	1. 97 
	15.0 
	0.0149 

	TR
	leaves 

	20 
	20 
	TILDX 
	Pandanus 
	2. 94 
	co. 
	12 
	15. 5 
	152 
	0.00698 

	TR
	leaves 

	22 
	22 
	VERA 
	Pandanus 
	co. 
	069 
	4. 64 
	17.6 
	0.007 
	57 

	TR
	leaves 

	33 
	33 
	DAVID 
	Pandanus 
	0.127 
	co. 
	11 
	3. 56 
	15.9 
	0.00132 

	TR
	leaves 

	TR
	Tacca 
	0.516 
	Cl. 
	31 
	co. 
	09 
	0.096 
	8.96 
	0.00114 

	TR
	corm 

	35 
	35 
	ELMER 
	Pandanus 
	0.416 
	co. 
	034 
	25. 1 
	3.09 
	0.00195 

	TR
	leaves 

	37 
	37 
	FRED 
	Pandanus 
	0.851 
	<o. 
	066 
	0.422 
	4.29 
	0.00770 

	TR
	leaves 

	42 
	42 
	KEITH 
	Pandanus 
	1.99 
	12.2 
	co. 
	10 
	13. 1 
	0.860 

	TR
	fruit 

	TR
	Pandanus 
	0.356 
	CO. 027 
	(lost) 
	0. 569 
	0.00447 

	TR
	leaves 

	43 
	43 
	LEROY 
	Pandanus 
	0.210 
	<o. 074 
	1. 69 
	9.14 
	0.00222 

	TR
	leaves 


	aAdditional nuclides measured at levels above detection limits: (1) 125Sb, 3.01 pCi/g in pandanus fruit from BELLE; (2) lo2Rh, 0.114 pCi/g in tacca corm (DAVID); 
	(3) Ce, 0.724 pCi/g in pandanus leaves from KEITH and 0.469 pCi/g in pandanus leaves from LEROY; (4) 207 Bi, 0.043 pCi/g in pandanus leaves from KEITH and 
	144 

	0.108 pCi/g in pandanus leaves from JANET. 
	uniform properties at any given location. radiation survey were used to represent 1,2
	Linear regression analysis was there-soil. Messerschmidia and Scaevola, the 
	fore carried out to identify correlations the dominant and most widely disseminated between 137Cs and “Sr concentrations in and extensively collected plant species, plants and those in soil that would be use-were chosen as indicator plants. The fol-
	ful for predictive purposes. lowing linear regression analyses were 
	Concentrations of “Sr and 137Cs in performed to determine regressions of the O-15 cm profile samples reported in “Sr and 137 Cs in plants on those in soil: the chapter on the terrestrial soil and (1) coconut meat on soil, (2) pandanus 
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	Fig. 128. Concentrations of radionuclides in pandanus and tacca. P 0 0 
	0 

	0
	0.1 

	leaves on soil, (3) Messerschmidia on 
	. e 
	.
	soil, and (4) Scaevola on soil. The con-
	. . 
	A . * 
	centrations of “Sr and 137Cs associated . 
	0 ••with soil locations near a given plant loca-0 0 
	A 
	.
	tion were determined using the overlay 
	. 

	0. ••
	0.01I* . figures of Appendix II. The mean of the 
	‘A A

	A 
	0



	iA .; 
	iA .; 
	concentrations in soil at these locations 
	A 
	. 0 
	was used as the independent variable in 
	A
	. 
	the regression analysis. 
	0 
	. 

	I I I I I I 1 1,
	0 
	. 

	0.001L 5 10 15 20 25 30 35 40 
	Coconut vs Soil -Figure 133 shows 
	Island number 
	the 137 Cs concentrations in coconut meat Fig. 130. 137C,,
	Concentrations of “Sr, 
	and 239,240
	and 239,240
	as a function of those in soil. Linear re-

	mu in muscle and liver of birds.
	gression analysis’ of the log-transformed 
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	TabIe 167. Radionuclides in muscle and liver of birds. 
	Concentration, 
	Concentration, 
	Concentration, 
	pCi/g 
	dry 

	Island No. 
	Island No. 
	Island 
	Sample type 
	55Pe Muscle Liver 
	6oco Muscle Liver 
	g”Sr Muscle 
	Liver 
	13Qs Muscle Liver 
	239,240Pu Muscle Liver 

	1 9 10 
	1 9 10 
	ALICE IRENE JANET 
	Common II II 
	noddy II II 
	49.6 105 
	127 49.6 258 
	0.321 0.247 0.507 
	CO.165 0.324 co.165 
	0.0099 0.0078 
	<0.0099 0.509 0.0667 
	<:0.072 co.099 %0.069 
	LO.094 co.057 Q.O.097 
	0.00 
	1 II 
	O.O(i”:! 0.009 1 o.o:<:< 

	TR
	JANET 
	Pooled 
	terns 
	59.5 
	172 
	0.159 
	<0.514 
	0.0047 
	0.0050 
	0.062 1 
	CO.406 
	0.0055 
	0.0015 

	12 14 
	12 14 
	LUCY MARY 
	Common ,I 
	noddy ,I 
	8.78 14.2 
	199 251 
	co.216 0.316 
	co.390 0.568 
	0.0046 0.482 
	0.187 <0.019 
	0.192 0.143 
	\. 0.2 4 6 \0.093 
	0.022a 0.0022 
	co.073 co.012 

	16 
	16 
	OLIVE 
	II 
	II 
	92.8 
	232 
	co.151 
	co.195 
	0.0016 
	0.0362 
	*< 0. 0 9 2 
	KO.107 
	0.0919 
	0.0105 

	17 
	17 
	PEARL 
	Pooled 
	terns 
	317 
	0.659 
	0.647 
	co.049 
	co. 142 
	CO. 127 
	0.004 1 

	I KCDI 
	I KCDI 
	19 24 29 
	SALLY SALLY YVONNE VAN 
	White-capped noddy Sooty tern Common noddy II I, 
	110 36.6 22.6 99.6 
	155 3a6 279 
	0.214 co.114 0.230 0.283 
	0.235 co.120 0. 3 6 9 0 . 195I 
	0.0135 0.0064 0.0073 0.0034 
	0.02a3 0.0344 k.O.011 o.u-103 
	co.oa7 ‘IO.0111 0.08fi \ 0. 07 6 
	L.0 . 055I kO.OG9 ,.0.075 ..O.OCjO 
	0.0196 0.0054 0.0 2 0 1 0.00 1‘1 
	0.0110 <:0.079 0.011I 0. oo:!!i 

	TR
	30 
	ALVIN 
	Pooled 
	terns 
	CO.167 
	CO.187 
	0.12a 
	kO.131 

	TR
	31 
	BRUCE 
	White-capped noddy 
	41.3 
	327 
	0.392 
	CO.253 
	<o.ooao 
	0.0326 
	qo.079 
	kU.134 
	0.006’J 
	6.02”Z#+ 

	TR
	32 33 
	CLYDE DAVID 
	Sooty II 
	tern II 
	20.4 59.0 
	146 153 
	co.09 I CO. I 00 
	co.549 co.34 5 
	0.0064 
	0.0149 0.0545 
	(J.065 ~xO.OU2 
	-(o. 054 LO.230 
	co.00 15 0.119 
	0.0017 0.0420 

	TR
	34 40 42 
	REX IRWIN KEITH 
	Common II II 
	noddy II II 
	43.5 169 
	1 la 423 
	0.177 0.609 0.452 
	CO.161 0.635 0.689 
	0.0865 o.ooa 5 co.004 1 
	~0.0091 0.233 
	<0.076 0.306 Ko.089 
	io.091 ,.o. 1 (i 1 co.129 
	0.0056 0.0434 0.0010 
	0.0121 0.0:!.11! 

	TR
	43 
	LEROY 
	White-capped noddy 
	64.4 
	all 
	2.07 
	2. a3 
	co.112 
	0.402 
	co. 134 
	CO.242 
	0.0033 
	0.0072 
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	Fig. 
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	Concentration in soil -pCi/g, dw Statistical correlation between 90 Sr in coconut meat and 9’~ in soil. 
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	Figure
	‘..
	7
	1 
	Table 170. Soil-to-plant uptake of 137Cs and “Sr. Table
	-
	Concentration factors F
	(pCi/g dry plant t pCi/g dry soil) 
	t 
	Cesium-137 Strontium-90 Plant No. of No. of type samples Min Median Max samples Min Median ~a~ Messe Messerschmidia 47 0.051 5.4 270 42 0.031 1.2 13 
	Scaevc Scaevola 45 0.059 4.7 120 39 0.023 0.74 14 
	Poole0 Pooled Messerschmidia and Scaevola 92 0.051 5.2 270 ai 0.023 O. 96 14 Coconut meat 21 0.22 1.3 16 16 0.0011 0.023 1.6 Pandanus leaves 10 0.072 4.7 42 9 0.18 1.0 57 Pandanus fruit 2 1.3 21 2 2. 5 7.7 Pandar Tacca corm 1 16 1 0.21 Messe Scaevc Poole0 
	concentration in coconut and the logarithm those obtained from the edible plants. 
	of the go Sr concentration in soil. The Statistical analysis reveals for both nu-J 
	mean go Sr concentration in coconut can elides and both indicator species signifi-Cocom therefore be predicted from that in soil. cant positive correlation between the 
	Pandas 
	Messe Pandanus Leaves vs Soil -Figure 135 Scaevc
	137
	Cs 

	I II 
	I 

	shows the concentrations of in pan-
	Pooled danus leaves as a function of those in 
	soil, and Fig. 136 shows comparable 
	F data for “Sr. Both the 137Cs data and bAn F ‘An F
	aAn

	the go Sr data scatter widely and are rela-
	dAn F tively few. Linear regression analysis eAn F fAnF
	(Tables 171 and 172) reveals that the cor-g;:je;:
	relations of 137Cs and “Sr between pandanus leaves and soil are not statis-tically significant. 
	logarit 
	A
	A 
	Messerschmidia, Scaevola and and the 
	Pandanus Leaves vs Soil -Figure 137 soil. 137
	presents Cs concentrations and I I by stat
	0.1 -
	d _.-.a 
	Fig. 138, go Sr concentrations in Messer-0.1 1 10 supper schmidia and Scaevola as a function of Concentmtion in soil -pCi/g, dry regres cant1y
	luf 

	those in soil. Fig. 135. Statistical correlation between scatter widely about the regression line, from j 137
	The data points are seen to 
	137 
	Cs in pandanus leaves and 

	but they are far more numerous than Cs in soil. 
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	137
	Table 171. Statistical correlation between Cs in plants and 137Cs in soil. 
	Sample Correlation Level of Plant size coefficient significance lnY=A+blnx type in) (I-1 (P) A b 
	-1. Messerschmidia and Scaevola 
	48 0.79 co. 001 1.86 0.901
	k,lesserschmidia co. 001 1. 52 0.823
	Scaevola 46 0.76 
	93 0.78 LO. 001 1. 69 b 0. 864a
	rooled 
	rooled 
	B. Pandanus leaves, Messerschmidia, and Scaevola 

	Fandanus leaves 10 0.52 N.S.g 1.75 0. 682 
	\Iesserschmidia 48 0.79 co. 001 1.86 0.901 
	3caevola 46 0. 76 co. 001 1. 52 0.823 
	Pooled 104 0. 76 co. 001 1. 6gd 0.851’ 
	C. Coconut meat, pandanus leaves, Messerschmidia. and Scaevola 
	, 
	Coconut meat 22 0. 69 co. 001 0.847 0. 620 
	Pandanus leaves 10 0. 52 N.S.g 1.75 0.682 
	.2lesserschmidia 48 0.79 co. 001 1.86 0.901 
	Scaevola 46 0.76 co. 001 1. 52 0.823 
	Pooled 126 0.74 co. 001 1. 53f 0. 824e 
	EAn F-test for equality of the regression slopes gives F = 0.28, P = 0.597. 
	An F-test for equality of the regression intercepts gives F = 1. 50, P = 0.225. 
	‘An F-test for equality of the regression slopes gives F = 0. 31, P = 0.734. 
	dAn F-test for equality of the regression intercepts gives F = 0. 72, P = 0.489. 
	•0. 633. 
	eAn F-test for equality of the regression slopes gives F = 0. 57, P 
	•

	*An F-test for equality of the regression intercepts gives F = 3. 32, P = 0. 22. 
	Reject null hypothesis. 
	gNot significant. 
	‘/ 
	I 

	Logarithm of the concentration in plant each be combined and represented by a . 
	and the logarithm of the concentration in common pooled regression line (Tables i soil. Comparisons of the regression lines 171A and 172A). 
	by statistical methods described in Ref. 2 
	Similar analyses of the three individual 

	support the assumption that the individual 137Cs and “Sr 
	plant-soil correlations for 

	regression curves do not differ signifi-in pandanus leaves, Messerschmidia, and 137 
	Cs

	and “Sr data Scaevola also reveal that in each case the 
	cantly and that the 

	from Messerschmidia and Scaevola can individual correlations are statistically 
	-553-
	L-
	L-
	90 90 

	Table 172. Statistical correlation between Sr in plants and Sr in Soil. Sample Correlation Level of 
	Plant coefficient significance 1nY X+bln, 
	. 
	type (r) (P) A P 
	A Messerschmidia and Scaevola 
	Messerschmidia 42 0.83 co. 001 0.438 
	0.868 Scaevola 39 0.81 co. 001 -0.0451 0.866 Pooled 81 0.81 co. 001 0. 20gb 0.8663 
	B. Messerschmidia, Scaevola, and pandanus leaves 
	Messerschmidia 42 0.83 co. 001 0.438 0.8~8 Scaevola 39 0.81 <o. 001 -0.0451 0.866 Pandanus leaves 9 0.49 N. s. c 1.05 0.537 Pooled 90 0.79 co. 001 0. 29ge 0.83& 
	C. Messerschmidia, Scaevola, pandanus leaves, and coconut meat 
	Messerschmidia 42 0.83 <o. 001 0.438 0.868 Scaevola 39 0.81 co. 001 -0.0451 0.866 
	Pandanus leaves 9 0.49 N. S. ’ 1.05 0.537 Coconut meat 16 0.50 0.05 -3.01 0.482 Pooled 106 0. 62 co. 00 1 -0. 244g 0. 798f 
	aAn F-test for equality of the regression slopes gives F = 0.00, P = 0.989. bAn F-test for equality of the regression intercepts gives F = 3.26, P = 0.075. CNot significant. dAn F-test for equality of the regression slopes gives F = 0.80, P = 0.455. eAn F-test for equality of the regression intercepts gives F = 1.76, P = 0. 179. f An F-test for equality of the regression slopes gives F = 1.64, P = 0. 185. gAn F-test for equality of the regression intercepts gives F = 39-41, P = 0.000. 
	Reject null hypothesis. 
	indistinguishable from the pooled correla-lines for Messerschrnidia, Scaevola, and coconut meat Yielded
	tion (Tables 171B and 172B). These re-pandanus leaves, 137
	sults provide justification for using the common results for Cs and “Sr. 
	pooled plant-soil regression curve for The individual slopes are statistically Messerschmidia, Scaevoia, and pandanus indistinguishable (Table 17 lC), but 
	leaves to predict 137Cs and “Sr in pan-the null hypothesis that the four inter-danus leaves from the respective concen-cepts are equal has to be rejected. 
	trations in soil. Analysis involving the Thus the pooled plant-soil regression comparison of the individual regression curve cannot be used to predict 
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	1j7cs and Sr in :?conur from those In soil. It must be rememcered that the pan-danUS samples are :E..v in number. Thus, although the pandancs-vs-soil correlations are not statistically rignificant, it is 
	PO 

	I 
	reasonable to expecr rhat with a larger “umber of samples, rhis would not be the case. Vse oi" the pcr;ied regression line 
	137
	for predicting C-s and 9’ Sr in pandanus leaves is a prudent procedure that leads to prediction of someivhat higher values than those using the individual pandanus
	I L’S soil regression lines. Use of the pooled regression line implies that \vith a larger number oi pandanus samples, the data would tend to iall above the regression lines of Figs. 135 and 136 and the slopes
	I 
	of the regression lines would increase. 
	The close correspondence of the median 137
	concentration factors of Cs and “Sr 
	in Messerschmidia, Scaevola, and pandanus leaves (see Table 170) provides additional justification for using the pooled regression. 
	Statistical Correlations Between Edible Plants and Indicator Plants -Indicator plants can also be used as the starting point for predicting radionuclide concen-trations in food items. Linear regression 
	analy s is was performed to determine 137
	I 
	I,2 

	regressions of Cs and go Sr in coconut meat on those in indicator plants. It was not possible to determine regressions of pandanus leaves on other plants because other plant species were not commonly sampled at pandanus sampling sites. 
	Figures 139 and 140 show respectively, 137 
	Cs and go Sr concentrations in coconut 
	Cs and go Sr concentrations in coconut 
	meat as a :~~n~t,d,~ oy those in Uesser-

	schmidia and Scaevola. Linear regression 1,3
	analys is reveals significant correla-tions (PC 0. 901) between the logarithms of the I37 Cs in COCOnut and those in 
	Messerschmidia and Scaevola. NSO the 
	individual regression lines are statistical!;. 
	indistinguishable (see Table 173). In the 
	90 
	case of Sr, the analysis reveals a signi-ficant correlation (P = 0. 05) between the logarithms of the concentration in coconut and those in Scaevola, but the correlation between the logarithms of the concentra-tions in coconut and those in Messer-schmidia is not significant. The individual regression lines, however, are statistically indistinguishable (see Table 174). Thus, these results indicate that the concentra-tions of i37C~ and go Sr in Messerschmidia 
	\” 
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	Fig. 136. Statistical correlation between 90 
	Sr in pandanus leaves and 
	90 -
	Sr in soil. 
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	137 
	137Cs in
	rrable i73. .5tatistical correlation bet?reen Cs in coconut meat and indicator plants. 
	Sample Correlation Level of I’1 ant size coefficient significance In Y = A + b In X type (n) (r-1 (PI A b 
	,uesserschmidia 19 0.80 co. 001 0.060 0.652 Scaevola 19 0.70 co. 001 0.404 0.575 Pooled 38 0.75 io. 001 0. 237b 0. 612a 
	ah F-test for equality of the regression slopes gives F = 0. 17, P = 0. 680. b-h F-test for equality of the regresston intercepts gives F = 0. 63, P = 0.433. 
	and Scaevoia may be used for prediction Statistical Correlations Between Rat of the concentrations of these nuclides in Tissues and Indicator Plants -Rats were coconuts growing at the same locations. the only mammals found on the Atoll. 
	Previous studies by Fall, Medina, and Jackson3 indicate that although the indige-nous rats of Enewetak are omnivorous, 
	L

	? 
	plant foods predominated in the diet. The
	1000
	I I I -a A dominant species Messerschmidia A Messenchmidia 
	5 
	a 

	u, 
	t?
	100 
	-a ( 100 c
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	u” Concentration in indicator plant -Concentration in soil -pCi/g, dry pCi/g, dry 
	Fig. 138. Statistical correlation between 
	Fig. 139. Statistical correlation between 90 137
	Sr in Messerschmidia and Cs in coconut meat and 137Cs 90 in Messerschmidia and Scaevola.
	Scaevola and Sr in soil. 
	Table 174. Statistical correlation between “Sr in coconut meat and “Sr in Table indicator slants. 
	-
	-
	Sample Correlation Level of Plant size coefficient significance ln Y = A f b 1” ?; Type (n) tr) (PI A 
	p 

	Messerschmidia 14 0.39 N. s. a -2.91 
	6.438 _X Scaevoia 14 0.5-I 0.05 -2.85 
	9.548 Mess Pooled 28 0.46 0.02 -2.89’ 0. 492b 
	Scae’ 
	POOll ‘Not significant. 
	-
	-
	An F-test for equality of the regression slopes gives F = 0.08, P = 0.779. c_4n F-test for equality of the regression intercepts gives F = 0. 09, P = 0.763. 
	b 


	transformed data yields the results shop,,
	and Scaevola constituted 6270 of the diet in Tables 176 and 177. Cesium-1X7 and 
	of the roof rat and 78% of the diet of the strontium-90 concentrations in rat muscle
	Polynesian rat. It is therefore reason-Tab II correlate significantly with those in 
	able to regard rats as model herbivores” Messerschmidia and Scaevola
	in which the concentrations of radionu-
	137 
	( cs, P< 0.001, “Sr, P< 0.01). Fur-
	elides in tissue could be expected to cor-‘-I ther analysis‘ yields results that justify
	relate with those in Messerschmidia and the conclusion that the individual regres-
	relate with those in Messerschmidia and the conclusion that the individual regres-
	Me.

	Scaevola. sion lines have equal slopes and equal 
	Scaevola. sion lines have equal slopes and equal 
	Sea

	Table 175 summarizes the transfer intercepts. The resultant pooled regres-
	Pot
	Pot
	coefficients of 137Cs and “Sr to rat muscle. The transfer coefficient is de-
	a 

	AJ fined as pCi/g wet tissue G pCi/g dry i? bA 
	-a 
	4
	vegetation. They were calculated from 
	\” I a I 
	the measured concentrations in rat muscle 
	6 

	A Messerschmidia 
	u, ‘O

	and in Messerschmidia and Scaevola 
	0 Scaevola
	growing at the same locations where the rats were captured. The water content of rat muscle was assumed to be 73% on Tat the basis of current experience and the 
	I-
	rat muscle vary widely. The values for Ca range from 0. 1 to 7, and those for “Sr range from 0.005 to 1. -ME 137 Concentmtion in indicator plant -
	literature4. The transfer coefficients to 
	i 

	SC; pCi/g, dry centrations in rat muscle as a function of PO 
	those in Messerschmidia and Scaevola are 
	those in Messerschmidia and Scaevola are 
	Variations of the Cs and “Sr con-

	Fig. 140. Statistical correlation between ;i-presented in Figs. 141 and 142. Linear 9% 
	P 
	“Sr in coconut meat and 
	b!

	n 
	regression analysis1 of the log-in Messerschmidia and e ‘is
	..-L 
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	ble 
	ble 
	ble 
	175. 
	Relationship 
	be:.:.-een 
	137Cj 
	and !JO 7 hr 
	concentrations 
	in rat 
	muscle 
	and 

	indicator 
	indicator 
	planIs. 

	TR
	Transfer 
	coefficient, 

	pCi; 
	pCi; 
	g \!‘et muscle 
	f 
	pCi/g 
	dry 
	\-egetation 

	Cesium-137 
	Cesium-137 
	Strontium-
	90 

	Plant 
	Plant 
	tvpe 
	30. 
	lIin 
	Median 
	Alas 
	X0. 
	Min 
	Median 
	Max 

	zsserschmldia 
	zsserschmldia 
	16 
	0.097 
	0.45 
	5. 68 
	13 
	0.0053 
	0.040 
	1. 28 

	,aevola 
	,aevola 
	1; 
	0.11 
	1.12 
	6.78 
	13 
	0.0048 
	0.059 
	1. 04 

	loled 
	loled 
	:3 3 
	0.097 
	0.73 
	6.78 
	26 
	0.0048 
	0.043 
	1.28 


	137 137
	‘able 176. Statistical correlation between Cs in rat muscle and Cs in Messerschmidia and Scaevola. 
	Sample Correlation Level of Plant size coefficient significance lnY=AfblnX type (n) (r) (P) A b 
	Iesserschmidia 16 0.86 ~-0.001 0.144 0.773 
	caevola 17 0.87 co. 001 0.284 0.801 
	‘ooled 33 0.86 \o. 001 0. 230b 0. 783a 
	An F-test for equality-of the regression slopes gives F = 0. 03, P = 0. 869. ‘-An F-test for equalit>-of regression intercepts gives F = 0.38, P = 0. 540. 
	able 177. Statistical correlation between “Sr in rat muscle and “Sr in Messerschmidia and Scaevola. 
	Sample Correlation Level of Plant size coefficient significance lnY=A+blnX type (n) (r) (PI A b 
	Iesserschmidia 
	Iesserschmidia 
	Iesserschmidia 
	13 
	0.76 
	co. 
	01 
	-2.10 
	0. 540 

	Zaevola 
	Zaevola 
	13 
	0.70 
	co. 
	01 
	-2.05 
	0.557 

	ooled 
	ooled 
	26 
	0.73 
	co. 
	001 
	-2. 
	07b 
	0. 546a 

	.%I F-test 
	.%I F-test 
	for 
	equality 
	of the regression 
	slopes 
	gives 
	F 
	= 0. 01, 
	P 
	= 0. 942. 

	An F-test 
	An F-test 
	for 
	equality 
	of the regression 
	intercepts 
	gives 
	F 
	•0. 03, 
	•

	P 
	•0. 856. 
	•
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	Fig. 141. Statistical correlation between 137Cs in rat muscle and 137Cs in Messerschmidia and Scaevola. 
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	Fig. 142. Statistical correlation between 
	gOSr in rat muscle and “Sr in 
	Messerschmidia and Scaevola. 
	sion lines thus can be used to predi(~t 
	137Cs and 9’ Sr concentrations in rat 
	muscle from those in ~'feSSerSchmidia or Scaevola. 
	Since 9’Sr can be expected to ~~,-,ncen_ trate in bone, transfer Coefficients of 90 
	Sr to rat bone were Calculated in the same manner. ‘I’he weight of bone ash was assumed to be 38% of wet weight5 The values, shown in Table 178, vary from 0. 2 to 4. Variation of the concen-trations in bone as a function of those in Messerschmidia and Scaevola are pre-sented in Fig. 143. Results of linear regression analysis are shown in Table 179. There is a highly significant correlation (PC 0. 001) between the loga-
	90
	rithms of the Sr concentrations in rat 
	bone and those in Messerschmidia and 
	Scaevola. Furthermore, the individual 
	regression lines for Messerschmidia and 
	Scaevola can be assumed td have equal 
	slopes and equal intercepts. Thus the 
	pooled regression line can be used to prc-
	diet go Sr concentrations in rat bone from 
	those in Messerschmidia or Scaevola. 
	Prediction of Radionuclide Concentra-
	tions in Foods 
	Coconut -. Coconuts were the most ex-tensively sampled of the edible plants; the 16 islands yielded a total of 23 samples of coconut meat. If the mean of the radio-nuclide concentrations in the samples frcm an island group were used to represent that island group, assessment of radio-nuclides in coconut would be as follows: Island group ALICE-IRENE would be based on three samples, JANET would be based on one sample, island group KATE-WILMA plus LEROY would be based o* 
	Table -
	Pl -Mess Scael Poolt 
	Tab1 
	Mes: Scae Pool 

	aAn bAn 
	aAn bAn 
	Fig. 1 
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	ya_ble 1; s. Relationship bet.:. ecn Sr concentrations tn rat bone and indicator plants. Transfer coefficient, pCi g l.vet bone G pCi/g dry vegetation 
	90 

	p1anr t?‘pe So. of samples IMin Median Max 
	13 0.20 0.79 2. 53
	\;1esserschmidia 13 0. -13 1.22 3. s2 
	jcaevold ‘5 0. ‘0 1.03 3.82
	13ooled 
	90
	Table 1 9. Statistical correlation between Sr in rat bone and 9’Sr in .\!esserschmidia and Scaevola. 
	Sample Correlation Level of Plant size coefficient significance lnY=A+blnX type (n) (r) (P) A b 
	1Messerschmidia 
	1Messerschmidia 
	1Messerschmidia 
	13 
	0. 94 
	co. 
	001 
	0.137 
	0.852 

	Scaevola 
	Scaevola 
	13 
	0.94 
	co. 
	001 
	0.331 
	0.919 

	Pooled 
	Pooled 
	26 
	0.93 
	,- 0 . 0 0 1 
	0. 256b 
	0. S72a 


	aAn F-test for equality of regression slopes gives F = 0. 23, P = 0.635. bAn F-test for equality of regression intercepts gives F = 1. 45, P = 0. 241. 
	r five samples (from four islands), and
	I I I 
	A Messerschmidia island group -ALVIN-KEITH would be based 0 Scaevolo 
	on 12 samples (from eight islands). The samples from any island group are rela-tively small in number, and they would certainly not relate to future harvests, particularl>-in the case of the northern islands where coconut groves will have to be reestablished. Prediction of 137CS and go Sr concentrations in coconut for all 
	island groups is therefore based on the 10 100 statistical correlations between coconuts Concentration in indicator piant -and soil. These take into account each of pC1/g , dry 
	22 coconut samples analyzed. Prediction of concentrations of the other radionuclih Fig. 143. in coconut is necessarily based on mean 
	Statistical correlation between 

	“Sr in rat bone and “Sr in 
	“Sr in rat bone and “Sr in 
	values of the concentration in the samples

	Messerschmidia and Scaevola. from the island group. 
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	137
	The concentrations oi Cs and ‘9Sr in coconut meat for each island group were predicted from the mean soil con-centrations, determined in the following manner: Each of the islands comprising the island group was assigned the median concentration for the O-15 cm profile as listed in Table 15 and 16 in the chapter on the terrestrial soil and radiation survey. If an island had two listed values (one for dense and one for sparse vegetation), as in the case of BELLE, DAISY, KATE, OLIVE, PEARL, and TILDA, it was a
	(-.
	timely high, 
	it leaos to predicted c‘o,lc,,,,,_ trations in coconut that are greater than those derived from the linear regression expression. For the relatively loW con_ centrations of 13’Cs and “Sr in soi1 
	t 
	concentrations in coconut wercx Predictrd from the linear regression expressions 
	(Tables 171 and li2). 
	The above procedure for predicting 137
	Cs and go Sr concentrations in coconu, meat can be summarized as follows: If Y = concentration (pCi/g) in dry coca_ nut meat and X = concentration (pCi/g) in dry soil, 
	137Cs3 
	(1) X< 4.7 pCi/g 
	PnY = 0.847 +0.62OPnX Y =2.33XoGG20 (2) X2 4.7 pCi/g Y = 1.3x 
	‘OS,: 
	(1) X< 4.3 pCi/g InY = -3.01 +0_482tiX Y =O.O49Xo’452 
	(2) X2 4. 3 pCi/g 
	(2) X2 4. 3 pCi/g 
	(2) X2 4. 3 pCi/g 
	Y =0.023X 
	. 

	These 
	These 
	relationships 
	are 
	shown 
	as the 

	solid 
	solid 
	lines 
	in Figs. 
	133 and 
	134. 


	Coconut Milk -In the absence of defini-
	tive data it is reasonable to expect that 137 
	Cs

	the distributions of and “Sr in meat and milk of coconut would be similar to those of their stable element counter-parts potassium and calcium. Thus, the amount of go Sr in land plants from Bikini 
	Atoll appeared to depend on the amount O1 
	calcium present4. Table 181 lists stable 
	potassium and stable calcium concentra’ tions in coconut and other edible and indi-cator plants. Table 181 indicates that for fresh coconut the potassium concen’ tration is somewhat greater in meats 
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	Table 
	Table 
	Table 
	180. 
	1lean 
	concentrations 
	of 
	"0 Sr 
	and 

	en-
	en-

	ian 
	ian 
	Concentration 
	in 
	top 
	15 
	cm, 

	<iOn 
	<iOn 
	pCi 
	! 9 

	ori-
	ori-
	(‘OSr 
	137 CS 


	Island group -ALICE-IRENE :ted 
	80 36
	1. ALICE 
	2s 
	7Y. BELLE (dense median) 48 
	23 

	6 5 26
	6 5 26
	3. CLAR_k 

	: 
	108 11
	4. DAISY (mean)
	4. DAISY (mean)
	onut 

	46 4.2 0. IRENE 30 3 .2 
	5. EDNA 
	:o-!) in Uean 75. 3 21.4 
	Island group BELLE 
	Island group BELLE 
	123 48
	2. BELLE (dense median) 

	320 
	Island group JANET 10. JANET 44 16 
	Island group KATE-WILMA t LEROY 
	11. KATE (mean) 43.5 13. 1 
	32 11
	12. LUCY
	1.482 13. PERCY 13 0.94 
	29 9. 0 
	15. NANCY 36 12 137 
	15. NANCY 36 12 137 
	14. MARY 

	16. OLIVE (9oSr dense median, Cs mean) 22 7.65 
	17. PEARL (mean) 28.2 12.4 defini-18. RrjBY 12 1.4 
	19. SAL,LY 8. -1 3.0 
	at 

	20. TILDX (mean) 10.2 4.2 nilar 21. URSULA 6.8 1.7 er-
	1 

	22. VERA 6.3 2.0 
	the 
	23. WILMA 3.3 1. 3 
	.kini 
	43. LEROY 11 3.2 
	nt of 
	Mean 19.3 6.00
	able .tra-
	Island group ALVIN-F;ElTH
	indi-at 33. DAVID, 35. ELMER, 37. FRED O.-l1 0.21 Zen-All others (14 islands) 0. 52 0. 14 
	Weighted mean 0.50 0.15 
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	Table 
	Table 
	Table 
	181. 
	Stable potassium indicator plants. 
	and stable 
	calcium 
	content 
	oi 
	.<eiected 
	edible 
	and 

	TR
	-

	Plant 
	Plant 
	type 
	Observation 
	Source 
	Concentration”, xg g dr\ I( Ca 
	Reference, -


	Breadfruit 
	Breadfruit 
	Breadfruit 
	Marshall 
	Is. 
	1951 
	0.85 
	19 

	Breadfruit 
	Breadfruit 
	Caroline 
	Is. 
	1951 
	0.70 
	19 

	Breadfruit 
	Breadfruit 
	Panama 
	1966-67 
	32 
	3-. 
	3-
	22 

	Breadfruit 
	Breadfruit 
	Colombia 
	1966-67 
	76 
	2. 1 
	22 

	Breadfruit 
	Breadfruit 
	Handbook 
	data 
	15 
	1. 1 
	6 

	Coconut 
	Coconut 
	meat 
	Bikini 
	I 1964 
	0.71 
	4 

	Coconut 
	Coconut 
	meat 
	Handbook 
	data 
	-, 1 4 
	0. 26 
	6 

	Coconut 
	Coconut 
	milk 
	Handbook 
	data 
	35’ 
	3.4c 
	6 

	Coconut 
	Coconut 
	meat 
	Enewetak 
	1972-73 
	7.5(23) b 
	0.24(10) 
	This 
	stud! 

	Pandanus 
	Pandanus 
	fruit 
	Rongelap 
	I 1958-63 
	6. l(23) 
	10 

	Pandanus 
	Pandanus 
	leaves 
	Rongelap 
	I 1958-63 
	13 
	(66) 
	10 

	Pandanus 
	Pandanus 
	fruit 
	Eniaetok 
	I, 
	Rongelap 
	1958-63 
	3.3(9) 
	10 

	Pandanus 
	Pandanus 
	leaves 
	Eniaetok 
	I, 
	Rongelap 
	1958-63 
	12 
	(12) 
	10 

	Pandanus 
	Pandanus 
	fruit 
	Kabelle 
	I, 
	Rongelap 
	1958-63 
	9. 2(6) 
	10 

	Pandanus 
	Pandanus 
	leaves 
	Kabelle 
	I, 
	Rongelap 
	1958-63 
	12 
	(8) 
	10 

	Pandanus 
	Pandanus 
	fruit 
	Bikini 
	I 1964 
	17 
	4 

	Pandanus 
	Pandanus 
	leaves 
	Bikini 
	I 1964 
	17 
	4 

	Pandanus 
	Pandanus 
	fruit 
	Enewetak 
	1972-73 
	16 (2Jb 
	4.4(l) 
	This 
	study 

	Pandanus 
	Pandanus 
	leaves 
	Enewetak 
	1972-73 
	ll(9Jb 
	12.6(9) 
	This 
	study 

	Tacca 
	Tacca 
	whole 
	corm 
	Rongelap 
	1958-6 
	Id 
	6.8(3) 
	6. O(6) 
	10 

	Tacca 
	Tacca 
	peeled 

	corm 
	corm 
	Rongelap 
	1958-6 
	ld 
	-I. ?(3) 
	1. l(3) 
	10 

	Tacca 
	Tacca 
	peels 
	Rongelap 
	1958-6 ld 
	19 
	(3) 
	5.4(3) 
	10 

	Tacca 
	Tacca 
	processed 
	Rongelap 
	1958-6 ld 
	0.140) 
	0.4 l(2) 
	10 

	Tacca 
	Tacca 
	whole 
	corm 
	Bikini 
	1964 
	5.0 
	4 

	Tacca 
	Tacca 
	whole 
	corm 
	Enewetak 
	1972-73 
	8. O(Ub 
	9.8(l) 
	This 
	study 

	Cassava 
	Cassava 
	root 
	Panama 
	1966-67 
	11 
	1. 5 
	22 

	Cassava 
	Cassava 
	root 
	Colombia 
	1966-67 
	12 
	1.0 
	22 

	Tapioca 
	Tapioca 
	Handbook 
	data 
	0. 18 
	0. 10 
	6 


	aThe number shown within parentheses is the number of samples. bThe stable K was estimated from the concentrations of ‘The concentrations of stable K and stable Ca in fresh coconut meat are 2:56 mg/g and 
	concentrati.on 
	4oK 

	0. 13 mg/g, respectively. In fresh coconut milk they are 1.47 mg/g and 0.20 mg/g, respectively. 6 
	dThe tacca samples from Rongelap Atoll were collected from the islands of RongeIaF, Eniaetok, and Kabelle. 
	-564~ 
	Figure
	Pandanus Fruit -Although pandanus was found on 10 islands, samples of fruit could only be obtained from BELLE and KEITH. These fruit samples seem to 
	137
	display soil uptake patterns for Cs and 
	Sr that are similar to those displayed by the leaves. Figure 144 shows the varia-tion of the 137 Cs concentrations in fruit and leaves as a function of that in soil, and Fig. 145 shows comparable data for ‘OS,. Fruit and leaves of pandanus seem to display similar soil uptake patterns 
	for 137Cs and go Sr, and the concentration factors of fruit are within the range of the concentration factors of leaves (see 
	Table 170). 
	As Table 182 indicates, data on radio-nuclide content in fruit or leaves of pan-danus from previous radiological survevs 
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	Fig. 144. Correlation of 137 
	Cs in edible plants with 137 
	Cs in soil. 
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	90
	Fig. 145. Correlation of Sr in edible* 90
	plants with Sr in soil. 
	of Bikini and Enewetak were limited to 4,7-g
	just a few samples . It was our good fortune to be provided with unpublished data on the radionuclide content in fruit and leaves of pandanus sampled during radiological surveys conducted by the University of Washington on Rongelap Atolllo. Table 183 summarizes the available data on concentrations of 1% and go Sr in fruit and leaves of pandanus from the same site on Rongelap and 
	10 

	4
	elsewhere . The two sets of pandanus fruit and leaves from the current survey are included in the table. 
	Inspection of Table 183 leads to the 
	‘. 
	. -. 

	m I I I I 
	0” 
	_ ,
	bib 
	I __ ,.._ _ ___._..~ 
	Table 182. Average radionuclide content of pandanus and tacca collected on previous surveys at Bikini and Enewetak. 
	Table
	TR
	Concentration, 
	pCi/_g 
	wet 

	Pandanus 
	Pandanus 
	Tacca 
	Refcrcnc,cL 

	Fruit 
	Fruit 
	Leaves 
	Corm 
	l’rocessed 
	arrowroot” 

	Year 
	Year 
	Nuclide 
	Bikini 
	Enewetak 
	Bikini 
	Enew 
	etak 
	Bikini Enewetak 
	13ikini 
	Enewetak 

	1964 
	1964 
	6oco 
	0. 
	12” 
	‘I 

	TR
	goSI-
	32a* 
	c 
	24aB 
	’ 
	. 
	0. 068 
	4 

	TR
	“Sr 
	9300 
	SUd 
	7200 
	SUd 
	6900 
	SUd 
	4,8 

	TR
	lo6Ru 
	1. 8a 
	4 

	TR
	137cs 
	3. la 
	180b 
	5oa 
	4 


	1967 g”Sr 19 (4-45) .. 0. 17 9 
	137cs 52 il4-90) CJ2 (15-170) !J 
	1969 9’Sr 28a L. 4” 0. 4b 7 130(26-400)a 87b 0. 6 (0. 4-l. lja Or b 7 
	137cs 

	ZBikini Island. *Enyu Island. :Water content of pandanus and tacca corm is assumed to be 80%. 1 SU (strontium unit) is equal to 1 pCi gOSr/g Ca. ePrepared accordl;ng to the Marshallese method of preparation by grinding, rinsing three times with salt water and once with fresh water. 
	Table 
	Table 
	Table 
	183. 
	“Sr 
	and 
	I37 Cs 
	in 
	fruit 
	and 
	leaves 
	of 
	pandanus. 

	TR
	Concentration, 
	pCi/g 
	dry 

	TR
	goSr 
	137Cs 


	Date 
	Date 
	Date 
	Location 

	Aug. 
	Aug. 
	1958 
	Rongelap Atoll Eniaetok Kabelle 
	6.0 6. 0 
	25 34 
	230 309 
	78 346 
	10 10 
	j 

	Sept. 
	Sept. 
	1959 
	Rongelap Atol Rongelap Rongelap Eniaetok 
	12.0 7.1 
	14 19 
	160 152 360 
	100 48 82 
	10 10 10 
	i # 

	TR
	Eniaetok Kieshiechi 
	9. 0 30.0 
	38 92 
	226 422 
	105 97 
	10 10 
	f 

	TR
	Mellu 
	7.1 
	29 
	298 
	50 
	10 

	TR
	Gejen Aerik 
	30.0 21.0 
	54 65 
	991 620 
	111 496 
	10 10 

	TR
	Tufa 
	5.8 
	11 
	126 
	42 
	10 

	Aug. 
	Aug. 
	1963 
	Rongelap Atoll Rongelap Rongelap Rongelap Eniaetok 
	6.6 15.0 
	11 45 
	170 44 140 260 
	58 21a 62a 67 
	10 10 10 10 

	TR
	Kabelle 
	220 
	170 
	10 

	Aug. 
	Aug. 
	1964 
	Bikini Atoll Bikini 
	160.0 
	120 
	4 

	Oct. Feb. 
	Oct. Feb. 
	1972-1973 
	Enewetak Atoll Bogombogo (BELLE) Giriinian (KEITH) 
	206.0 
	391 
	923 0.86 
	679 0. 57 
	This This 
	study study 

	aMean 
	aMean 
	of 
	concentrations 
	in terminal 
	and 
	basal 
	leaves. 
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	-
	teference 
	10 10 
	IO 10 10 10 10 IO 10 10 10 
	10 10 10 10 10 
	4 
	‘his study 
	‘his study 
	137(..
	,,nclusion that the concentration oi ,,, pandanus fruit can be espected to es-cc& that in leaves, \:,hile the concentra-
	90 
	tion of Sr in pandanus leaves can be ,xpecteti to exceed that in fruit. Thus, if a quantitative relationship can be estab-lished between the concentrations in fruit and leaves, it would be possible to pre-dict future concentrations of radionuclides in pandanus fruit using the data obtained from pandanus leaves. 
	The i\.ilcosen matched-pairs, signed-
	11
	ranks test was used to determine the appropriate conversion factors to be used with the “Sr and 137Cs concentrations in pandanus leaves to determine those in fruit. In this nonparametric test, signed differ-ences between concentrations in fruit and leaves are determined, and the differences are ranked according to absolute value. The ranks of like sign are then summed, and the lower sum of the like-signed ranks is compared with an appropriate critical 
	value from a special table. If the ob-
	served sum is equal to or less than this 
	critical value for a particular significance 
	level, the null hypothesis may be rejected 
	at that level of significance. 
	Tables 184 and 185 show the results of Wilcoxen test carried out on the matched 137
	pairs of Cs and 9o Sr concentrations listed in Table 183. A series of values was tested to determine the appropriate conversion factors for the two nuclides. Table 184 indicates that if the concentra-tions of 137 Cs measured in pandanus leaves were increased by any factor from 2 to 3. 5, the resulting concentrations would be statistically indistinguishable from those in fruit. A conversion factor of 2. 5, which gives essentially equal sums 
	01’ nlinus and plus ranks has been adopted 137
	In this evaluation; i. e., the 
	Cs concen-tration in pandanus fruit is assumed to be 2. 3 times that in pandanus leaves. 1.n the case of 90Sr, Table 185 indicates that if the concentrations measured in pandanus fruit were increased by any factor between 2 and 3, the resulting concentrations tvould be statistically indistinguishable from those in leaves. A conversion factor of 2. 5, which gives essentially equal sums of minus and plus ranks, has been selected. Thus the concentration of Sr in pandanus fruit is assumed to be 4070 of that in 
	90 

	1. 0 for ‘OS,. The relationship used for predicting concentrations in pandanus leaves from those in soil are represented as solid curves on the graphs showing Messerschmidia and Scaevola vs soil (Figs. 137 and 138). 
	137
	The concentrations of Cs and 9oSr in pandanus fruit were subsequently pre-
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	137
	Table 184. Relationship between Cs concentrations in fruit and leaves of pandanus_ -
	Wilcoxen matched-pairs, signed-ranks test (Ref. 11 Ia •pCi/g dry fruit Y = pCi/g dry leaves 
	X 
	•

	Samples Sum of Sum of Conclusion about tested minus ranks plus ranks null hypothesis (Ho) 
	( I-> (1) X-Y 3 168 Reject Ho, P < 0. 005; X > y x-1.5Y 40 131 Reject Ho, P = 0.025; X > 1.5 y x-2Y 64 107 Not rejected; X = 2 Y X -2.5Y 86 85 Not rejected; X = 2. 5 Y x-3Y 97 56 Not rejected; X = 3 Y x -3.5Y 127 44 Not rejected; X = 3. 5 Y x-4Y 139 32 Reject Ho, P< 0.01; x< 4y 
	+ 

	aThis table summarizes the results from the Wilcoxen test using the 18 pairs of data listed in Table 183. 
	90
	Table 185. Relationship between Sr concentrations in fruit and leaves of pandanus. 
	Wilcoxen matched-pairs, signed-ranks test (Ref. 1 l)a X = pCi/g dry fruit Y = pCi/g dry leaves 
	Samples Sum of Sum of Conclusion about tested minus ranks plus ranks null hypothesis (Ho) 
	( C-J 0) Y-X 11 94 Reject Ho, P < 0.005; Y > x Y-1.5x 17 88 Reject Ho, P< 0.025; Y> 1.5x Y-2X 36 69 Not rejected; Y = 2X Y -2.5X 53 52 Not rejected; Y = 2. 5 X Y-3X 60 31 Not rejected; Y = 3 X Y -3.5x 89 17 Reject Ho, P < 0.025; Y < 3.5X 
	+ 

	aThis table summarizes the results from the Wilcoxen test using the 14 pairs of data listed in Table 183. 
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	dieted irom those tn Iea;es -sing respec-tive con\.ersion factors 31‘ 2. 3 and 0. -I. The overall procedure for predicting con-centratlons in pandanus irulr r‘rom those in soil can be summarized as <allows: If y = concentration (pCi g) in dry pandanus fruit and 1 = concentration (pci’g) in dry 
	soil, 
	137Cs: 
	(1) MC 1.30 pCi!E; I-= 13 5sO.851 
	en \I .- 2.60 iO.851 InZ . 
	(2) X2 1.30 pCi’g I‘= 13s 
	9OSr: 
	(1) Xc 6.1 pCi/g 
	(1) Xc 6.1 pCi/g 
	0.8%

	in y = -0.617 +O.E%1n_\; 1’ = 0.539X (2) X26.1 pCi/g I‘= 0.4X 
	Tacca (Arrowroot) -Figure 144 shows 137
	graphically the distribution of Cs in edible plants as a function of that in soil. Although only one sample of tacca corm was collected in the current survey, it seems to fall naturally within the overall distribution. The concentration factor of 
	137
	Cs 

	in this sa_mple is 16, which is about a factor of three greater than the median concentration factor in pandanus .eaves and ten times greater than the 
	median in coconut (see Table 170). This sample of tacca also seems to be similar to the other edible plants as far as uptake of 9OSr from soil is concerned (see Fig. l-15). The concentration factor of 
	Sr is 0. 21, a value intermediate be-tween 0.023, the median concentration factor in coconut meat, and 1. 0, the median concentration factor in pandanus leaves (see Table 170). Data on tacca collected in previous radiological surveys 
	of Bikini 2nd l<ne\vetak are jho\\.n in 7 -!’
	Table 182 and are relatively few4’ 90s,
	Although the data suggest that the concentration in pandanus fruit would es-teed that in tacca corm by more than an 
	137Cs
	order of magnitude and that the concentrations in the two plant types would be comparable, it cannot be asccr-tained that the two plant types were sampled at the same sites. If comparison of the 1967 data on tacca corm from Bikini and the 1969 data on processed arrowroot from Bikini is valid, it can be 
	137
	concluded that most of the Cs content of tacca is lost during processing. Table 186 shows unpublished data on 137
	the concentrations of Cs in tacca and pandanus leaves from the same sites on Rongelap Atoll”. The concentrations are greater in pandanus leaves, but t.hey do not exceed those in tacca corm by more than a factor of two. Comparable data on 
	90 90
	Sr in Table 187 indicate that the Sr concentration in pandanus leaves can be expected to exceed that in tacca corm by a substantial amount. The concentrations in pandanus fruit and tacca would be more comparable; perhaps the concentration in tacca would be somewhat less. If we assume that the stable K concentration provides a measure of the relative uptake of 137 Cs, the stable K data of Table 181 
	137 
	Cs

	suggest that the uptake of into tacca 
	from soil would not exceed that to pandanus leaves, Messerschmidia, Scaevola, or coconut. Accordingly, on the basis of the stable K data and the Rongelap data, we have assumed that pandanus leaves serve as direct indicators for the uptake of 137 Cs to tacca corms, and that the 
	137 
	Cs in tacca can be predicted from that 
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	Cs

	Table 186. Comparison of in tacca and pandanus from the same sites. a 
	A 
	Concentration, pCi/g dry 
	3
	3
	i 

	Location Date Tacca corms Pandanus leaves 
	Rongelap I Pit I Mar. 1958 47 110 
	Eniaetok I Pit 11 Mar. 1958 140 203 Kabelle I Pit 7 Mar. 1958 182 270 
	aThese unpublished data from University of Washington radiological survey at Rongelap were provided by Drs. A. H. Seymour and E. E. Held”. 
	in soil using the plant-vs-soil correlation 137Cs and “Sr in dry processed arrowroot starch.
	final concentrations of 

	derived for pooled Messerschmidia, Scaevola, and pandanus leaves (Table 171 B). the concentrations of 137C~ and 8’Sr in
	The overall procedure for predicting 

	Similarly, if the stable calcium content is arrowroot starch from those in soil can
	a measure of the potential “Sr uptake, be summarized as follows: If Y = con-
	one may conclude that the uptake of “Sr centration (pCi/g) in dry arrowroot
	to tacca corm and pandanus fruit would be comparable and exceed that to coconut. On the basis of the stable calcium data dry soil, and the Rongelap data, we have predicted 
	starch and X = concentration (pCi/g) in 


	137cs:
	137cs:
	the go Sr concentrations in tacca corm (1)X< 1.3 pCi/g
	from those in soil, assuming that concen-
	from those in soil, assuming that concen-
	Qn Y = -2.22 +0.851= Y = O.1O8Xo’851

	tration in tacca and pandanus fruit would 
	tration in tacca and pandanus fruit would 
	(2) X 2 1. 3 pCi/g Y = 0.10x

	be the same. Unpublished data on tacca from the University of Washington radiological sur-‘OS,: 10 
	veys on Rongelap have also provided us (1)X< 6.1 pCi/g with information on expected reductions Qn Y = -3.61 +0.836 QnX Y = O.O27Xo-836 in the 137Cs and go Sr dry-weight concen-(2)X26.1 pCi/g Y = 0.020x trations from the processing of tacca into 
	137
	arrowroot starch. The Cs concentra-Breadfruit -Breadfruit was not ob-tion would be reduced by a factor of 50 or tainable on this survey. The data of greater, and the “Sr concentration would Table 181 indicate that stable potassium be reduced by.a factor of 20 or greater. concentration in breadfruit is relatively Stable potassium and stable calcium ex-high, greater than that in coconut or tacca perience similar reductions (see Table 181). and comparable to or even greater than On this basis the concentration
	-572-
	c) r--7 . . . CD c rr 0 3 L-Q 
	-573-
	centration in breadfruit is relatively low; lower concentrations are listed only for coconut. In the absence of additional data, we have assumed that uptake of 
	Cs and go Sr will be proportional to 
	. 
	the concentrations of stable potassium 
	and stable calcium. Therefore, for pre-137
	dicting Cs and go Sr concentrations in breadfruit, we have assumed that bread-fruit and pandanus fruit will experience the same uptake from soil and have simply adopted the same procedure described 
	137
	previously for predicting Cs and “Sr 
	concentrations in pandanus fruit from 
	those in soil. 
	Birds -Birds were captured in num-bers on 18 islands distributed over all sections of the Atoll. The mean of the radionuclide concentrations in the samples from each island group were used to rep-resent the island group. Since both muscle and liver are consumed as food, radio-nuclide concentrations in both muscle and liver are presented in Table 167. The average concentration in edible bird flesh 
	was computed from these data, assuming 
	that the weight of muscle consumed is 
	six times that of liver, a relationship de-
	rived from laboratory records. 
	Bird Eggs -Common noddy or sooty tern eggs were collected on eight islands distributed more or less throughout the Atoll. The mean of the concentrations in the samples from each island group (see Table 168) was used to represent the group. 
	Coconut Crabs -Coconut crabs were captured on only five of the southern 
	islands. The means oi the concentrat,,l!l, in the four samples from BRUCE, c;I_I.:~~ JAMES, and KEITH were used to rei,rc,s,~,; the southern island group (Group B, AL\-IN-KEITH), and the concentrations in the samples from LEROY was used to r~l,_ resent island group KATE-WILMA and LEROY. Since coconut crabs could not be captured elsewhere on the Atoll, wp conclude that only the southern islands would yield coconut crabs in numbers suf_ ficient to contribute substantially to the diet. Both muscle and hepatopa
	are 
	are 
	are 
	consumed 
	as 
	food. 
	Laboratory 
	re-

	cords 
	cords 
	indicate 
	that the dry 
	weights 
	of 

	hepatopancreas 
	hepatopancreas 
	(and 
	associated 
	tissues) 


	and muscle are about the same. The con-centrations of radionuclides in coconut crab were therefore computed from the concentrations listed in Table 169, assum-
	ing equal contributions from hepatopan-
	cress and muscle. 
	Livestock and Poultry -Although 137 
	Cs 

	is the radionuclide that would be most effectively transferred to man via meat and poultry, this pathway would still 
	90
	contribute significant quantities of Sr to the diet. Prediction of 137C~ and “Sr concentrations in pork and chicken has 
	been based on data obtained from rats. 
	Table 188 summarizes data on the trans-
	fer coefficient of Cs in muscle of 
	137 

	herbivores that provide meat for human 
	consumption, calculated from environ-
	12
	mental data reported for cattle , sheep, 13
	and deer . The transfer coefficient is defined as pCi/g wet tissue f pCi/g dry feed. Included in Table 188 are the trans-fer coefficients for rock ptarmigan and 
	14
	willow grouse , two herbivorous game 
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	birds. Table 189 summarizes transfer 
	i37
	coefficients of Cs in rat organs calcu-lated from data on rats and indicator plants reported for previous studies on Enewetak and Bikini by the University of Washington4 and Bowling Green Univer-
	15
	sity . It was assumed that the rats and plants were collected at the same loca-tions. Except for the transfer coefficient of 1.39 reported for Japtan, the concen-tration factors listed in Table 189 for rats fell within the range of those listed 
	in Table 
	in Table 
	in Table 
	188 for 
	cattle, 
	sheep, 
	deer, 
	and 

	game 
	game 
	birds. 

	Tracer 
	Tracer 
	experiments 
	have 
	demonstrated 


	a similar pattern of deposition of radio-
	cesium in muscle of livestock and poultry. 16
	Hood and Comar noted that the relative 137
	concentrations of Cs in various tissues of farm animals 7 days after a single oral dose were quite similar. When normal-ized to a common body weight, the rela-tive concentrations in muscle of cow, sheep, pig, and hen were 30, 41, 23, and 24, respectively. Although equilibrium between intake and accumulation in organs requires a period of time that varies with species, the equilibrium content in organs following chronic feeding differs very little. The equilibrium content of 137cs in muscles of rat, rabbits,
	17
	the daily dose . 
	The basic parameters that influence the transfer of radionuclides from vege-tation to muscle of herbivores can be conveniently described in terms of a simple model. The radionuclide concen-tration in muscle can be described by the equation: 
	fBI 
	-XBt 
	Q(t) = i----(l-e ), 
	(1)
	nE 
	where 
	where 
	where 

	Q(t) 
	Q(t) 
	= 
	quantity 
	of 
	radionuclide 
	in 

	TR
	muscle 
	at time 
	t, 
	day, 

	fB 
	fB 
	= 
	fraction 
	of 
	ingested 
	nuclide 

	TR
	::: 
	deposited 
	in muscle, 

	I 
	I 
	quantity 
	of radionuclide 
	ingested 

	TR
	daily, 
	pCi/day, 
	and 

	XE 
	XE 
	•
	•

	effective 
	elimination 
	constant, 

	TR
	day-‘. 


	The quantity of radionuclide in muscle at 
	equilibrium Q is: eq 
	(2) 
	since 
	::: and I.-:: _ JC:::Q P, (3a, 3b)
	=mC 

	eq B 
	where 
	m = mass of muscle, g,::: = concentration of radionuclide in
	cB muscle, pCi/g, 
	J = quantity of vegetation ingested 
	daily, pCi/day, and ::: = concentration of radionuclide
	cP 
	in vegetation, pCi/g. ::: One can substitute for Q and I and ‘>b-eqtain the following expression for the 
	transfer coefficient -:: T= 
	LB_Jlg 
	(4)
	r-mXEs P Table 190 presents muscle weight and daily intake of dry feed in livestock and rats. Table 191 presents effective half-137
	Cs in

	lives or accumulation factors of muscle. The accumulation factor is obtained from chronic-administration 
	experiments and is the ratio of the quantity of radionuclide in an organ to the daily 
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	137
	Table 189. Transfer coefficients of Cs in rat organsa. 
	Transfer Refer-
	Date Location Rat species Organ Plant species coefficient ence 
	1964 Enewetak Atoll 
	Engebi (JANET) Roof rat Muscle Messerschmidia 0.28 15 and Scaevola 
	Engebi (JANET) Roof rat All All 0.12 4 
	N. Runit (YVONNE) Roof rat Muscle Messerschmldia 0.58’ 15 and Scaevola 
	Japtan (DAVID) Polynesian 
	Japtan (DAVID) Polynesian 
	b

	rat _Ul All 1. 39 4 
	Bikini Atoll 
	Enyu (NAN) Polynesian rat All All 0. 32 4 
	Bikini (HOW) Roof and Polynesian rat All All 0. 29 4 
	1965 Enewetak Atoll 
	Engebi (JANET) Roof rat Muscle Messerschmidia 0.11 15 and Scaevola 
	Riijiri (TILDA) Polynesian rat Muscle Messerschmidia 0. 46c 15 and Scaevola 
	Runit (YVONNE) Roof rat All All 0.26 4 
	aTransfer coefficient = pCi/g wet tissue f pCi/g dry forage. bBoth tissue and plants were low in 137Cs content. ‘Messerschmidia and Scaevola differed widely in ’ 37 Cs content. 
	combined according to Eq. (4). The fB
	dose. From Eq. (1) the accumulation to muscle has been set equal to 0. 5 for
	factor is <: the calculation. Table 191 includes whole-
	AF = Q,,/I =fB/X,-
	AF = Q,,/I =fB/X,-
	body values for half-life and accumulation 
	factor.
	The effective half-life TE is related for the whole body to represent muscle,.
	In using the exponential retention 

	to the elimination rate XE through the we are following accepted practice.
	relationship XE = In 2/TE. Half-lives The transfer coefficients calculated
	were generally obtained from experiments for Table 191 are seen to exceed those of
	involving single administration of 137cs. Table 188. This difference is explainable
	Table 191 also lists the resultant by the difference in character of the two
	transfer coefficient to muscle when the sets of data. Table 188 is representative
	data listed in Tables 190 and 191 are 
	-
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	Table 190. Muscle weight anti daily intake of dry leed in livestock and rats. as5 
	-

	the
	Daily intake of Ratio of daily intake Muscle weight dry feed to muscle wei ht hio Animal (t-n), kg (.J), kg/day !J,,‘m), day References 
	-F 

	ifl t 
	. 
	othi Rata 0.12 0.017-o. 025a 0.18 5, 25 
	exP Beef cattle 180 8-15 0.064 26, 27 
	log: 
	Dairy cattle 160 10-20 0.094 26, 27 
	Dairy cattle 160 10-20 0.094 26, 27 
	isti 

	Sheep 24 1.2-2 0.067 26, 27 
	Sheep 24 1.2-2 0.067 26, 27 
	tra: 

	Swine 85 3.1-4 0. 042 26, 27 
	are 

	Chickenb 0.7 0.08 0.11 28 
	Chickenb 0.7 0.08 0.11 28 
	that 

	and 137 
	aThe entries for rat assume a total body weight of 260 g. The 25-g/day daily intake is based upon the personal experiences of A. J. Silva in the Bio-Medical Division stuc laboratories at LLL. 
	sch
	bThe entries for chicken assume that about 50% of the total body weight is muscle and that feeding practice is as described in Ref. 28, 
	san-
	effi 
	gre. 
	137 Tat
	Table 191. Half-lives and accumulation factors of Cs in muscle of livestock and rats. The 
	leac
	Accumulation Transfer Half-life factor coefficient toe ($, C:;, Animal (TE), day (AF), day Reference gre 
	mu: 
	Rat 13 1.7 29 
	8. 6a 1.1 30 Tab 
	8.ga 1.8 25 grol 
	16 2.9 17 for , 
	On Dairy cattle 17a 1.2 31 talc 15aab 1.0 31 
	is a 
	Sheep 12aJb 0. 58 31 
	abol 
	17a 0.82 32 
	Sur 
	diet
	Swine 2gaab 0.88 31 
	tion
	23’ 0.70 33 
	thar
	16 0.67 17 
	was Hen 27a 2.1 33 per, 137, 
	aWhole-body value. 
	havl 
	bIsotope administered intravenously. cSlow component. 
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	Of field data. Since :lot ;il of the _ associated \x:ith ~Tcretatlon 15 absorbed in the gastrointcstinai tract, fractional biological-availa’bll1tv <actors are implicit in the data. The data oi Table 191, on the other hand, were derix:ed from tracer experiments; in these situations the bio-logical availabilit:-of “7Cs is character-
	istically near 100”‘. In Table 191 the 
	transfer coefficients of 137Cs to muscle 
	are t\vo to three ti.mes greater in rats 
	than irl swine. Table li5 Lists the median 
	and range of the transfer coefficients of 
	137
	Cs 

	in rat muscle calculated for this study, using data from rats and Rlesser-schmidia and Scaevola sampled at the same locations. The median transfer co-efficient exceeds by a factor of two or greater the transfer coefficients listed in 
	Table 188 for cattle, sheep, and deer. 
	The considerations enumerated above 
	lead to the conclusion that the transfer 
	137
	coefficient of Cs to pork is half as 
	great as the transfer coefficient to rat 
	muscle. 
	137
	The transfer coefficients of Cs in 
	Table 188 for rock ptarmigan and willow 
	grouse muscle are comparable to those 
	for muscle of cattle, sheep, and deer. 
	On the other hand, the transfer coefficient 
	calculated for poultry muscle in Table 191 
	is about equal to that for rat muscle and 
	about two times that for cattle and swine. 
	Surveillance data on 137Cs in the Chicago 
	diet” indicate that the 137Cs concentra-
	tions in poultry \‘:ere substantially less 
	than those in meat when the fallout rate 
	was relatively high. During the recent 
	periods of relatively low fallout rate, 
	Cs concentrations in poultry and meat 
	have been more or less comparable (see 
	have been more or less comparable (see 
	Table 1!!3). It must be remembered, hoi:-ever, that poultr,\-raised for corn-merce do not forage but are kept under

	L_ shelter and given stored feed. IVe have assumed for present purposes that the 137
	transfer coefficients of Cs to rat muscle and poultry muscle are equal. Strontium accumulates in bone rather than in soft tissues. In repeated oral 00
	administration of Sr the accumulation 90
	patterns of Sr in skeleton of rats and 
	s\\‘ine were similar, with accumulation 
	factors intermediate between those ot 
	17
	calves and dogs and those of ewes . The maximum accumulation factor varied from 7. 2 to 17. 5 in the skeleton of rats and from 10. 7 to 17. 5 in that of pigs . In the establishment of the equilibrium state between intake and elimination in young rats during chronic feeding, the 9’Sr content in the skeleton was 200 times and the concentration 2000 times greater than in muscle. In old animals these relationships were 99 and 665,re-spectively, and in rats on high calcium 
	17 

	17
	diets, 55 and 333 . In pigs the concen-
	tration in skeleton was 140 times greater 17
	than in muscle In the present study 9b
	the ratio of the Sr concentration in rat bone (pCi/g wet) and that in rat muscle (pCi/g wet) varied from 3. 0 to 150, with a median value of 41 (n = 11). 
	The quotient of the daily intake of feed and the mass of bone in rat could be ex-pected to exceed that in swine in much the same way that the quotient of the daily in-take of feed and the mass of muscle in rat exceeds that in swine (see Table 190). If the accumulation factors to bone in rat and swine are as Ref. 17 indicates, then 
	b.y Eq. (4) the transfer coefficient from 
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	137
	Table 192. Cs in poultry 
	Date 
	January 
	January 
	January 
	1970 

	April 
	April 

	October 
	October 

	January 
	January 
	197 1 

	April 
	April 

	July 
	July 

	October 
	October 

	January 
	January 
	1972 

	April 
	April 

	<July 
	<July 

	October 
	October 


	April 1973 
	aThe data in this table were 
	indicator plant to bone for go Sr would be greater in rats than in pigs by about a factor of four. On the other hand, the data of Ref. 17 also indicate that for the same go Sr concentration in bone, the 
	90
	Sr concentration in muscle of pigs could be expected to exceed that in muscle of rats by about the same factor. These relationships thus provide a basis for using the Sr concentrations in rat muscle as a direct indicator for that in pork, and in the absence of data on the behavior of go Sr in poultry, as a direct indicator for meat from chicken. 
	90 

	Comparison of Figs. 142 and 143 and Tables 177 and 179 reveals that the cor-relation between the Sr concentrations in rat bone and indicator plants is stronger than the correlation between rat muscle and indicator plants. Thus the bone ver-
	Comparison of Figs. 142 and 143 and Tables 177 and 179 reveals that the cor-relation between the Sr concentrations in rat bone and indicator plants is stronger than the correlation between rat muscle and indicator plants. Thus the bone ver-
	90

	tration
	and meat from Chlcago. a 
	137Cs 

	schmid 
	Concentration, pCi/ kg Poultry LIeat predict carrel; 11 28 
	Tables 
	5 12 
	and 13: 
	0 14 
	Messe! 
	0 24 
	in soil. 
	8 25 
	soil fol 
	6 33 
	in Tabl 
	10 19 
	tions tl 
	10 12 
	and poi 
	13 18 
	arbitr: 22 20 
	much I 9 19 
	The 4 10 
	137cs those i 
	abstracted from Ref. 18. follow: fresh I tion tp 
	137cs: sus plant correlation, together with the (1)X< 1 bone-to-muscle concentration ratio, In Y 90
	could be used to predict Sr concentra-
	(2) 1.3 tion in rat muscle from that in Messer-Pn L‘ schmidia or Scaevola. It was not possible (3) x=2 to follow such an approach and develop a “Sr:
	simple, straightforward scheme for 90 (1) xc (
	predicting Sr in rat muscle and obtain In I
	results consistent with the observed con-(216.1
	centrations in muscle. 137 Pn I
	Cs 

	The concentrations of and “Sr (3)X>
	in rat muscle were both predicted from those in Messerschmidia and Scaevola. 
	As: 
	The median transfer coefficients, which 
	GE are listed in Table 175, were used with the higher concentrations in the indicator -ME plants, and the statistical correlations nuclic between’rat muscle and pooled Messer-was c Wedi,
	schmidia and Scaevola (see Tables 176 and 177) were used with the lower concen-
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	:.ations in the Indicator plants. The !) 0 
	and 

	:iics 
	Sr concentrations in Messer-chmidia and Scaevola initially were redictcti I’ron; :hose in soil using the orrelations in Tables 171A and 172-4 or ‘ables 171B and 172B (also see Figs. 157 nd 138) betlveen the concentrations in ,lesserschmidia and Scaevola and those n soil. The mean concentrations in :oil for the islands of interest are lister; n Table 180. To simplify the calcula-ions the average concentrations in meat .nd poultry :vere computed assuming rbitrarily that pork contributes twice as nuch meat to 
	The overall procedure for predicting 37
	Cs and 9’ Sr in meat and poultry from hose in soil can be summarized as ‘allow s : If Y = concentration (pCi/g) in ‘resh meat and poultry and X = concentra-ion (pCi/g) in dry soil, 137
	cs: ‘1)X< 1.3 pCi/g Qn Y = 1.15 +0.666Qn X Y = 3.15xo-666 (2) 1.3 pCi/g 5 X< 2.4 pCi/g Y = 3.05X0.783
	Qn Y = 1.12 +0.783 QnX 
	(3) X22.4 pCi ‘g Y = 2.53X 
	“Sr: 
	1)X< 6.1 pCi;‘g 
	Qn Y = -1.91 ~0.456 Qn X Y = O.148Xo*456 12)6.1 pCi/g 5X< 10.7 pCi/g 
	y = 0 126X0-
	Qn Y = -2.07 +0.546 Pn X . (3)X> 10.7 pCi/g Y = 0.043x 
	Assessment of the Dosage from Terres-trial Foods 
	Methodology -The quantity of radio-nuclides ingested via terrestrial foods was computed from the measured and predicted concentrations according 
	Methodology -The quantity of radio-nuclides ingested via terrestrial foods was computed from the measured and predicted concentrations according 
	to the expected daily cjiets listed in Table 139 of the chapter on dietary and living patterns. Except for coconut and arro\vroot, the daily intake of the food 

	items listed in this table reiers to the grams per day of fresh food. The gram-
	per-day intakes listed for coconut and 
	arrowroot refer to the dry-weight intake 
	of coconut meat (copra) and processed 
	arrowroot starch. Water content of food 
	items used to compute fresh-weight con-
	centrations from dry-weight concentra-
	tions were determined from laboratory 
	experience or estimated from the litera-
	ture. The water content was assumed to 
	95”io
	be 50% in fresh coconut meat 6, 19
	4, 6, 19, 

	in coconut milk and 70% in bread-fruit6’ lg. Pandanus was initially assumed to be similar to other tropical fruits and have a water content of 80’?06, which was subsequently confirmed by Ref. 19. The water content was assumed to be 7091, in bird muscle and liver on the basis of poultry data6; it was assumed to be 75% 
	6
	in eggs . In the case of coconut crabs, 
	the water content was assumed to be 81% 21
	in liver2’ and 62% in hepatopancreas . 
	Evaluation of the potential dose to the 
	returning population has been structured 
	on the basis of basic living patterns (see 
	Table 135) and involves assessment of 
	the contributions of terrestrial food from 
	certain islands or island groups: 
	(A) 
	(A) 
	(A) 
	ALICE-IRENE, (B) BELLE, 

	(C) 
	(C) 
	JANET, (D) KATE-WILMA + LEROY, and (E) ALVIN-KEITH. Table 193 lists the initial concentrations of the radio-nuclides in the terrestrial foods from these islands or island groups. Two ref-erence dates are shown on Table 193. The concentrations based on values in 
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