UR-73-1291

NOTICH

&,(//_ 7o F07-~ ///

DISTRIBUTION OF ENVIRONMENTAL PLUTONIUM IN THE
TRINIIY SITE ECOSYSTEM AFTER 27 YEARS
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Los Alamo: Scientific Laboratory
Los Alamos, New Mexico

Abstract

The results ar¢ rresented for a radioecological survey of the
Trinity Site environs, where the world's first (July 1945) atomic
bomb was detonated. The temporal behavior of the low enviroumental
levels of the plutonium produced by this detonarion are discussed.
The data from this study were compared with similar data obtained
in the Trinity Site environs .early 20 years ago. The major change
which was observed was an increased migration of Pu inte the soils,
Concentrations of Pu in vegetation and rodents were too liw to make
valid comparisons.

Introduction

An ecological investigation of plutonium was initiated in the fallout path-

way of Trinity, the first nuclear detonation, which occurred on July 16, 1945

in southern New Mexico. Trinicty Site was cspecially interesting as a studv area
because of the "apgod' nature of the radicactive debris distributed in the area.

In addition, it was of interest to gather ecological data on plutonium in she
xeric Trinicy Site environs to compare with similar data being gathered in

several semi-mesic ecosystems at tha Los Alamos Scientific Latoratory in north-

ern New Mexico.l

The data presented in this paper were obtained from samples gathered during
one sampling period in the Trinity Sits environs on September 27-28, 1972. The
primary objectivas of this effort ware to survey the plutonium content of a faw

ecosystem compononts and tc¢ =easure the fi-id gamma radiation intensity as a
function of distance from Cround Zero ‘/GZ) so>e ?7 years after the detonation
to facilitace the design of more inteasive studics.

Mathods and Matevials

Trinity Site, a fanced area immediately arour! G2, is 'crated in the sexi-

arid northern portion of tha Tularosa Basin: ahout 4U w!les SW o~ Socorre, New
Mexico, on the White Sands Missile Range (Fig. 1). A goneral dasciinzion of

the physiography, climate, vegetation a\.? mawmnl- of (s ayreg around itnicy

Site can be found in various references.Zs<:"

A transect was established along the reported falluu® pathwiv of the
nuclear debris from the detonation (Fig. 1), utilizing maps constructeu Sy
University of California sciontists in 1948.% Nine sampling loca.ions wers

established on the transact, two in the GZ area, and the remainder at 8 w~ in-

crements to a distance of about 56 km from GZ.

One s0il core was t-ken at each location with a disposable 30 cm section
of 2.4 ecmn diameter polyvinyl chlorida pipe. The pipe and contained core froa
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Fig. 1. Sampling transect utilized for the radioecological resurvey of Trinity.

each station was sealed in a plastic bag, frozen on return to the laboratory
and sectioned into a 0-2.5 em, 2.5-7.5 <m and 7.5-30 cn segment.

A sample of the most abundant forb, grass, and shrub/tree species was col~
lected where possible and was individually sealed in plastic bags. Samples in-
cluded the above-ground portions of the grassas and forbs ani Lhe terminal
laaves and stems of the shrub/tree spacies. Dust on the plant surfaces was not
removed prior to gnalysis.

Rodents were collected with paanut butter baited snap traps and were bagged
and frozen for later dissection. Tissuec analyzed for plutonium included lungs,
liver., hide, and carcass (skeleton and skeletal muscle). Care vas tsken during
the dissection to avoid cross-contaminating the soft tissues with hailr from the
pelt.

Trinitite, the fused soil material formed by the intense heat produced by
the detonation, was also collected to determine its plutonium content and to
identify the gamma emitters present.

Analytical procedures for plutonium included a combination of wet-drv
ashing techniques utilizing a muffle furnace and HNO5~HF solutione followed by
ion exchange column logaration of plutonium, electrodeposition and alpha ray
spectroscopy for both 33pu and 23%Py. The minimum sensitivity of che alpha
counting system based upon background counts during a 24 hour period wvas 0.03
pCi 238py or 239py/sample (a = 0.0%).

All soil and vegeteation samples contained sufficiant Pu and/or were of
aufficisnt aass to reduce the relative counting standard deviation on each
sauple to less than 25 percent (1 ¢). Howaver, the generally low Pu content
and small mass of certain rodent t.issuen resulted in relative counting standard
deviations of as much as 100 percent. The standard arrors associated vith the
rodent data presentad later, reflect this fact.
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Direct wmeasurecant of radiaction in the field vas accomp)ished wvith a
Ludlum Model 12S Count Rate Meter, vhich ctilizes a Xal (T1) scinttilletion
dotoctor. for in situ environ=sntal gacna radiation weasutenents. Thie instru-
went’s readout was callbrated to give a proper "LUR/h" reading wvith 60co gaa
rays. During the survey, the instrucant wa3 held at about ) f[eet above “he
ground surface and the observed rate noted and rerorded at the respactive loca-
tions. Because of an inherent photon energy-dependent respornse, all reaZings
obtained with the Ludlui were noroalized using 10 Los Alamos Sclentific Labars-
tory envirormontal vadiation dosidetry szatinns which uv2ilfize Li¥ ther=olusis-
escent dosi{maters (TLD) for background radfiation maasurements. Dosimatric
values obtained from thesé TLD matcerials hava been shown to bde escentislly
independent of radiation energy and, therefore, provided a basis for the correc-
tion or normalization of the Ludlus Model 125 meter readings. The normaliza-
tion astumed uvnifora photon spectral distribution. The obeerved averags ratio
of TLD-determined exposure rates to the survey sster naasuresents was $.70.

Resylts and Pisgyseion

The Pu content (n’l'u and 238py,) of a2 ssmple types as & function of dis-
tance from GI i3 presented in Table 1.
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The Pu data for vegetation (fCi/g wvet) were summacised according to tha
type of plant (grass, forb or shrub/tree) to provide soms basis (eor vieving Py
concentration gradients vith distances (rom GI since none of the plants ver:

found at every sswpling stution. Grass species includad Irjdens 2!]£h?11!!-
[ovolue end Dovutelrue griopods while the ford category included

tlh!i%& » Aphanostephuy
gfgi;’ ;rn.o opccloo vere genetally less

than ca tall; che shrub/tree .poelo. vhich tncludod Attiplen conascens,
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Larrea tridentats, Lyciuo Andersoni!. Junijerus monosperma and Rhus sacrophylla
wvere genurally greater than 60 ca tall.

Thae Pu data (or rodent tissues (fCi,/g wet) were also suxmarized without
regard to species bacause the inadequate nunbher of samples did not permit a
species conparisnn and because the species composition of the catch changed
with distance (rom CZ. Species caught included Perognathys flavus, Citellus
apiiosoca, Pero=vecus rmanicylatus, P. gruei, Ony 8 leycopaster, Neogoma
@exicana and lPipodonavs ordi.

The Pu concentrations in many of the soil core segments (Table 1) wvere
significantly above background. Lavels in CI soils were as much as 10% cines
bigher than the 10-100 (Ci Pu/g which has been reported for serxral New Mexico
ares soils.? A saximum of about 260,000 £C1 Pu/g vas observed at GI in both
the 0=-1.- co and the 2.5-7.5 cm core segments. The maximum concentration io
woa-C2 soil (1442 (Ci/g) vas measured in the 0-2.5 co sagment from the 56.4 km
saspling station.

The Pu data for soils from the GZ and 0.1 ka stations cannot be coxpared
vith the data or the remaindur of the trensect because the area around GI vas
sschanically disturbed shoretly after the detonation in sn effort toc reduce sur-
face radionuclide coutaninstion. GCround Zero, for example, was coverad with at
1sast 15 c» of uncontaminated soil and the area around the 0.1 km station vas
scruped to remova the Trinitite lying on the ground surface. The high Pu con-
centration in the 0-2.5 ca segment of the GZ soil ssmple (Tabla 1) indicates
eicher 1) tha overburdening vas not successful; 2) that the covered Pu had
atgrsted to ths soil surface; or 3) that the overburden had blovn away over
the last 27 years, thus exposing the contaniasted soil.

The Pu concentractions in the 0-2.35 cm sagment generslly increased towvard
the distal end of the urlin; transsct and recched a maximum at the 356.4 ka
station. Olafson et al.®, during afforts to map the fallout zone from Trinity
also ooted that the highest Pu concentration ia soils, vegetation and small
mammals eutside the GZ are. occurred about 43 lm from O2.

The vertical discribution of Pu was relatively uniform in wost of the core
samples [rom GZ to the 24.1 km station. This suggested that Pu vhich wvas initi-
ally deposited on the soil surface as much as 27 years ago had afigrated st
least Y0 ca into the soil profile. O the other hand, the Pu in soiis from
discances graster than 4.1 k» vas increasingly concentrated in the upper 2.5
en. Olafson et al.® and Olateon sod Larson’ reported that the Pu ia Trinicy
srea eeils asbout 20 years ago was alwost exclusively confined to the top 2.5 cm
of solil.

Many factors could accoun’: Jor a differexnce in the rate of vertical migra-
tioa of Pu in soils, including differences in the chemicel and physical form of
the Pu ard/or dt[Sormu in the chemical, physical, and binlogical nikeup of
the eavironament.

The Pu concentrations in grasses vere eonstot!asly elevated with respect to
similar messurements in other areas of MNew Mexice.4»? On the other hand, the

Pu coscentrations in forb and shrub/tree samples were generally indistinguish-
abls from wvorldwide fallout P’ levels in New Maxico vegetation vhich measure
about 1-3 (C1/g vet aample.l+/ The Pu data for grasses as a function of dias-
tence from Cl generally followed the pattern which wvas obsirved for the 0-2.5
ca soil core segment (Table 1). The maximum Py concentration in grasses (768
fC1/g vei) was observed at GCZ and decreased to a minimus ¢f 5.1 £Ci/g at the
34.1 ka station. Pu conceatrations in grasses then generilly increases with
distance.



The Pu data for rodent tissues in Table 1 show a considerable variabilicy.
Sources of this variability would include arong other things, species dfrfer-
ances, the low Pu content of the tissues yielding generally poor counting statis-
tice, and an insufficient number of samples.

In general, rodent lungs had the highast mean Pu concentrations and exhl-
bited a pattern with discance from GZ that was similar to the 0-2.5 can layer of
801l and the gress. Lurg deposition of Pu suggested that resuspension of soil
may be an i{mpurtant mechanism in the biological redistriburion of Pu. Other
1nvultigai0{! have noted high lung concentrations in small free-roaming
masmals.l

The activity ratios 239p,/238py for sl1 samplu types are summarized in
Table 2. The ratics for the 0-2.5 cm snd 2.5-7.5 cm core segments avaraged 19
and 18, respectively, vhile the 7.5-30 cm segmant averaged 9. Tha asan values
for vagetarion vere about 8-12 and about 0.5-2 for rodant tissues. The signi-
ficance of the decreasing 239Pu/238Py ratio from soils to vegetation to rodent
tissues 1is not clear at this time. It may indicate that 238Pu i{n the Trinity
anvirons is more mobile than <39py.

Table 2. The "'n/’”n r'ouo is seme esesystea sOmpe~
agnts esllected in the falleut sene of the
Trinity detonstigm.

e temels X e TS

feile

2.3 o 19 3.2 | 4
2.9-7.9 e 10 1.7 ?
fansinder 9.0 3.) ¢ -
Tenstatien .

Grassee 12 3.0 1)
Toxbs 7.6 1.9 30
Shrube 8.0 1.6
Pedeate

tares R = :
5ide 1.0 0.09 16
Carea 1.7 0.65 20
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The Pu content of three samples of ;SSnitt from GZ messured 1.2 nCi/g,
1.5 nCi/g and 1.2 nCi/g with an average Pu/ Pu rezio of 21 ¥ 0.8 (1 0).
These Pu concentrations are about an order of magnitude higher than the Pu con-
centrations in G2 soils. The 24lAa concenitzations of the Trinitite samples
meaaured 0.5 nCi/g, 0.024 nCi/g !nd 0.033 uCi/g. Preliminary data from radio-
ecclr yical studies at Los Alamos® indicsted that 2h1pg may enter “iological
systems :0 & greater degree than Pu and, consequently, may be of equal or
greater importance than Pu as a contaminant in natural e systems.

A wvide variotg of addi:ional radlonuclides wvere identified in Trinicite,
including 133pg, 132 60co, 117Ce and 90sr-

The average gross gamms radiastion ~vasurezants obtained outeide the GZ sreas
were not significantly diffevent from the muasurements obtained at remote loca-
-ions or what could be considereqd to be the natural background radiation levels
tor the central New Maxico area.’ Mesasured values of radiation also fall wichin
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the range of 12-20 uR/h suggested by Cowanl?d as being normal for the northern
White Sands Missile Range elevation depending on th2 geological composition of
the earth's crust. The measured values within GZ werc significantly above
background levels and approached a maximum of one mR/h under r:a measurement
circumstances notied previously.

Results of this prelinlnary investigation indicated that the general pattern
of Pu distribution in soils, vegetation, and rodents as s function of distance
from GZ was siwilar to tte findzags of LeitchS and Olufson et al.3 However,
thers has bean an increased migration ¢f Pu iato the soils since the last mea-
suremants wvere made about 20 years ago. Concentrations nf Pu in all sample
types of the present study wsre generally similar to the findings of 20 years
ago at Trinity Sire. However, the limited number of samples analyzed in the
present study does not allow an adequate comparison, and mote refined studies
are currently in progress.
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