- | }’*’C?-—] # (3
l . Lawrence Livermore National Laboratory

ENVIRONMENTAL SCIENCES DIVISION

July 10, 1989

Mr. Harry U. Brown

Department of Energy o o =R
Nevada Operations Office Ce e T ‘
P.0. Box 98518 ' , . R
Las Vegas, NV 89193-8518

Dr. Charles B. Meinhold .. B
Brookhaven National Laboratory
Upton, Long Istand, NY 11973-5000 -
Dear Harry and Charlie:

Here is the final version. I have switched the primary emphasis to
effective committed dose equivalent but also included the 50-y integral
effective dose equivalent.

Please discard the original copy. There was a transposition of numbers
in Table 3 between the Rongelap and ICRP values.

Best regards,P
@‘A/(_Q,

William L. Robison
Terrestrial and Atmospheric Sciences

WLR:sm

Attachment

! ,‘ ; ),'
N v . D 7/
Y PR [N \ !
?\ bee
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RONGELAP ISLAND
INTRODUCTION

The important issue to focus on when plutonium (Pu) and Americium (Am)
are present in the environment is the potential radiological dose to people
living in that environment. There are two basic methods for estimating this
dose; one we will refer to as the "environmental method" and the other as the
"urine analysis method." Other issues, such as the concentration of Pu in
soil, are only relevant insofar as they provide information for the
environmental method.

DOSE ESTIMATES

Environmental Method (Lawrence Livermore National Laboratory)

Pu in the soil is of no consequence if it is neither ingested nor
inhaled. Thus, when Pu is present in the environment the potential
radiological dose must be evaluated for both the inhalation and ingestion
pathways. The radiological dose is dependent on the uptake of Pu by food
crops and their subsequent ingestion by people, possible direct consumption of
surface soil, and resuspension by wind of surface soil particles in the
respirable size range that contain Pu which can be inhaled.

Uptake of Pu by food crops and resuspension of Pu contaminated surface
soil are very dependent on environmental variables such as soil composition,
soil pH, vegetation ground-cover, height of the vegetation canopy, and
suspendability of the surface soil. If data are available for the uptake and
resuspension of Pu for a specified environmental system, then these variables
are accounted for and a direct and meaningful comparison can be made on the
critical issue—the potential dose to people living in a specified environment.

We have analyzed many vegetation samples in the Marshall Islands,
including Rongelap Island, to determine the concentration of Pu and Am in food
crops. We find that plants have a very, very low uptake of Pu and Am and the
consumption of soil is minor, being limited to occasional dust on ones hands.
As a consequence, resuspension of plutonium contaminated surface soil, and the
subsequent inhalation of Pu contaminated dust particles in the respirable



size-range, is the major potential route of exposure to people in the Marshall
Islands as it is in almost any environment.

The resuspension of surface soil varies greatly, however, from one
environment to another; resuspension may be very high in one environment and
essentially negligible and of no consequence in another. Thus, it is much
preferred that data for the concentration of Pu in air be available so that
models can be developed relating Pu air concentration to Pu surface soil
concentration, thereby eliminating much of the uncertainty in predicting
resuspension mechanisms for a specific environment. We also have extensive
data on the Pu and Am concentrations in surface soil and air from which we can
estimate the amount of Pu and Am which might be inhaled or ingested during
residence on Rongelap Island.

The 50-y integral effective dose equivalents for both the ingestion and
inhalation pathways are based on the following:

Ingestion

1. The average concentration of Pu and Am measured in food products from
Rongelap Island.

2. The ingestion of local foods based on the diet Tisted in Table A~1 of
the attached Appendix A.

3. An assumption that 10 mg per day soil is ingested for every day of a
person's life. We think this 1is conservative in that it
overestimates the actual soil consumption of adults over their
lTifetime.

Inhalation

1. The average Pu concentration in air based on the LLNL resuspension
model for Rongelap Island is conservatively estimated to be
190 aCi/m3. This concentration is assumed to be present every day of
a person's residence on Rongelap Island and when combined with the
average breathing rate of 22 m3/d gives the daily Pu inhalation rate
in aCi/d. For comparison, the measured, average background



concentration of Pu in air at Bikini Island at Bikini Atoll and
Enjebi Island at Enewetak Atoll, where the Pu concentration in the
surface soil is 3 to 4 times higher than at Rongelap Island, is only
about 30 to 60 aCi/m3. Consequently, the average Pu concentration in
air which we use to estimate the dose from inhalation is very
conservative and, if anything, will overestimate the potential dose
to people living on Rongelap Island.

2. The inhalation model as given in references 1 and 2.

The effective committed dose eguivalent based on the above data is
75 mrem for Pu plus Am; the 50-y integral dose equivalent is 56 mrem. The
relative contribution of Pu and Am and the inhalation and ingestion pathways
is listed in Table 1.

To help put the estimated effective committed dose equivalent or the
estimated 50-y integral effective dose from Pu and Am in perspective, we will
compare them to the U.S. background dose. The average effective committed
background dose equivalent in the United States is 300 mrem/y (3). Over 50 y
this is a total effective committed dose of 15,000 mrem; the results are
listed in Table 2. Based on our conservative estimates of the intake of Pu
and Am by ingestion and inhalation, the estimated effective committed dose
equivalent of 75 mrem due to Pu and Am at Rongelap Atoll is 200 times less
than the average U.S. background dose over the same period of time.

The same conclusion, that Pu and Am at Rongelap contribute very minor
radiation doses, can be reached by calculating an Annual Limit of Intake (ALI)
for the general public from values listed in ICRP Publication 30 for radiation
workers. An ALI for the public can be estimated by assuming that the ALI is a
factor of 50 less than that for workers (5000 mrem divided by 50 equals
100 mrem). The results are shown in Table 3 and are converted from annual to
daily intakes. The intakes at Rongelap for inhalation and ingestion are about
65 to 240 times less than one derives from the ICRP recommendations.



Table 1. The effective committed dose
equivalent from Pu for 50 y of residence on
Rongelap Island.d

mrem
Inhalation Ingestion Total
Pu 34 (28) 12 (6.3) 46 (35)
Am 23 (18) 6.0 (3.4) 29 (21)
Total 57 (46) 18 (9.7) 75 (56)

a The 50-y integral dose equivalent is given
in parentheses.

Table 2. The effective committed dose
equivalent from Pu and Am at Rongelap Island and
the effective committed background dose
equivalent in the United States.d

Effective committed
dose equivalent, mremd

Pu + Am dose at Rongelap 75 (56)
U.S. background 15,000

d The 50-y integral dose equivalent is given
in parentheses.

Table 3. The annual intake of Pu via ingestion and inhalation
at Rongelap Island compared with Annual Limit of Intake (ALI)
for the public derived from recommendations by the ICRP for
radiation workers. Intakes are converted from annual to daily
intakes.

Pu daily intake, pCi/d
RongeTlap ICRP (public)d Ratio ICRP/Rongelap

Ingestion 0.18 44 244
Inhalation 0.0046 0.30 65

d Derived from ALI recommendations by ICRP for radiation
workers (ICRP Publication 30, Part 4, 1988).



Urine Analysis Method (Brookhaven National Laboratory

In this method the Pu concentration in urine is determined by state-of-art
fission track analytical (FTA) procedures. The measured Pu concentration is
used in conjunction with excretion models for Pu to estimate the dose from Pu
remaining in the body.

As of December 1988, over 500 urine samples collected during 1981 to 1984
from the Rongelap people were completed. Although these measurements have met
rigorous quality assurance standards for chemical analysis, some
inconsistencies still existed in the FTA data which we presented during the
Livermore meeting in February 1988.

Now all 67 urine samples of the Rongelap people taken last September 1988
have been analyzed. The results support the thesis that soil contamination in
some of the earlier urine samples was giving false information. Because of
BNL's careful attention in September to collecting uncontaminated urine
samples, which was facilitated by Majatto's low soil concentration of
plutonium, we were not surprised to find the statistics of current Rongelap
measurement reflect a median value far below the 250 aCi per sample as
presented at the Livermore meeting.

Past studies of plutonium concentration in urine samples obtained from the
Marshall Islands people indicated levels much higher than those now known to
be present. The new sample data are, in part, the result of improved bioassay
sample collection and analytical technolcgy. Furthermore, it now appears that
earlier "high" plutonium results were very likely due to: (1) naturally
occurring polonium-210 inhaled in cigarette smoke and fresh fish and (2) water
and soil contamination of the urine samples during collection.

The polonium problem was resolved by the adaption of our FTA method.
Regarding soil contamination of the urine sample, the analyses of the
September 1988 samples provided the following information:

1. From the samples taken in Majatto, all of the plutonium results are below
170 aCi (a committed effective dose equivalent 85 mrem, i.e., the total
dose to be received over the next 50 years). The median of the
distribution is at the background level.
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2. An interesting observation is that the plutonium concentrations in the
Rongelap people's urine samples is similar to that of our BNL individual
who was used as our laboratory control up to December 31, 1988.

3. The mean Pu concentration in urine is below the FTA detection limit of
80 aCi; the 50-year effective committed dose equivalent based on the
detection limit is about 40 mrem. The actual 50-year effective committed
dose equivalent is something less than 40 mrem but how much less is
unknown because of the detection limit.

SUMMARY

The radiological dose due to Pu in the environment at Rongelap is
estimated by two very different methods (Environmental and Urine Analysis) and
compared in Table 4.

The estimated effective committed dose equivalent (or the 50-y integral
dose equivalent) due to Pu at Rongelap Island are very similar for the two
quite independent methods. It is apparent that there is complete agreement
between BNL and LLNL on the magnitude of the dose from Pu at Rongelap Island.
Consequently, the 40 to 46 mrem effective committed dose equivalent (35 mrem
50-y integral dose equivalent) from Pu is insignificant when compared with the
effective committed background dose of 15,000 mrem or more in the U.S. and
other worldwide locations.

Table 4. The average effective committed dose
equivalent from Pu at Rongelap Island in mrem.

Method
Environmental (LLNL) Urine Analysis (BNL)
Effective committed Effective committed
dose equivalent dose equivalent
Pu 46 (35) mrem 40 mremd
Am 29 (21) mrem Assume Am 2/3 of Pu

4 Based on the detection limit. The actual mean
dose is something below this number.
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Table AL, Model Diet: Koncelap [tiand, Local and [saported Food Available for Adult > 1B yrs,

Seecific Activity in 1990, in ipCi/g wet wt.: pCi/dav

‘Local Foot Graas/d Kcal/g Ycal/d  137Ce 90Sr 239+245Pu  241Mm 137Ce 9051 2394200Fu  241ha
oot fich 22 1L 33.8  LL9E-92  L.SE-04  2.4€-04  4.26-05  A.TE-OL l.eE-02  G.BE-OY 1L UE-OF
Tuna £3.9 1.40 19.4 1.9E-92 5,5E-04 2,4E-04 4,2E-05 2.7e-01 9,9E-03 3IE-03 5.8E-04
Haht Mahi 3.36 L.10 .92 1.9€-02 4.5E-04 2.4E-04 $.2E-05 b.8€-92 2.3€-03 8. 3E-04 1,3€-04
Maring {rabs 1,68 0.90 1,51 5,BE-04  1.6E-0F  1LIE-03  L.9E-04  G.7E-04 Z7E-03 LLBE~Y LLZE-uA
Lobster 3.8 0.9 5.49  5.86-04  1.6E-03  1.1E-03  1.9E-04  2.26-03  4.3E-03 A.2E-03  7.4E-04
Class 4,56 .80 3,65 1.2E-03 4.0E-03  1.0€-02  T.IE-03  5.6E-03  [.BE-02  4.4E-02  1.AE-02
Trachus 9.10 .80 0.08 1,263  4.08-03  1.06~02  3.1E-03  1.2E-04  A0E-4 1.0E-0F 3. [E-04
Tridacna fluscie 1.67 1,28 204 {,2E-03  4,0E-03  1.0E-02  I.1E-03  2.1E-03  4.BE-03  1,7E-02  5.2E-03
Jedrul | 3.08  0.80 2,46 LL2E-03 4,0E-03 {.0E-92  3.1E-03  3.BE-9Y  1.2E-02  L.IE-02  9.7E-®
Coconut Crabs 343 0.70 2,19 2.7E400  1.2E400  1L9E-O3  6.26-04  B.5E¢00  G.7E400 L. 1E-03 2.0E-0F
Langd Crape 0,00 0.79 0.00 2.7E+00 1.2E+00 1.9e-037 §.2E-04 0.0E+00 0.9£409 0.0E+00 0, UE+DD
Jctoous .50 1,00 $.50  11E-02  1LeE-D3  2.bE-04  4,.6E-05  4,8E-02  T.IE-03 1L2E-0F  2.1E-%4
Turtle .34 0.89 1.86  I.1E-03  2.5E-04  8.26-05  L.AE-08  1.3E-02  1.IE-03  1.UE-04  4.2E-03
Chicken Muscle 8.36 1.70 142 L9E+00  4,1E-03  6.8E-05  9.06-04  X.3Eedt  3.4E-02  S.JE-4 7.5E-03
Chicken Liver 4,50 L4 738 2.7E400 8.7E-03  3.4E-04  B.4E-04  1,26+0f  3.9E-02  1.E-NY 3.BE-0Y
Chicken &izzard 1.46 1.48 2.4 1. 6E+0O 9.7E-93 1. 6E-04 2.7E-04 2.7E400 1. 6E-02 2.7E-04 4.5E-04
Pork Muscle 9.47 4,30 25.3 1.0E+0] 2,7E-03 3.6E-03 2.9E-05 S.BE+M 1.4E-02 2.0E-04 1, 4E-04
%ork Kidney NR 1.40 .90 1. 491 4,3E-03 3. 4E-04 &, 4E-04 0. 0E+00 D, 0B+ 005400 0, 0E+00
Pork Liver 2,40 2.4 5,27 3.TE400 4.5€-03 9.1€-04 T 4E-04 1.5e+M 1.2E-02 2,48-03 8.9E-04
Pork Reart 10.6 195 20,6 1. 0E+01 2.7E-03 3. 6E-03 2.5E-93 1.1E402 2.9E-02 1.BE-04 2.6E-04
Bird Nuscle 2,71 L 4,60 LL9E-02  6.5E-04  2.4E-04  4.2E-05  5.2€-02  [.GE-0Y 6. 3E-04 L IE-(4
Bird Eags 1,54 1.50 .31 1.26-02  2.9E-04  2.4E-04  4.2E-05  1.BE-02  4.5E-04  T.2E-04  6.3E-OF
Chicken Egpe 7.23 L83 11,8 3.96+00  4.(E-03  6.BE-05  9.0E-04  2,9E401  2.9E-02  4.9E-04  4.53E-0F
Turtle Fogs 9.36 1,50 14,0 J.1E-03  2.5E-04  B.26-95  [.4E-05  2.9E-02  2.3E-03  T.bE-04  1.3E-0A
Pandanus Fruyit 8.46 0,540 5.20 9.0€+00 4.4E-01 4.4E-05 . 2€-05 7.8€+01 3.86400 J.36-04 1.9E-04

anus Nuts 0.50 2.46 1,33 9.0E+00  4.4E-01 4 AE-05  2.26-05  4.SE+00  2.2E-01  2.2E-95  1.IE-0S
Sreadfruit 271.2 1.30 35.3 2.8E+00 4, 1E-02 1.6E-05 2.0E-05 T.6E#01 1. 78400 4 4E-04 5. 4E-04
Cocorut Juice 99.¢ 0} 10.9  9.56-01  {.1E-03  2.7E-05  2.5E-95  A.SE+01  1.IE-0}  2.BE-03  2.0E-03
Cocorut Milk 3.9 3.44 179 L 4E+Q0 1,4E-92 4.5E-03  5.3E-95 2.38+02 8.2e-01 2.3E-0% 2.9E-03
Tuba/dekern 0.00 0,50 0.00 4, 4E+00 1.4E-02 4,5E-05  G5.5E-05 0, 0E+00 0.0E+00  D.0EHD O,0p+0D
Orinkina Coco Meat  31.7  1.02 32,3 LL7Es00 1.06-02  3.3E-95  3.BE-05  S5.SEe01  3.2E-01  LL1E-0Y 1L2E-03
Coura Meat 12.2 §.14 50.3 446400 1,4E~02 4.5E-05 5. SE-05 S 4B+ 1.9E-1 9.3E-04 6.76-04
Sorout. Uoco 779 0,80 6,23 4.4E+00  (L6E-02  4.5E-05  5.SE-05  LSEeM)  1.2E-00 L.SE-04 43E-M4
Marsh. Cake 11,7 1,36 19.2 4 4E+00 1.4E-02 4.5€-99 5.5€-95 5.2E+01 L.8E-n] 5. 2E-04 5.5E-04
Pagava §.39 0,39 .57 9.8E+00 1 AE-01 1.3E-04 8.2E-03 b.4E¢+0] 9.2E-01 8. 4E-04 4.1E-04
Squash Nk 0.47 .00 6.3E+00 9. 56E-02 1. 7E-05 3.3E-0b 0. 0E+00 11, 0E+00 0. 0E+00 0, 0E+00
Pumgkin 1.24 0.30 Y 6. JE+) 8.4E-92 1. 7E-0% 8.3E-06 71.8E+00 1.1E-01 2.1E-05 {,0€-03
8anana 9,02 .68 0,02 1. (€400 2.6E-02 1.3E-04 5. 2E-05 2.2E-02 9.3E-74 2,5E-98 1.ZE-04
Arrowsroot 1,93 J.44 13.4 6. 3E+00 7.8€-02 6.96-04 1.6E-M4 2,5E+00 J.0E-M 2,7€-03 1. 4E-03
Citrus 2,10 0,49 0.03 1.8E+00 0, 0E+00 0.0E+)D 1,0E400 {.8E-01 0. GE+00 2, DE400 0, QE+(0
Rainwater 33 0.00 0.00 S.2E- 1.9E-04 2.AE-08 3.98-07 1.4E-01 8.9€-02 7.3€-04 1.2E-04
Hellwater 207 4,00 0.00 8.0E-04 1.88-03 1. 3E-05 7.5€-04 1.78-01 1.8€-0) 2,76-43 i.4E-03
Malolo 199 0.00 0.00  S.26-04  (.96-04  2.4E-06  1.9E-07  1.06-0t  1.BE-02  A.BE-04  T.BE-0S
Loffeeslpa 228 0.00 9.00  5,26-04  1.9E-04  2,4E-06  3.9E-97  1.2E-9) 1.4E-02  5,5E-04  9.0E-0S
Soil 0.00 0,00 0,00  1,6E*01  S.2E¢00  4.0E#H0  2.4E+00  [.6E-01  S.2E-02 A0E-M2 2.4E-02
Total Local w2 s T 1034 13 0.18 .01

Fluids 1046 i
Solids 534

- -— P e L TP L Y P R DL
- - - ——— " - " o AR - A



