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ABSTRACT

The quantity k is defined as the fraction of a nuclide
in the !nvironTent which must be ingested each day over.a
given tune period to eceive a aximum aowable dose, in
accordance with the nternational Cmmission on Radiological
Protection uidelines. Values of k were computed for radio-
nueZidee produced in a single cratering detonation uing
current design technology. A new concept, called the Mass
Extraction Rate," i presented. This concept is defined as
the mass of earth material from which the entire quantity
of the radionuclide must be extracted and ingested each day
by some natural process over a given time interval, which
results in a permiaeibZe dose. Mass Extraction Rate values
are tabulated. A comparison is made etween the Mass
Extraction Rate and the specific activity methods.

INTRODUCTION

In a report of an LRL study In 1966 (Ref. 1), James and I developed
a set of general equations from which individual doses from and the rela-
tive significance of radionuclides could be calculated. A table of
values resulted, showing (1) k, the fraction of a nuclide that must be
ingested each day over any time Interval to receive a maximum allowable
dose In accordance with International Commission on Radiological
ProtectIon (ICRP) guides, and 2 qO, the dsintegration rate o the
nuc lide at t = 0. In our calculations we assumed that neither physical
dilution nor bological concentration processes operate, that the radio-
nuc Hde is always completely biologically available, and that there Is
no Influence by the presence of the stable element. We further assumed
that ngestion begins two months after the last detonation (for the case
of an sthmian canal) and continues for 50 years. In this paper the same
assumptions apply, except that the time Intervals over which Ingestion

tcalcu= doare different , Whereas In our previous study the calcu-
�a ed va uee f qO and k wr. madefor a detonation plan Involving four-
teen separate detonations over two years and 294 explosives of varying
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yields, the present set of values Involves a single detonation of
170-kt total yeld and a quite different explosive design. These
differences alter the values of k and therefore the relative signif-
icance Index. Although separate values of kand of q are classified
and cannot be presented here, the product kO In pC)/2ay is unclas-
sified and can be computed by anyone who possesses the ICRP Committee I I
report (Ref 2.

THE GENERAL EQUATIONS

A certain fraction of each nuclide existing in the environment
will be ingested each day. Because of dilution and concentration fac-
tors, this fraction will, In general, be a function of time. In Ref. 1,
we assumed this fraction per day to be a constant k.

The general equations applicable to the critical organs other than
those of the GI tract are:

3. X 05ckfwqo _Xrtl _Xrt2 -A-etI -)Let2
fe - e e e for X

D M(Le Xd )Lr Xe e

and

5.IX10- 5 Ckf q Xt _Xt2
D W 0 e 1 (At + 1 - e (Xt2 + ) for e Xr ;k (la)M X I

where

D = dose (rem),
C = effective energy (MeV) =2EF (RBE)n (Table or 5A of Ref 2,
k = fraction of a nuclide existing In the environment ingested per

day,
fw= fraction of the amount of nuclide ingested, which reaches the

critical organ,
qO= disintegration rate of nuclide at t = 0(pCI),
m = mass of organ (g),

Xe= effective decay constant in the critical organ (day I
Xr= radioactive decay constant (day ).

In Equations (1) and (la) and In the equations which follow, t = 
when Ingestion begins; t t t2 Is the time interval over which the dose
to the critical organ is calculated; q = qyswhen t = 0. (Whenathe criti-
cal organ Is not part of th G tract, It assumed that ther is no
significant time interval between Ingestion of the nuclide and entrance
Into the critical organ.)

The general equation that applies to the critical organs-that are
part of the GI tract is
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D(rem) 2m)L (e -)LrtI )Lrt2 (2)

where

(days) = the time Interval the aterial remains In the critical
organ of the tract as given In Table 11 of Ref 2,

t3(days) = the time between ingestion and entrance into the criti-
cal organ of the tract; vlz"t 3 = 0 for stomach, 124
for small intestine, 524 for upper large Intestine,
and 13/24 for lower large intestine.

In using Equations (1), and (la), and 2 t I wIll be taken as
zero, I.e., the time of ingestion. The fact that radioactive decay
takes place between ingestion and arrival of the nuclide at the criti-
cal organ of the tract (except for the stomach) is accounted for by
the first exponential.

Applying the appropriate values from Tables and 11 of Ref 2,
the equations then become:

Stomach (S)

D (rem) = 4.4 X 1 0 9Ekq0 e-Xrt2). (3)

)Lr

Small Intestine (SI)
-9 fkqO -0.042)L, Y2

D(rem) 38 X 10 --y-e 1 e (4)
r

Upper Large Intestine (ULI) -0.21 Xr (1 -)Lrt2
_8Ckq0

(rem) = 6 3 X 1 0 -3�- e e (5)

Lower Large ntestine (LM

1.27 X 10 _7Ckq0-0.54 Xr Xrt2)D(rem) = Xre (1 - e (6)

No significant error is introduced by Ignoring the first exponential
in Equations 4 (5), and 6 provided the radioactive half-life, T,
Is long enough. The following table shows such errors:
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I ULI LLI

The calculated value of D will

T r be too large by a factor of:

1/4 day 1.12 1.8 4.5
1/2 day 1.06 1.3 2.1

1 day 1.03 1.16 1.5
2 days 1.01 1.08 1.2
4 days 1.01 1.03 1.10

If the allowable dose to the critical organ in a time period ti
to t2 Is substituted for D In Equations 3 through 6 It Is pos-
sible to calculate the fraction, k, of co which must be ingested per
day each day from t t 2 for the delivered dose to equal the
allowable dose. The lower the value of k, the less may be ingested,
and therefore the more hazardous the nuclide. Used in this way, then,
k has a physical meaning. Also, by comparing one k value with another,
the most Important nuclide, under a given set of assumptions, can be
determined at a glance.

The value of k changes with the dose criterion and time period
used for the allowable dose. For example, If a nuclide has a half-
life of one week, then 00033 rem delivered In the first week Is more
restrictive (gives a lower value of k) than if the criterion of 017
rem delivered In the first year is used. For example, where the criti-
cal organ Is the LLI, k can be several orders of magnitude lower if the
period zero to one week Is used rather than zero to one year. On the
other hand, for a nucilde with a long half-life, which is accumulated
slowly (like strontium-90) a short time period gives a less restrictive
k value.

Because of these effects, any list of k values must clearly indi-
cate both the dose criteria and the time period, t to t2'

The physical and biological parameters used In the calculations
are given In Appendix A. The annual permissible dose values used to
calculate k are:

Organ D (rem/year)

Total body, gonads 0.17
Skin, bone 3
All others 1.5

With the aquatic system In mind, it is assumed here that ingestion
begins one week after detonation. It Is difficult to Imagine ingestion
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by a szable portion of the population beginning sooner, except via
the mlk pathway.

In cases where a parent nuclide decays to a shorter-lived daughter,
the contribution to the dose by the daughter Is included. Where the
daughter Is longer lived, each nuclide is calculated separately.

For a given nuclide, where there Is more than one critical organ
shown In bold face type In Ret 2 each case was calculated. In every
Instance, the first case listed proved to be the most hazardous and
Is the only one Included here.

MASS EXTRACTION RATES

If we know the total mass of earth material (fallback, ejecta,
and fallout) wth which a radionuclide Is mixed, we can compute the
Mass Extraction Rate, MER. MER Is defined as the mass of earth ma-
terial from which the entire quantity of the radionuclide In that
mass must be extracted and Ingested each day, by some natural pro-
cess, over a given time Interval, resulting In a permissible dose.
This is done simply by multiplying the fraction per day, k, by the
total mass of earth material, M, and Is known as the Mass Extraction
Rate:

MER (g/day = k day- II Mg).

The total mass of earth material Is computed by first deter-
mining the fraction of the total radioactivity produced per gram of
fallout or fallback in he most highly concentrated samples, then
taking the reciprocal. In such samples, refractory and volatile
particulates do not differ In their fraction-per-gram values by more
than 50%. Using the most highly concentrated samples gives the
lowes7t value of M and, therefore, the lowest values of MER.

Assuming the crater dimensions scale as yield raised to the
1/(3.4) power (Ref 3 the mass of earth material with which the
radioactivity is mixed scales as the yield raised to the 33.4 power,
or 0.88. Then the traction per gram for a 170-kt crater is

100 0.88 = 0.63
1 YU

times that for a 100-kt crater. That Is, the total mass of earth ma-
terial with which the nuclides fro a 170-kt crater is mixed is 16
times that from a 100-kt crater.

Tritium is a special case because it Is not particulate. In
cratering events, virtually all tritium appears as HTO, and Is more
uniformly mixed with the total mass of earth moved than are particu-
lates. Figure I Illustrates that the mass concentration of tritium
In fallback is essentially constant from the bottom of the apparent
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crater down to the working point 315 feet below. Figure 2 (taken in
part from Ref 4 shows the decrease in tritium concentration with
distance from surface zero. The highest concentrations are found
In fallback.

Using appropriate M values for particulates and tritium, MER
values were computed for all nuclides. (See Tables I through 111.)
Nuclides having MER values greater than 2000 g/day have been excluded.
Also, values of MER were computed for three different time intervals.
Table I lists values of MER where equals the time required to ob-
tain 99% of the dose at the permissible annual dose rates. Table 
lists values of MER where t2 equals one year, nd Table III lists MER
values where t2 equals 30 years.

Interpretation of MER Values

Using 12.4 day thallium-202 as an example, Table I indicates that
If an individual, by some natural process, managed to extract and in-
gest each day 100% of the thallium-202 contained in 14 grams of the most
concentrated fallout, he would receive 0334 rem to the LLI, and he
would receive that dose in the first 82 days after beginning ingestion.
Further, 0334 rem Is 99% of the dose he could ever receive from
thallium-202 regardless of how much longer he ingests at that MER.
Also, 0334 rem in 82 days is the permissible annual dose rate of 5
rem/year (not necessarily the permissible dose rate In 2 ays).
Table 11 indicates that at a MER of 60 g/day, he would receive 1.5
rem to the LLI during the first year. However, he would again receive
1.485 rem 99%) In the first 82 days, or at an annual rate of 66
rem/year for the 82 days, and about 0.015 rem 1� te ��aning 283
days. At a MER of 60 g/day he would receive 048 rem In the first
week after ingestion begins. Table III shows that at a MER of 1800
g/day he would receive 1.5 rem/year x 30 years = 45 rem in 30 years.
However, he would receive 44.5 rem in the first 82 days.

On the other hand, using 27.8-year strontium-90 as an example,
Table I shows that at a MER of 1100 g/day, the individual would re-
ceive three rem to the bone during the first year. (Table 11 did not
include strontium-90 because 128 years are required to receive 99%
of the dose at a constant MER.) Table III Indicates that a MER of
only 180 g/day are required to receive three rem/year x 30 = 90 rem
to the bone over 30 years. At a MER of 180 g day, a dose of on y
rem to the bone is received during the first year. The reason is that
strontium-90 has a long, effective half-life in the bone; viz., 1731
years.

The Terrestrial Environment

What is a reasonable maximum value of a MER in the terrestrial environ-
ment? The U.S. Public Health Service reports data n institutional
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total diets of children 912 years of age) during April-June 1968
(Ref. 5). Samples of the edible portion of the diet for a full week
(21 meals plus soft drinks, candy bars, or other in-between snacks--
drinking water excluded) were collected and analyzed. Twenty-one
states are represented, covering all sections of the nation, including
Alaska and Hawaii. Potassium intake was measured, with a low value of
0.8 g/day in Louisville, Kentucky, in June, and high value of 42 g/day
In St. Louis, Missouri, in May. The institutional average for all loca-
tions and months was 27 g/day.* Since typical soils contain about
211 WI% potassium, the intake of the biologically available potassium
must have resulted from actual extraction rate of about 100 grams of
soil per day. Virtually all of this potassium must have come terres-
trially, because the sea contains a low concentration of potassium
(380 pipm), and sea animals do not concentrate potassium in their
muscle by more than about an order of magnitude. So, for the terres-
trial environment, an actual extraction rate of 100 g/day would appear
to be a reasonable overall value for elements complete y an rap y
available from fallout to man's food via the soil-root pathway. MER
values larger than 100 g/day would result in doses proportionately
smaller than permissible doses.

Harley (Ref 6 reports that the natural uranium In the terres-
trial diets of San Francisco residents in 1966 was 413 ug/year. Uranium
is ubiquitous in nature and is found to be present at about 3 ppm. Then
the actual extraction rate for uranium is 038 g/day, compared to 100
g/day for potassium. So for most elements, the actual extraction rates
will be appreciably lower than 100 g/day.

Using one week after the detonation for Initial ingestion is much
too conservative for the soil-root pathway. With the exceptions of
tritium, tungsten-181 and tungsten-185, the MER values of each nuclide
In Tables I through III increase to 100 g/day or greater if 51 days after
detonation is taken as the start of ingestion. This Is caused simply
by radioactive decay. The time from detonation to onset of ingestion
required to raise MER values to 100 g/day Is shown in Table IV for each
nuclide.

The Aquatic Environment

Most elements are concentrated, some by large factors, by aquatic
food chains. The ratio of the mass of element per mass of edible portions
of aquatic food to the mass of element per mass of water ranges from less
than one (e.g., Cl, Ref 7 to as much as 105 (e.g., Cd). Therefore, the
aquatic pathway is potentially more hazardous than the soil-root pathway.
Concentration factors are important when the specific activity method Is

1* Incidentally, this potassium intake results In a potassium-40 intake
of 2200 pCI/day, and an annual dose of 0060 rem to a child's total
body, or about one-third of the ICRP permissible dose.
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used to stimate hazards from radioactivity in aquatic foods. The
specific activity principle was first developed by a Working Group
of the Committee on Oceanography of the NAS-NRC (Ref. 8). In their
report, this principle Is stated: "...if the specific activities
(that Is, the radioactive proportions of the elements) of the cheml-
cal elements in the sea In the environment of human food organisms
are maintained below the allowable specific activities for those
elements In the human body or human food, no person can obtain more
than an allowable amount of radioactivity from the sea, regardless
of his habits." In the Maximum Extraction Rate concept, specific
activities are not used, and as stated before, it Is assumed that
there Is no Influence by the stable element. In fact, specific
activity could be Infinite (I.e., no stable element or carrier ele-
ment present). It Is still essential that extraction and Ingestion
of a radionuclide from a certain quantity of fallout occur each day
to receive the maximum dose, Independent of specific activity. This
Is no criticism of the specific activity method. The two concepts
complement each other. It mght be possible to show that, for
nuclides with low MER values, the specific activity Is In fact lower
than the maximum permissible specific activity. Conversly, where
the MPSA Is exceeded, MER values might be nordinately high.

Also, concentration factors do not apply In the MER concept.
For example, the MER for mercury-203 Is 58 g/day giving 1.5 rem to
the kidney during the first year. Let's assume that oysters concen-
trate mercury by a factor of 5, and that six oysters are eaten
each day during the year. For a kidney dose of 1.5 rem, each group
of six oysters must extract the mercury-203 from 58 grams of fallout
per day, not 58 x 1-5 g/day. The MER value remains fixed regardless
of the co�ncentratlon factor.

Tritium

Let us assume LeIpunsky's often quoted value for tritium produc-
tion of 67 x 103 per kt of fusion. The IVIPC for the general popula-
tlon is 13 VCI/cc. Therefore, 1.1 x 1016 wc of water (a body of
water 80 feet deep and 76 miles In radius) is required to dilute all
of the tritium to MPCw. It Is assumed that all the tritium produced
Is Immediately present and available in the aquatic system and that
this body of water is never mixed with other water.

However, tritium decays with a 12.26-year half-life, so that to
receive 017 x 30 = 5.1 rem In 30 years would require a body of water
80 feet deep with a 4.1-mile radius, and It is assumed that man is in
equilibrium with this body of water only.

In a harbor or canal application, for example, a small fraction
of the total tritium would appear In the ocean, harbor, or canal water
shortly after a detonation; therefore, smaller volumes of water would be
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required for dilution. Furthermore, turbulent mixing in the ocean,
tidal changes In the harbor, and currents in the canal would further
reduce the tritium concentrations.

Radlotungsten5

Tungsten-181 and tungsten-185 appear to be potentially the most
troublesome particulates, according to MER analysis. Preliminary data
(Ref 9 indicate about 1% of the tungsten Isotopes in Cabriolet fall-
out Is leached by sea water when continuously shaken for three weeks.
If only 1% Is available, the MER values for tungsten must be multiplied
by 100 to compute the actual extraction rates required to receive a
permissible dose. Furthermore, changes can be made In the design of
the 170-kt explosive under consideration to greatly reduce the quanti-
ties of the radiotungstens produced.

OTHER METHODS

Tamplin (Ref. 10) and Ng (Ref. 11) have made estimates of doses
to man which could be received through forage-cow-milk, soil-root,
and aquatic pathways. They use the specific activity concept, and
where uncertainties exist, employ values of parameters which tend to
maximize the estimates. Also, their assumptions lead to maximum doses.
For example, they assume Instantaneous equilibrium In the biological
exchangeable pol. Ingestion begins immediately at shot time. Tamplin
(Ref. 10), In dealing with the aquatic system, calculates 30-year doses
to the Infant bone for external activation products and fission products
from a cratering explosive of I-Mt total yield and 10-kt fission yield.
The infant remains an infant for the 30-year period. The greatest dose
from activation products is 430 rd from phosphorus-32, assuming all the
phosphorus-32 Is In the aquatic system. Using the same qO of phosphorus-32
used by Tamplin (.4.2 x 1016 pCI), an actual extraction rate 2 2 x 104
g/day is required for a dose of 430 rd. His greatest dose from fission
products Is 2540 rad from antimony-126. Again using his q� of antimony-126
(9.6 x 1016 pCI), an actual extraction rate of 46 x I 6 g day is re-
quired. The present MER analysis Indicates that many nucIldes are
potentially more troublesome than ether phosphorus-32 or antlmony-126,
the two nuclides appearing as most Important In Ref. 10. Further, It
seems extremely Improbable that an actual extraction rate In excess of
one ton per infant per day could ever be accomplished by any natural
process. This comparison illustrates that ultraconservative assumptions,
regardless of the method employed, can result In misleading conclusions.

It Is Interesting to compare mass concentrations of the lead-210
produced by the explosive and the lead-210 naturally present. In
equilibrium with uranium-238 Is Its 21-year daughter lead-210 At
3-ppm uranium, the mass concentrations of lead-210 Is one C per 1012
grams of soil. The explosive produces a lead-210 mass concentration of
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one pCI/gram. Therefore the mass concentration of lead-210 from the ex-
plosive about equals that already naturally present.
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Table II
> z

0.
tz Ingestion begins week after detonation

in
0 (t2 year)

D. :r a
0 Fission products Induced activitiesr r r r- r- r, t, r, 4: -3 r r r, -i 0 r)

Critical Critical0 0 a Nuclide T organ MER (g/day) Nuclide T r organ MER (g/day)r

0 0. 131 185a. C I 8.05d Thyroid 10 W 74 d LLI 0.42n
0 M

0 Bal 40 12.8 d LLI 110 W 181 1 40 d LLI 2.4
P r F P r P P P P P P P ;-O0 0::S 1 06Ru 1.0 y LLI 130 Tritium 12.26y Bodytissue 1 8Cr

Ce 144 2 03
9 284 d LLI 140 Hg 46.6 d Kidney 58

CD 89 202Z S 0 Sr 52.7 d Bone 190 TI 12.4 d LLI 60

Zr 95 187
CA 0 65.5 d LLI 270 W 24 h LLI 110

0 0 1 03 8 6RU 40 d LLI 370 Rb 1 B. 66d T. B. 140
M 182
�s Tel 32 78 h LLI 420 Ta 115 d LLI 170
CL

f. P, P, M 141 45
0 Ce 32.5 d LLI 650 Ca 165 d Bone 180

CD :3" 91 54
r- -I -3 r r- t- r �3 r r r r- r Y 58.8 d LLI 700 Mn 312 d LLI 190

tu 90 181
Sr 27.8 y Bone 1100 Hf 43 d LLI 240

1 47 32M Nd 11.1 d LLI 1200 P 14.3 d Bone 300
W P

2. Cs 1 37 30 y T. B. 1200 Cs 1 34 2.1 y T. B. 500

35
P P P P P P P CL S 88 d Testis 62 50 0

9 2 030 Pb 52 h LLI 820

58
C o 7 1 d LLI 900

210Pb 2 1 y Kidney 1200

day day, y year, h hour.



Table III

Ingestion begins I week after detonation

(t2 30 years)

Fission products Induced activities

Critical Critical
Nuclide T r* organ MER (g/day) Nuclide Tr organ MER (g/day)

Sr 90 27.8 y Bone 180 W185 74 d LLI 12

I131 8.05d Thyroid 320 Tritium 12.26y Bodytissue 35

Cs 137 30 y T. B. 1300 W 181 130 d LLI 60

Ru 106 1.0 y LLI 2000 Pb 210 21 y Kidney 450

Hg 203 46.6 d Kidney 1700

TI 202 12.4 d LLI 1800

*y year, d=day
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Table IV

Time from detonation to onset of ingestion rquired to

increase MER values to 100 g/day

(tritium excluded)

t2 = 99% D t2 I year t 2 30 years

Nuclide t (day) Nuclide t (day) Nuclide t (day)

I1 33 8 TI 202 16 w 181 110

Pr 143 10 I1 31 34 w 1 85 2 33

w1 87 13 Hg 203 43

Te 1 32 4 w 185 588

Pb 2 03 17 w 181 7 59

Rb 86 27

Ba 1 40 33

Tl 2 02 42

1131 51

w185 562

w1 81 612
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APPENDIX A

INDUCED AND RESIDUAL, ACTIVITIES

citical 0
Midid'? organ Tr ;k, (day I) Te (day) te dy- 1 c me V) In g r.

.1, iti"", MAY 12.2 6 y 1.55 (-4)1 1.2 (1) 5.77 (-2) 1.0 (-2) 41,3 4) 1
ti�su,-

I ,� 7 1.111 5J d 1.31 (-2) 8.5 (-:3)

C14 F.t 5730 y 3.31 (-7) 1.2 (1) 5.77 (-2) 5 4 (-2) 1.0 (4)

Na22 T. B. 2.60y 7 3 (-4) 1.1 (1) 6.30 (-2) 1.6 7. 0 (4) 1

Na24 Si 15.0 h 1.11 2.7

SOL S 2.62 h 6.35 5.9 (- )

P32 Bone 14.3 d 4.85 (-2) 1.41 (1) 4.91 (-2) 3.5 7.0 (3) 3.75 (-I)

S35 Testis 88 d 7.87 (-3) 7.72 (1) 8.97 (- 3 5.6 (-2) 4.0 (1) 1.3 (-3)

C136 T. B. 3.1 X 105 y 6.14 (-9) 2.9 (1) 2.39 (-2) 2.6 (-1) 7.0 (4) 1

K42 S 12.4 h 1.34 1.5

Ca45 Bone 165 d 4.20 (-3) 1.63 (2) 4.2 (-3) 4 3 (- 1) 7.0 (3) 5.4 (-I)

C.47 Bone 4.53 d 1.53 (-I) 4.53 1.53 (-I) 2.6 7.0 (3) 5.4 (-I)

s,46 LLI 83.8 d 8.3 (-3) 4.0 (-I)

Cr5l LLI 27.8 d 2.49 (-2) 1.0 (-2)

M,,54 LLI 312 d 2.22 (-3) 1.3 (-I)

Mn56 LLI 2.58 h 6.45 1.1

Pe55 Spleen 2.4 y 7.9 (-4) 3.88 2 1.79 (-3) 6.5 (-3) 1.5 2 2 (-3)

Fe59 LLI 45 d 1.54 (-2) 2.9 (-I)

C,58 LLI 71 d 9.8 (-3) 1.7 (-I)

C058M LLI 9 h 1.85 1.9 (-2)

C060-+g LLI 5.24 y 3 64 (-4) 4.4 (-I)

C�64 LLI 12.9 h 1.29 1.6 (-I)

Z,65 T. B. 2 43 d 2.85 (-3) 1.94 2) 3.57 (-3) 3.2 (-1) 7.0 4) 1 (-l)

Rb86 T. B. 18.66 d 3.71 (-2) 1.32 (1) 5.25 (-2) 7.0 (-I) 7.0 4) 1

1nl 1 4-+9 LLI 50 d 1.38 (-2) 9.3 (-I)

SbI24 LLI 60.2 d 1.15 (-2) 6.8 (-l)

C,134 T. B. 2.1 y 9.05 (-4) 6.5 (1) 1.065 (-2) 1.1 7.0 4) L

j�,l 52 LILI 1 y 1.46 (-4) 6.5 (-1.)

E, 1 54 Lill 6 y 1.28 (-4) 6.9 (-1)
DyI59 144 d

I Irl 131 11111 43 d 1.61 (-2) 2.2 (-I)
a179 600 d

�rl 82 LLI 115 d 6.02 (-3) 3.8 (-I)
TaI83 5.0 d

W178 22 d

wial LLl 140 d 4.95 (-3) 4.7 (-2)

W185 LLI 74 d 9.30 (-3) 1.4 (-I)

W187 MA 24 h 6.93 (-I) 3.6 (-I)
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APPENDIX A Contin-d)

cHti,ai T X (d.y- I A. (d.y- I c (MOV) g)N.Clide orgm. Te (""Y)

W11111 69 d

I"P12 111.1 74 d 9.30 (-3) 4.2 (- )

[Ig 20:1 Kidney 46.6 d 1.49 (-2) 1.1 (1) 6.3 (-2) 1.5 (-I) 3. 0 (2) 2. i (-I)

TI 2 01 LLI 73 h 2.28 (-I) 1.0 (-I)

Tl 202 LLI 12.4 d 5.60 (-2) 2.3 (- )

T1204 LLI 3.75 y 5.05 (-4) 2.5 (-I)

Pb 203 LLI 52 h 3.20 (-I) 5.1 (-2)

Pb 210 Kidney 21 y B. 4 (-5) 4.94 2) 140 3) 1.0 (1) 3.0 2) 1.0 I- 2)

Bi2O7 LLI :Jo y 6.23 (- 5) 2.4 (-I)

131 21 11111 S. d 1.39 (-I) 9.5 (-I)

U233 LLI 1.62 X 105y 1.17 (-8) 4.9 (-I)

U2 3 4 L, LI 2.48 X 105 y 7.65 (- 9 4.8 (-I)

U235 L1.1 7. 1 X IO ay 2 66 (-12) 5.2 (-I)

U236 i.LI 2.39 X 107 y 7.95 (- 1 1 4.5 1)

11237 6.75 d

U2:18 11111 4.51 X 10 9y 4.21 (-13) 4.3 1)

Np 2 37 Bone 2.14 X IO 6y 8.90 I 0) 7 3 (4) 9 5 (-6) 4.9 1) 7.0 (3) 5 4 5)

Np 2 39 LLI 2.35 d 2 95 1) 1.4 I 

p,238 Bone 89 y 2.13 (-5) 2 3 (4) 3.01 5) 2 B (2) 7.0 (3) 2 4 5)

Pu 2 39 Bone 2 4360 y 7.80 (-8) 7.2 (4) 9.63 6) 2.7 (2) 7.0 (3) 2.4 5)

p�240 Bone 6,7 60 y 2.81 (-7) 7.1 (4) 9.77 6) 2.7 (2) 7. 0 (3) 2 4 5)

Pa 2 41 Bone 3 Y 1.46 (-4) 4. 5 (3) 1.54 (-4) 1.4 (I 7.0 (3) 2 4 (-5)

A,241 Bone 458 y 4.15 (-6) 5.1 (4) 1.36 (- 5) 2.8 (2) 7.0 (3) 2.5 (- )

FISSION PRODUCTS

13r82 T. B. 35.3 h 4.71 (-I) 1.3 5.33 (-I) 1.8 7. 0 (4) 1

S,1119 Bmc 52.7 (I 1.31 (-2) 5.25 (I I 1.32 (-2) 2.11 7.0 (:I) -1.1 (-I)

lr!)O I on� 2 7 y G. 5 (-5) 6.4 (:I) 1.011 ( 4 5. 5 7.0 (3) !).O (-2)

Y I 1.111 58.8 I 1.08 (-2) V ) (-I)

Z,.!) 5 1 J-I 65.5 d 1.06 (-2) 2 4 (-I)

M099 hidney 67 h 2 49 (-I) 1.5 4.61 (-I) 4.5 (-I) 3.0 2) 6.0 (-2)

HU103 LLI 40 d 1.73 (-2) 1.93 (-I)

R.106 I-LI 1.0 y 1.90 (-3) 1.3

RhlO5 LLI 36 h 4.61 (-I) 1.9 (-I)

Ag ill LLI 7.5 d 9.25 (-2) 3.7 1)

Cd 115m LLI 43 d 1.61 (-2) 6.1 1)

snI21m 76 y

Sn123m 12 d

Sn 12 LI-I 9.4 d 7.37 (-2) 9.3 (-I)
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APPENDIX A (Continued)

Critical (day- I -1)
Nuclide organ Tr 'L r T, (day) )L. (day e (MeV) m (g) w

Sbl 24 LLI 60 d 1.16 (-2) 6.8 (-I)

Sb 125 LLI 2.7 y '1.04 (-4) 1.8 (-I)

SbI26 12.5 d

SbI27 3.7 d

Te 127m Kidney 105 d 6.6 (-3) 2.3 (1) 3.01 (-2) 3.2 (-I) 3.0 2) 2.0 (-2)

T.120m LLI 34 d 2.04 (-2) 9.3 (-2)

T,1:31M LLI 1.2 d 5.77 (-0 5.5 (-I)

Tel:J2 [,LI 711 h 2.13 (-1) 8.6 (-1)

I131 Thyroid 8.05d 8.61 (-2) 7.6 9.12 (-2) 2.3 (-I) 2.0 (1) 3.0 (-I)

I133 Thyroid 21 h 7 96 (-I) 8.7 (-I) 7.92 (-I) 5.4 (-l) 2.0 (1) 3.0 (-I)

CS136 T. B. 3 d 5.33 (-2) 1.1 (1) 6.30 (-2) 6.5 (-I) 7.0 4) 1

Cs 1 37 T. B. 30 y 6.32 (-5) 7.0 (1) 9.9 (-3) 5.9 (-I) 7.0 4) 1

BaI40 LLI 12.8 d 5.41 (-2) 1.12

Ce 141 LLI 32. 5 d 2.13 (-2) 1.7 (-I)

C,143 LLI 33 h 5.04 (-l) 4.9 (-I)

Ce144 LLI 2 84 d 2.44 (-3) 1.3

Prl 43 LLI 13.7 d 5.06 (-2) 3.2 (-1)

Ndl 47 LLI 11.1 d 6.2 5 (-2) 2.6 (-0

PM147 LLI 2.6 y 7.3 (-4) 6.9 (-2)

PM149 LL1 53 h 3.13 (- 1) 4.1 (-I)

s,153 L-1,1 47 h 3. 53 (-I) 2.4 (-l)

EU 1 5 5 t. LI 1.1i y 1.054 (-3) 7. 5 (-2)

d -- 1�y, h z hour-, y year.

tNjmbcr. in parentheses re xponents of 10.
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Figure 1. Mass concentration of tritium vs. depth in Sedan fallback.
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Figure 2 Mass concentration of tritium vs. distance in Sedan.
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QUESTIONS FOR EDWARD FLEMING

From Alex Grendon:

Since your method seems to have Indicated an annual dose of 16 mlli-
rem from potassium-40, which I believe Is much higher than the value
computed by more direct means, have you analyzed the cause of the dif-
ference and does It suggest a source of error In your model?

ANSWER:

It does seem hgh and I admit that. A value for adults Is closer to
30 mllirems, but these are children and as a result I multiplied by
two taking into account the fact that their body weight is about a
factor of two less than an adult's.

From C. L. Pringle:

Are plant metabolism studies continuing to determine nuclide concentra-
tions in he food plants - beans, corn, grass, etc. - grown In so!)?
Are such results published?

ANSWER:

I'm not very familiar wth such work. I believe people from our
Biomedical Division at LRL could answer that question better than 
and Dr. Shore, the Division Leader of the Siomed Division, will speak
here, I believe It's Thursday; and I'm sure he will be happy to answer
that question for you.

From C. L. Pringle:

Will your computations as presented be published in the Proceedings?

ANSWER:

Yes

From E. A. Martell:

Comment on the specific and total activity of cesium-137, strontium-89,
and strontium-90 in the cloud from a cratering shot at optimum depth
30 minutes after detonation. What are the consequences of depositing
the total cloud debris over approximately 1,000 square miles?

ANSWER:

I don't have the numbers at hand, Ed. I have them at the laboratory.
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Moderator: I think the question is to answer the question as to the
total activity of each of these species. Are you prepared to speak
to that?

ANSWER:

If that's the essence of the question, I cannot and the reason is that
the number of curies of each nuclide produced In the excavation ex-
plosives is classified Secret/Restricted Data. And that was what I was
referring to. I hope that that information will shortly be unclassified
or declassified by the AEC. Now the concentration of the cloud, on the
other hand, Is not classified although I don't happen to have the num-
bers handy. ' be glad to write you a letter.

5. From John Martin:

How were the worst-case fallout samples selected?

ANSWER:

The calculations were scaled from Sedan. We took many, many samples
from Sedan and analyzed them both by wet chemistry and by spectroscopy
and I simply picked the most concentrated sample that was obtainable
out of those many, many samples. And the concentrations differed per
nuclide and, as I mentioned in the paper, the concentrations were about
an order of magnitude higher for particulates than for tritium.

6. From John Martin:

What criteria were used for the tritium values?

ANSWER:

I assume you mean ICRP dose criteria. Tritium - using ody tissue as
the critical organ and 017 rems per year to that tissue.
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