
IJR-’73-M91

7

..-

.

&/f- f3@4’7-- /4

DISTRIBUTION @F E,NVIROh?tENTALPLUTONILRlIN THE
TRINII”f SITE ECOSYSTEMAFTLR 27 ‘fEARS

Thomas E. Hakonson and LaMar J. Jolmson
Los Alamo& Scientific Laboratory

Los Alamos, New Mexico

Abstract
. . .

l%e results arr Tresented for a radioecological survey of the
‘Trinity Site environs, where t$e world’s first (July 1945) atomic
bomb was detonated. The temporal behavior of the law ●nvironme~tal
levels of the plutonium produced by this detonation are discussed.
The data from this study were compared with similar data obtained
in the Trinity Site environs dearly 20 years ago. The major change
which wna observed was an increased migration of Pu intr? the soils.
Concentrations of Pu in vegetation and rodentn were too lW to make
valid comparisons.

Introduction

h ●cological investigation of plutonium was initiated in the fallout pat5-
way of Trinity, the first nuclear detonation, which occurrad on July 16, 19$5
in southern N@wMexico. Trinity Site was capecially Intareating as a study ●raa
bacausa of the “a~od” nature of the radioactive dabria distributed in the area.
In addition, it was of interasc to gather ●cological data on plutoniun in :he
x~ric Trinity Sits environs to compara with similar data being gathered in
savc:al semi-mesic ●cosyetcma ●t tha Los Alamos Scientific Laboratory in r,o:th-
arn Naw Yexico. 1

Tha data presmttd in this pap~r wart obtainad from oamplaa gathered duriag
ona sampling period in the Trinity SIie ●nvirona on September 27-28, 1972. rr14
primsry objcctivas of this effort wcro to survey tha plutonium cocitant of a faw
●cooystom components ●nd tc :-asura cha f~.’jd Samma radiation Intanaity as ●

function of distanca from Cround ?aro !CZ) sort ?7 years ●ftar cha detonation
to facilitate cha design of mora intmsaivc ?tudxcs.

Mathods ●nd Mat~-ials—.

Trinity Sits, a fancad ●rea immadiataly •rou~< b;, is )ccatad in the #u=i-

.

/

●rid northern portion of tha Tularosa Basin about 4U mil~a SW Q- Socorro, S~v
Maxico, on cho Whita Sands Blissila ~nga (Fig. 1), A Bcnbral d~sck!ption of
tha phyaiography, climate, vegetation •~,+ rpa~ls of ::* •(~a ●round lk~nicy
Slta can be found in various rafarcncas,z~+~ ‘

A tranaoct wtis ●stablishcd ●long tha roportad tmllo~- p~tw!v L? cha
nuclear dabrio from th~ detonation (Fi8. 1), utilizing maps us~.~trk’tcti $y
Univcroity of California eciontiats In 1948,5 Nin@ sampling locaL40rt8 h’e:i

●stabliahacl on tha transact, two in tha CZ araa, ●nd tho ramsindar ●t q h,= An-
cramants to ● distanca of about 56 km from CZ,

On@ soil core was t;kan ●t ●ach location with a dispoaablo 30 cm scctian
of 2.4 cm diamotar polyvinyl chloridti pipe, Tha pips ●nd contained core froa
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Fig. 1. Smp?.ing transact

●ach station wan sealed in
●nd sectioned into ● O-2.5

utilizad for tht radioecological rasurvay of Trlrdty.

● plastic bag, frozm on return to the laboratory
em, 2.5-7.5 cm ●nd 7.5-30 cm sogmant.

A ●amplt of th~ TKMt abundant forb, graas, and ●hrub/trc@ 8pocio8 vm col-
lactad where possibla and was individually ●aalod in plastic bags. Sa.mplas in-
cluded tha ●bove-ground portion. of the graasas ●nd forbs m-i ~ha tmainal
leaven and stereoof the shrub/craa apQciea. Dust on tha plant ●urfacas was not

rmcwd prior to analy~ia.

Rodanta w,rc collactad with pamut butter bait-d snap trap. ●nd warg batgad
●nd frozen for later diamoction. TisDum ●nalysad for plutonium included lung.,
livar. hid., and carcass (skaleton and akolatal muscle). Cara wa. taken during
tha dissection to ●void cro$o-contaminatirq tha #oft tiaauoo with hair from tho
pelt .

Trinititc, tha fusad ooil matarial fomod by tha Intanoo
tho d~tonation, waa ●lso collactad to dat~mina ico plutonium
identify tha samm ●lttsrs prooant.

heat Producod br
contont snd to

Analytical procaduras for plutonium includad ● combination of wat-dry
aohins cachniquaa utilixint ● mufflt funaco ●nd HNO-HF ●olutione followed by
ion ●xchansa coluom sa ●ration of iluconium, ●lcctro ●pooition ●nd ●lpha ray

!3~pu~nd 23~Pu.opactroscopy for both Th9 alnimum oonsitivity of cha ●lpha
counting syatcm baaed upon background count. durina ● 24 hour period wa. 0,03
pCi 238Pu or 239Pu/omplQ (a = 0.05).

All ooil ●nd vag~tation aamploa contaiaod auffiaiant PU ●rid/or tmro of
oufficiont ma.. to raduc~ tha calative countina standard daviatlon on ●aah
oampla to hso than 25 parctnc (1 u). HoWvar, tho San@rally lW PU contaat
●nd ●all maos of cartain rodent tissuom rocultad in rolativa countinc ●tandard
daviationo of ●s much ●o 100 ptrcant. Ilm otmdard arrora ●soochcod with tho
rodant data prtsantd later, r,flact thie fact,
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ef ?l&d@tarmln@d ●xp&ure

TIM PU Cootmlt (z’%
tamca fcm (X is pramamted

ratas to cha ●irv8y mac8r ma4sur89mcm WRSj.70.

4A z%) of all alo Cypas W ● tuactlom of dlb-
in Tqblc 1.
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TM h corumctaciotto la may of CM -11 core cogmsnto (Tabl. 1) -r.
●l~lrlcmcly ●bov, backgrotmd. L8V91B La u 8oals wre &9 ml’ch 88 ld t-a

hi-r than CIM 1O-MO fCl Pu/# which has h raportcd for saural W Hoxlco
●rw 9011s. 7 A Mu- 01 mboac 260,0W CU ?u/8 -a obsarwed se CZ in both
tbm O-2. - C9 mad th.9 2. S-7. S cm cor9 89-9. W uxi.mm coocemtraeio9 im
eon-CZ DOil ‘i1442 tC1/g) uas masurd in CM 0-2. S CE m-t fra cba 56.4 km
Qliag SCacloo.

7k mrtial dlscributioo of Pu was c~lativoly mifom in mt of tha C-O
~1~ f- GZ tO th 24.1 b StUtl~m This ~csd that Pu Uhich W89 lniti-
a.lly dopocicti m tba soil mrfu~ as -h as 27 wrs sw had migrated ●t

hut M C9 hto tk soil profllo. ~A tha Otkt bad, tb ?u in ●oih f-
diotaatc9 Sraatar than 24.1 km was lucr~l@y conc~tracad in th upp9r 2.S
w. oAafm ●t al. t ●d Olatooa ad urwn~ topormd that tb Pu la Trinity
sroa .0110 about 20 yur. ●- uu tit UClUSiv9Jy comtin.ed to tha cop 2.5 c8
●f cdl ●

kny fsators could ●ccmm: ?or ● d9ffarmco in tha rat. of vartleal m,Qra-
clom of Pu la ●O11O, lncludi.et difforoacos in tha chadcal and physical fom of
tha Pu amd/or di ‘@rmcoo in CIM chmleal, pltyciual, and binlotkal rnkkoup of
eb9 onvlronmmt. [t

Iha Pu aofumtratloao la trasooo tmra uondot
f%

ly .lavat* vlth raopoac to
●imllar uasuronacs in othor ●rea. of MU Mxico. o ~ tha othar hand, tha
Pu aoaeontratloas in fotb ●nd ●hrub/troa MWIOO wro gomrally lndlotinguiah-
●bls froa wrlduido fallout P Iovol. in W IMxico wgotaclon which maamm
●but 1-3 fci/g we SQ1OA Y Ttta ?U data for gramao ●. ● function of dis-
two from GZ gonarally Iollowd CIM patcam which was obo+- for the 0-2.5
C9 00i~ CO~O 00~t (Tabla 1). Tha Mxiw Pu concmtracion in trasom (768
fC1/8 WC) was oboorvcd ●t CZ ●nd d~cr~aaad to ● ●inimum uf 5.1 fCi/8 at tha
24.1 ti scatiom. ?U concaatratiom in Cra.som thm ac~rtlly incroaoao with
dlotmco.
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The Pu data for rodmt tissu,s in Table 1 show a considarablo variability.
Sources of this variability would include ●mng other things, spacits djiftr-
ttncas, the low Pu contant of the tlssuas yialding generally poor counting statis-
tics, and an insufficimt number of samples.

In gameral, rodent lungs had the highast mean Pu concentrations and ●xhi-
bited ● patcarn with distanca from GZ that was similar CO the O-2.5 cm layer of
soil ●nd th~ grcss. Lurg deposition of Pu suggostad that rasuspcnsion of soil
may ba ●n important mechanism in the blolo~fcal radistriburiou of Pu. Othar

hava notad high lung concentrations in SMII froc-roaming
=X!:f:I~

The ●ctivity ratios 239Pu/238Pu for ●ll ●mplti types ●ra ●~rized in
Tablo 2. Tha ratics for the O-2.5 cm ●nd 2.5-7.5 cm core ●ogmoucm ●vera8ad 19
mud 18, raspoctlvoly, whilo the 7.5-30 cm se~nt ●mraged 9. TIM ‘mean values
fer vm~atation were ●bout 8-12 and ●bout 0.5-2 for rod-at tissuas. The signi-
ficance of the decrcasln~ 239Pu/2~Pu ratto from soils to vegetstiom to rodant
tissues is not claar ●t this ime.

$
It -y indicate tkt 238h in th9 Trinity

8nviroru is -r. mobila thmn 39~*

.

a-t.s a a.a 9
8.s-1.s 9 :: 1.?
-Adu 900 a.a :

●
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The Pu content of thraa suplco of
1.5 nCi/g and 1.2 nCi/g with an ●vcraga
Thaoo Pu-conccntracion= ●ro about an ordor of wgnituda hi8hor than tho Pu con-
cmtrations in CZ soils. fi~ 241~ concanl~ations Of thO Trinitito •~la~
waaurod 0.5 nCi/g, 0.024 nCi/g nd 0.033 nCi/C.

!
?ralidnary data from radio-

GCOlt~ical @tudi@a at bo ~amos indicated that 24k my ●ntcr biological
●yotcms to ● greater dqr.a than Pu ●nd, consequently, may b. of ●qual or
Sraatar kportanco than Pu ●o ● contaminant in Mtural ● oyotams.

A wida variat of ●dditional radlonuclidas wera idontifiad in Trinititc,
including 1338a, 1~20 15S~u, 60~, 1.17cs .~ 90Sr-9~0

Tha ●varaaa groso gamma radiation maouramantc obtained outoida tho U ●raa
wera not oi~ificantly diffctmnt from tha muasuramnts obcainad ●t romotc loca-

iono or what could ba considara
$

to bc th, natural background radistion lovals
Ior tha cantral WV Mexico ●raa. Haasurad valuas of radiation ●lso fall within
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the rang. of 12-20 ~R/h suggested by Cwnn13 ●s being normal for the northern
White Sands ?Usstle Range elevation dupend~ng on cha geological composition of
cho earth’c crust. fie measured values within CZ were significantly ●bove
background levels and ●pproached a maximum of one mR/h under r% msasurmant
circumstances notw! pruviou81:/.

Rasults of this prullklaary investigation indicated that the general pattern
of Pu distribution in SO118, vegetatio~, and rodants as ● function of distance
from GZ waa simihr to tt.e find:aga of Leitch5 and Oiufsm ●t al.g Huvhver,
tharm has been an Increased migration cf Pu into the soils sinca the last mea-
surements were made ●bout 20 years ●go. Concentrations of Pu in ●ll aamplc
typas of tha present study wsrs ganarally similar to the findings of 20 y~ars
●go ●t Trinity Site. Mowover, tha limited aumbar of samples ●nalyzad in th,
pr-mt study dotrn not allw ●n ●daquat~ comparison, ●nd mro rofincd ●tudics
●ro curr8ncly in prograss.
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