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- - : ABSTRACT * . • '

Accumulated plutonium fallout in the north central 
and southeastern sections of Utah was measured in 
soil samples collected in June 1971. The maximum 
values in Utah of the deposition (mCi Pu-239,240 per 
km^) and deposition .concentration (mCi per km^ per 
cm of precipitation) were 2.2 and 3.S times the ^«^M'.?T~•^■rx*»«exvrn^rr¥•~’-..'--x’:'!n4■--■*^r^a**■■•■•'• •* *-'*"**^.r-~rr^r-=- * 
maximum values anyoneUnited
States^. By comparing the Pu-239,240 to Sr-90 
activity ratios of the Utah soils with the average

• activity ratio of .32.Northern Hemisphere soils col­
lected in -1970-71, we estimate that up to 60 percent 
of the total Pu-239,240 activity deposited at seme 
Utah sites was from a source other than the stratos- 
'pheric reservoir. Soil samples taken at a -site near’ 
the University of Utah from 1959 through 1971 reverie' 
that the excess olutonium was delivered orior to.1959 
Mass isotopic analyses indicate that the Nevada Test 
Site, is the probable second.source and that about 3.5

J mCi Pu-239,240 per km^ or twice the level expected 
from global fallout, deposited in the Salt Lake City 
area from NTS. Excess plutonium was not evident at 

’ " sites north‘of Salt Lake City and due east in the
• . • valley regions beyond the Wasatch range.

INTRODUCTION ’ ’ ’ " ’ ' "J ' * - •

. Presently’ there is considerable interest on the part of

Atomic Energy Commission and affiliated laboratories in docum 
• • . V • *•*■. •• • . .•»•..■ • • • • • X *•' ♦ %.*• *••• • • • . • * ’ • - . * •

current levels of plutonium in the environment. Most of the

’240 on the surface of the earth arrived as fallout from atmos



nuclear weapons tests-. The accidental destruction of a SMAP

generator in April 1564 resulted in the dispersal of Pu-233 which

•Bea-sly—tripled the global deposit of this isotope by 1970 (1) . 

Localized"contamination by weapons grade plutonium, has occurred 

in the Rocky Flats region near Denver, 'Colorado (2) ancj £n the 

vicinity-of Palomares, Spain (3) and Thule, Greenland (4; . The 

Health and Safety Labora.tory has measured the accumulated deposits 

•of plutonium at many sites throughout .the world through the col- -

lection and analysis of soil samples (1). Depending upon latitude 

and climatic conditions, the deposits of Pu-239,240 for example, 

vary' from 0.7 mCi per km2 to 2.6 mCi per km2 in the conterminous 

United States as shown in Figure 1.. . . / \

• In June 1971 a special soil survey was made in the north 

central and southeastern sections of Utah to investigate unusually 

high Sr-90 fallout (5}. The samples were also analyzed for Pu-239,

of soil samples collected in Salt Lake City-since 1959indicated— 

that plutonium from a source other than the stratospheric reservoir #■>«••—«w~w*k > ■•.—^-*-*»nn,'JRO«i.—-* .—rw-s^-. WI'I<*« !»;«■»»» rwtu-.vT^rsM.. ^. .^...^. .. ,. . ^ .. .. _..'._«»_:—-s ••“••—•• ■ - »• .*. . - ■“—'• '* ' •
had significantly contributed to the plutonium fallout. In this 

resort we discuss the available data on “lutecium fallcut in Utah

and nresent the evidence to demonstrate this second source.





1971 SOIL SAMPLES" ' ' ’ ’ ’ ' ' • •

• Thirteen sites wero ‘SQmoled in Utah during June 1971-. 

Figure 2 ~shows"the locations of these sampling sites. The pre- 

dominant topographic features of the state-are illustrated by

*r, • the, shaded altitude contours. Five sites were- sampled west of

the Wasatch range (Kos. 1 through 5), four in valley areas east 

jh;’ of.Salt Lake City (Nos. 6 through 9), and one at relatively high 

elevation in ’ the Uinta Mountains (No. 10) . Samples were also col­

lected near Moab in southeastern Utah about 200 miles from

_a=j« Salt Lake City. Site Ko. 11 is in the dry Spanish. Valley, site 

No; 12 is at higher- elevation in the Manti-Lasal National Forest, 

and site No. 13 is in a valley area to the south east of the 

mountains. . . . , . , ’ ; \

The sampling method has been described in detail elsewhere ^ 

One thousand gram aliquots of the samples were acid leached using

■J. Pu-235 as a .tracer and following separation and'electrodeposition, 

the Pu-229,240 and Pu-233 were determined by alpha spectrometry(7). 

It is not possible to distinguish between the activities of Pu-239 

and Pu-240 by alpha pulse height analysis because their energies 

cannot be resolved. The large aliquot sisc was necessary to 

measure the activities with' counting errors of-5 percent or less.





The plutonium, analyses ware'carried out by Teledyne Isotopes, 

Palo Alto, California. Pie sampled to a depth of 2 0 cm to insur 

that all of the deposited plutonium and Sr-90 was collected /$*

Duplicate soil samples were taken at site 3, the Universit 

of Utah in Salt Lake City to reflect the overall sampling and 

analytical reproducibility. Table 1 shows that the cumulative 

Pu-239,240 and Pu-238 deposits were measured with precisions of

assumed

error terms associate ~\vl 11* oll’<k« mxesxSu.i.eu-.^.„ts made in this

study are on the order of 10 percent.

.The plutonium data for the 13 sites arc presented i~ 

’•■ Table 2. The isotone ratios, Pu-239,240 to Sr-90 and ?u-233



CUMULATIVE DEPOSIT OF Pu-239,240 AND Pu-230 IN 1971 UTAH SOILS .

Map 
Site 
Ko. Location Site

Mean
Ann.

Precip. Alt. mCl per km*
Ratlog 

Pu-239,240 
’^3?-90' Pu

J>u-2J9. 
^239,240

mCl Pu~239,340 
per k.v2

______ oer ("ii_

I

1

(cm) (ft.) Pu -239,240 Pn-230

Site s i^$jL_ii£L.yi2_ Wasatch Mtns.
f

1 Provo Utah State Hospital 39 4600 5.0 0. 14 . 0.062 0.024 0.15
2 Salt Lake City Liberty Park 39 *. 4 300 4.1 0.11 0.040 0.027 0. 11
3 Salt Lake City \7niv. of Utah 41 4000 ♦ 5.2 0. 16 0.047 0.031 0. 13 . J \

4 Ogdon Cache Hat‘l. Forest 53 • 5200 5.5 0. 20 0.030 0.026 ‘ • 0.10

H

5 Brigham*

•

Tabernacle 46 4500 2.9 0.14

Valley Aroan Eaut of Salt Lake City

0.032 0.048 0. C6 
• •

•

k .*•

6 Heber Tabernacle “ 43 • .5600 , 3.0 0. 094 0.042’ ’• 0.031 0.03H1' 
O • 7 Marion cemetery 63 6600 4.6 0. 15 0.031 0.033 0. 07 1 ■

H 0 • Wanship Rockport Lake • ’ 42 6100 * 2.9 0. 12 0.031 0.041 0.07 ;
9 Henefer , meadow 30 5500 2.9 • 0.12 0.035 0.041 o.pa |

•
1 . ‘ 4 * Mountain Area •

10. Uinta Mtns. Trial lake ’• 76 ; 9500 < 2.7 r 0.11 .. 0.034 0.041 0. 04

♦ 9 * MQab Area
* ••

)

11 Spanish Valley , D.LJU area . ■ 20 • ' . 5300 3.0 1 0.084 • 0.045 0.020 0.15
12
13

Manti basal N.F#
Manti basal 1MM

Geyser Pass • 
basal G.S.

01 ’
. . 41

9500 ' • '
•s 7400

3.3
2.3

p 0.11 •
:* 0.093

• 0.04Q
* 0.031 . .

0.033
0.040.

0.04
0.06 ;
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to Pu-239,240 are also included well as

• precipitation and altitude for each .site

REGIONAL VARIATIONS IM PLUTONIUM F

The most stri non xs

posits of ?; s

the highest plutonium fallou other sites the

United States less

(Site 1). and the lo-

site 13 in

areas of the-Un

Figure 1) .

9 •- was Prov;

2 .3 mCi ^-239/240 pe<

even more dramatic w we

imitation is the -oredominan

tides are brought down to the e

. surface/.^) . Dividing by the mean annual precipitation, for each 

site, the average Pu-239,240 deposition concentration for sites ' 

through 9 (last column of Table 2) is 0.09 ± 0.03 mCi per hm- pe. 

cm. Figure 3 shows that the deposition concentrations in other 

areas of the United States range from 0.01 to 0.05 mCi per km2 

per cm. In the present samples, only the high mountain sites 

(Nos. 10 and 12) approach the values found outside of Utah.





• ANOTHER SOURCE OF PLUTONIUM FALLOUT /

Comparison of the Pu-239,240 to Sr-90 ratios measured in 

tho Utah soils (Table 2) with the average ratio of 0.028 ± 0.003 

found for 32 soils collected in the Northern Hemisphere in 1970- 

incicates that another source of plutonium has contributed to th 

deposit at some of the Utah sites. , .

The-contributions.from, global fallcut and this Other source

were calculated for each site as a first approximation by the

follcwing equations and are reported n T,

(Pu)
0 .028 

R

ana

(Pu) 2 T

where (PU)2 239,240 activ

from global fallout; from the additional source, and the.total 

measured activity, respectively, at each site. The symbol ?. is 

the measured Pu-239,240 to Sr-90 ratio.

It is clear frem Table 3 that significant amounts of excess 

plutonium fallout occurred at Provo and Salt Lake Citv (sites 1 
t||| f|).. _ - - _ _ - _ i-i, j-i-^ • —^.—»nr4, |_ .i . - - . .--_,- -.—.—• - - —*•} *

• through. 3} and probably at Heber (site 8} as well, as sites 11 an 

12 in -the Moab area. It appears that little if any excess plu­

tonium fallout occurred further north of Salt Lake City (sites 4



Map 
Site 
No.

' . ir.Ci Pu-239,2
• ’ • Per kin2

Location Site Global Exc

'-•-••• Sites West or Wasatch Mtns.

*••

•5
' 4\ ’

. 5

Provo . Utah State hospital 2.6=0.4 3.2
Salt Lake dtv ' Liberty Park . 2.410.3 1.7
Salt Lake City Univ, of Utah 3.110.4 . 2.1

• Ogden Cache Nat'1. Forest ,5.010.7 ’ 0.5
Brighan ' • . Tabernacle 2.610.4 0.3

•'• ' Valley Areas Fast of Salt Lake Citv

6 '
7
'8
9

Heber . . Tabernacle \ . 2.010.3 1.0
• Marion cemetery 4.210.6 0.4
Wanship ’ Bockport Lake ’ ’2.610.4 0.3
Henefer •- meadow • • 2.310.3 0.6

• t •’ ■ ■. Mountain Area ’ '

io‘ Uinta Mtns. Trial Lake , 2.210,3 0.5

/ ' MOAB Area ' • ’ '

11
12 

.12 .

Spanish Valley 3.L.M. area 1.910.3 1.1
Manti Lasal N.F. Geyser Pass 2.310.3 1.0
Manti Lasal N.F. Lasal G.S. . ’ 2.110.3 0.2



and 5) or in the valley areas due east cd Salt Lake City (sites 7 

through 10) . Table 3 indicates that at seme sites this excess . 

plutonium fallout contributes up to 60 percent of the total 

measured deposition . ’ ' ' ' —~ . •—•.   •-

• ' ' - ’ CHRONOLOGY OF PLUTONIUM DE?OSITZO^ _ •.

We were fortunate to have in storage, aliquots of soils sam­

pled at the University of Utah site from 1059 through 1965 . Thes 

were sent to Teledyne .Isotopes in Palo Alto for plutonium tndysi 

The data are presented in Table 4. The Fu—239;240 to Sr-90 and •

the Pu-233 to Pu-239,240 ratios are also given." The Sr-90 data f

this site were reported in another nublicaticn (5) , .' •- £

Sampli 
Year

-• * ’" .Table 4
- CUMULATIVE DEPOSIT GF PLUTOMIUM

- 1971
Ra

Pu-2 39^^45 
——'"ySr-90

tics '
Pu^23jL_

Put239,240

University of Utah: 1959

ng Time mCi per km2
Month R:-23S.240 ’ Pu-233

- -

1959 Oct. . 4.2 6.094 0.11 0.022
1960 Oct. . b'.o"* 0.091 0 .10 0 .024
1962 Oct.. 4.2 0.11 0.086 0.02 5
1963 Aug. 4.5 ’ 0.11 0 .060
1964 Sept. 4.9 . • 0.11 0.043 0.023

11 •196 5 Sept.’ 4 . / 0 . r 2 0 .045 0..023
1971 June 5.2 0.13 0.043 0 .03 0
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2.7 mCi oar km^ as the global 5aLlc.it: component of one Pu-239 . * 4»

240 deposit. The difference frca the total measured pin tonic, 

deposit is 2.5 mCi per km^ which is the contribution from the 

second source. This second source may well be the Nevada Tes 

Site. Similar calculations can be made from the monthly Sr-9 

deposition data at Salt Lake City from'1959-1971 ^2' to give 

reasonably comparable estimates of 2.3 and 2.9 'mCi Pa-239,240 

km^ as the global, fallout and second source components, respe; 

tively. ‘ .-.'.O-Ui. : •*. .-\ • ...... v : •--. . .••

It has been demonstrated that mass’, snec trams trie analvsi;

of plutonium in soil can differentiate between global fallcut 

plutonium and plutonium from another source(-3) . Table 5 ‘gi\ 

the Pu-240 to Pa-239 mass ratios of the 1971 University of Ute 

the-global fallout reference sample collected at the Srockhave 

National Laboratory and three surfa.ee soil samples from areas

could not be entirely ’from dicoal fallcut.

5aLlc.it
surfa.ee


Tab J. ft 5

MASS TSO^OrL

Soil S<t r^v>I -2

2 22£££ •) T V-1 J* Q h’ • '

Pu-240/Pu-239

Salt Lake City: Univ, of Utah 0.0845 ± 0.44%

Global Fallout Reference (a) .0.1801 ± 0.24%

Surface Sample No.1. from NTS (b) 0.0497 ± 0.4%

Surface Sample No.2 from 
(Project '57 area)

NTS ft)' 0.0628 ± 0.2%

Soil Sample No.3 from NTs(=) 0.0539 ± 0.4%

(a) collected at Brookhaven National 
'Laboratory, 1970 . . '•

(b) samples supplied by Mr.G. Hamada, 
Reynolds Electric i Engineering Co., ’

'Las-Vegas, Nevada

(c) G.M. Leies., AFTAC, Dept, of the Air Force, 
Personal Communication, May 1972

Krey and Krajewski(33} derived an equation to calculat 

the relative mass contribution of a second source of pluton 

to global plutonium. Modifying this equation to give the



■ ?a activity from 9lobal fallcut C2 - C3 ( 1 + 3 .60

where: ' • • • . . • • . . . •

Cj_ = Pu-240 to Fu-239 mass ratio-from global fallout .

C2 = Pu-240 to Pu-239 mass ratio in Univl of Utah soil.

C3 = Pu-240 to Pu-239 ...ass ratio from second source

We can calculate the relative plutonium activity contribu 

tions of the two source frem.the above equation, provided that th 

constants are evaluated. From Table 5: Ch = 0.1801, C2 = 0.0845 

and-C3 = 0 .05.' This approximate assignment of C3 assumes that th 

second source was either debris from some of the safety tests in. 

which plutonium was physically dispersed or tests in which little 

fission occurred. The three-soil samples in Table 5 were collect 

in areas contaminated mainly by debris from safety tests. From t 

assignments P. = 2 . Since the measured plutonium deposit from Tab1 

was 5.2 mCx per km-., the global fallout plutonium =1.7 mCi per k

and'rdutenium from the second source =3.5 mCi nor km-. This as

mate-o'f the second source contribution i^ cnlv about 1/3 creator



■ PLUTONIUM FALLOUT 1NT OTHER AREAS mMM**^*.^.-^^^.--^^..^^^.^^.-^^^^*-^-^^-^.^. |

We showed in Fiacre 1 and- Table 2 that the accumulated 

Pu-239,240-deposit in other s-reas of the United States is le 

than in the Salt Lake City area. Soil samples collected in 

City, Utah in 1963,c4 and 65, and previously’ analyzed for Sr 

were subsequently analysed for Pu-239,240. Cedar City is ab 

225 miles sou th-southwest of Salt Lake City and about 175 mi 

east of the Nevada Test Site. It is in a lower rainfall are

than Salt Lake City and the cumulative plutonium fallout was 

about % of that observed at Provo and the University of Utah 

can be seen from Tables 6 and 2_r The Pu-239,240 to Sr-90 ra 

however, indicates* that some plutonium from the Nevada Test 

must have fallen out here also. ■ On the other handf^Bp.oeman,, 

’Montana (340 miles north of Salt Lake City) , Rapid City, ’S*^—W^**>*^ •’. • v^^’'»*^~'^*>ww~.*

South Dakota (500 miles northeast), and Denver, Colorado (36 
<WW«m#».~wHW''*****^***^^ ^^ W^®*^****4*^^*-* ******

miles east) showed no evidence of-a second source of plutoni' -»TJ1._J . — ,^-, IL-.- .-^Mi-.»-^W«w>,^h».. ; -,«w—««<U-''^*'»-’ • V~’^^ - ,<—. LL^n —T>~r.^ “" ^XS-^eTM^r--,-^-.

The Pu-239,240 to Sr-90 ratios for these last three regions 

were essentiallv the same as we found for other areas of the



world, where only global fallout had occurred. These data

'emphasize our earlier-.suggestion .that'plutonium from the Nevada

.Test S ite did not deposit north of the Salt Lake City area or

. ’ furthe r east than the Utah -.Colorado border.
• • • e* ♦ • • . i * * •

Table.6
••

/GUMULATIVZ DEPOSIT OF PLUTONIUM
AT OTHER SITES

■ Sampling Time . mCi ?u239,240 ^239^243^ 1

■ Year Month • ner km2 • •

Cedar City, Utah
annual precip.: 23 cm

1963 Sept. .1.4 0.044
1964 Sept. '*1.5 0.043- •/• • • -

i 196 5 Sept. 1.4 0 .03 3

•-53*38#$ y ' Bozeman, Mon.tana
annual precip.: 43 cm r“

**“4S,-»-ai»? 1965 Sept. . 1,9 0.025

• ■ Rapid City,’South Dakota ’ •. ’
annual precip.: 45. cm

• w • 196 5 ^U?U2C>
•

• --•’••—*-•’• —
Denver, Colorado

annual precip.: 37- cm

1955 ■ Sept. 1.5 0 .024
1970 Oct. '1.3 0.027
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A series of 7 soil samples collected between 1959 and 1971

, at the University of Utah showed that the cumulative deposit of 

Pu-239/240 was higher than expected from global fallout throughou' 

theentire period. This indicated that prior to 1959, plutonium

•from a second source-presumably the Nevada Test Site - contaminate 

the Salt Lake City area. A component analysis of the Pu-239,240 

fallout demonstrated that a chronic contamination through resuspe- 

sion could not have■taken place after 1959. Vie estimate that the 

excess plutonium fallout at the University of Utah is equal to or 

perhaps a factor of two greater than the global plutonium. This- 

estimate is supported by the mass ratio of Pu-240 to Pu-239 mens-

■ ured in the University of Utah soil compared with the mass .ratios 

of global■fallout and debris from the Nevada Test Site.

It is possible that our estimates of the second source plu­

tonium fallout are low because the soils were acid leached. Some 

fraction’.of. the plutonium in Nevada Test Site debris is not acid

• extractable although'wo. have no supporting data for the Utah soils 

Nevertheless, global fallout plutonium can be acid extracted.from 

soil (3) and so our estimates of plutonium from this source are 

probably reliable. . • - : ■
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