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Abstract 

This paper describes an ecological investigation cof 
plutonium in the Los Alamos Scientific Laboratory environs. 
Data are presented on the distribution of plutonium in tftie 
alluvial sediments , water, vegetation and rodents from 
Mortandad Canyon, an area which has been used for liqniid 
waste disposal for 10 yea r s . 

Introduction 

A survey was initiated during 197 2 to determine the concentrations of 
liquid effluent-associated radionuclides in the alluvial sediments, water, and 
some of the natural biota in waste discharge a r e a s . This paper will summa­
r ize prel iminary findings on the distribution of " ° P u and 'Pu ira Mortandad 
Canyon, an area which has been used as a liquid effluent disposal a rea since 
1963. The data were obtained during a one-week sampling period in October 
1972. 

Methods and Materials 

Mortandad Canyon originates in the western portion of the Laboratory 
property at an elevation of about 2225 mete r s above sea level, and terminates 
about 15 km from its origin in the Rio Grande River on the eas tern edge of the 
Laboratory property at an elevation of about 1700 m e t e r s . 

Radionuclide-bearing liquid effluents from a waste treatment plant lo­
cated on a mesa adjacent to Mortandad Canyon enter the s t ream channel at an 
elevation of 2200 mete r s near the origin of the canyon. The input of waste 
water over the last 10 years has been relatively constant at about 200 kiloli ters 
per day. The effluent water along with a continuous supply of uncontaminated 
water («50 kl/day) from a steam plant situated at the head of the canyon, moves 
as surface water over thin alluvial deposits (<30 cm deep) for a distance of 
from about 500 - 1300 mete r s below the effluent outfall (post-outfalli. The 
effluent disappears into the alluvium and the remainder of the s t r eam channel 
is dry at distances beyond 1300 meters post outfall, where the canyon and 
3tream channel widen with a corresponding increase in alluvium depth (>30 cm). 
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It was estimated that about 40 mCi of ' Pu was released into Mor-
tandad Canyon from 1963 to 1973; and furthermore, that since 1970 at least 80 
percent of the plutonium activity was " ° P u ( " ° P u / ' P u = 4). 

A permanent sampling network was established in the canyon during the 
summer of 197 2 at points 100 and 200 m above the waste discharge outfall 
(pre-outfall) to serve as a source of "background" samples and also at 0, 20, 
40, 80, 160, 320, 640, 1280, 2560, 5120, and 10, 240 m below the outfall 
(post-outfall). 

Surface and ground water, sediment, vegetation and rodents were col­
lected from the s t ream channel area in the canyon uring collection techniques 
which have been described elsewhere. 

Samples were subjected to a hydrofluoric-nitric acid leach, an ion ex­
change separation, electrodeposition, and alpha-ray spectroscopy corrected 
foi yield by use of t r ace r quantities of Pu and 2 4 3 A m to quantify the plu­
tonium content. 

The plutonium content of all sample mater ia l s except rodents was suffi­
cient to reduce the relative standard deviations of the determination to less 
than 30 percent (based on counting stat ist ics) . However, the generally low 
levels of plutoniurn. in rodent t issues in combination with the small sample 
masse s resulted in relative standard deviations usually greater than 30 pe r -

5TO 230/ 
cent. The minimum detectable amount of Pu and 7Pu based on a 23 hour 
count was 0. 03 pCi/sample (a = 0. 05). 

Results and Discussion 

238 The Pu content of water, vegetation, and the 0-2.5 cm layer of the 
alluvial sediments as a function of distance from the effluent outfall in Mortan-
dad Canyon is presented in F ig . 1. The data for " ^ P u which behaved similar 
to that shown for 2 3 8 P u in F ig . 1, can be inferred from * , 3 8 Pu / 2 3 9pu activity 
rat ios presented later in Table 2. The data for vegetation were grouped ac­
cording to growth form (grasses , shrubs, and t r ees ) and the grouped data were 
plotted as a function of distance post-outfall. All of the g rass samples ana-
yzed were of the genus Poa with the exception of the 5, 120 mete r post-outfall 
sample, which was Bouteloua graci l i s . The shrub category consisted of 
Ar temesia tr identata, Berber is fendleri, Chrysothamnus parryihowardi , 
Ouercus gambelli, Prunus virginiana, Salix spp. and Rhus t r i lobata . Tree 
samples included Acer negundo, Juniperus monosperma, Pinus ponderosa, 
Pinus flexilis and Pseudotsuga taxifolia. 

It is apparent from the data in F ig . 1 that the chronic input of low level 
radioactive liquid wastes into Mortandad Canyon over the last 10 yea r s has r e -

j i o 23Q suited in °Pu (and 7Pu) concentrations in some post-outfall samples which 
are two to three orders of magnitude higher than corresponding pre-outfall 
samples . Maximum concentrations of plutonium in all samples occurred within 
160 me te r s post-outfall and concentrations then declined steadily with distance 
to near pre-outfall levels at the 5, 120 and 10, 240 meter post-outfall sampling 
station s. 
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Stream channel sediments clearly arc the major reservoir of the waste 
plutonium (Fig. U. Levels of both isotopes increased from less than 0. 5 
pCl/g dry at the pre-out fail stations to over 300 pCi/g in post-outfall samples. 
The concentrations of both 23&Pu and "^Pu were relatively uniform to sam­
pling depths of 30 cm from the effluent outfall to the 1, 280 meter post-outfall 
sampling station, where surface water exist* for at least part of the year. At 
distances greater than 1, 280 meters post-outfall, the plutonium was increas­
ingly concentrated in the top 2. 5 cm of sediment. 

The degree of vertical mixing of plutonium in the alluvial sediments in 
the canyon appears to be associated with the presence or absence of surface 
water. Whether the water physic a Hv mixes the sediments or act* as a medium 
for diffusion of plutonium is unknown at this time. 

There is some evidence, as reviewed by Francis , that plutonium does 
migrate downward in soils after extended exposure to the natural environment 
and may become more available to vegetation with time because of an enhanced 
root contact with the isotope. Studies at Trinity Site, which are described in a 
paper at this symposium demonstrated that thera has been a marked penetra­
tion of Pu into the soils since 1950, when similar measurements were last 
made. 

13? There was an apparent distributional relationship between the Cs and 
plutonium content of the alluvial soi ls . A log-log plot of the concentra­
tions in the 0-2. 5 cm layer of post-outfall sediments versus the corresponding 
data for **8pu (and ZJ^Pu) were linearly related. The correlation coefficients 
(T>) for the respective linear regressions were 0.9? ( , J 7 C * vs 2 3 8 Pu) and 0.88 
(13?Ct vs 2 J 9 P u ) . The interpretation of this observation is not clear at this 
time, but may indicate that the distributive mechanism for these two radio­
nuclides in Mortandad Canyon sediments may be similar. 



The ptutonium concentration in surface and }jrou«d wator in the s t ream 
channel paralleled the data for sediments but j*« a much tower Wrvct (Fljf. t) . 
Maxima of 29 fCi * ! i l Pu/ml and about t fCi *-Pu/ml were oh nerved in surface 
water At the effluent outfall and concentration* of both isotopes decreased to 
leal* than 0. I fCi/ml in ground water at the 5,120 m post-outfall sampling 
station. 

There appeared to he a relationship between the proximity of vegetation 
to the ground surface and the plutonium content of the slant mater ia l , in gen­
era l , jrast* species which were <50 em tall , contained the highest levels of 
both **Pw and * * ̂  S*t». whereas shrub* and t rees {>l m tall) contained rela­
tively moderate to low amounts of plutonium. Perhaps the rooting *one of the 
f r asses contained higher Pu concentrations than the shrub* or t r ee* or poss i ­
bly the low growth form of the g rasses increased their susceptibili ty to ex­
te r io r surface contamination by Pu contaminated mate r i a l s . 

If the plutonium m e M u r t d in vegetation was contained wlt&in the plant, 
then calculated ftrass/sediment activity rati<j» of Z. 3 x l0*?^*8"^ ?• 9 f-.iP 
(or about 8 x 10 and 3 » 10" on a dry weight basis) for Pu and Pa 
were relatively high compared to value* of 10"" - 10*J reported by other in­
vestigator* for the root uptake of Pu from ptant-*oit system*. !*'** '* ° However, 
whether the plutoniwm wai distributed within, or on, the plant is unknown at 
thi* t ime. 

The plutonium concentration* in the l iver , lung*, hide, and ca rcass of 
rodent* ( p t r a m y K m i mawiculatu*. j». truci.Reitbrodogstomy* megalctis} col­
lected on the t t r t a m chftnnei in .VJortandad Canyon (Tabic it varied by as much 
a« three o rde r s of magnitude in samples from the same collection location. 
Some of this variation was undoubtedly due to the targe uncertainties asso-
ciated with the counting data and to species variation. There were insufficient 
sample* at each station to permit any specie* comparison. 

Mean plutonium concentrations were highest in the lung and hide samples 
from each collection location which suggested that inhalation of resuspended 
sediments may be the main route of Pu entry into these small , ground-dwell­
ing rodents . Post-outfall concentrations varied from a maximum of about 
8000 fCi * 3 *Pu/g wet in the lungs ot one rodent down to levels which were in­
distinguishable from background. Concentrations of 2^8py 

and " » P u in ro ­
dent t issue* from pre-outfall and other a r e a s ' on site measured 10 fCi/g or 
l e t s . Liver and ca rcass samples, in general averaged from 0. I -0 .01 t imes 
the plutonium concentrations of hide and lungs. 

The Pu / Pu ratios for the various sample types, which are p r e ­
sented in Table ?., demonstrate that nearly all of the samples contained a p r e ­
ponderance of 2*^Pu on an activity bas is . The ®Pu/ i J < 'Pu ration which 
exceed one in some of the post-outfall remainder (>1Z. 5 cm depths) sediment 
core sections evidence thu fact that complete vertical mixing of "**Pu has 
occurred over the last three yea r s . 

The Pu / Pu ratios greater than unity in sediments from the 5, 120 
and 10, 240 meter stations may indicate that some of the plutonium has moved 
a considerable distance down Mortandad Canyon, despite the low sediment 
concentrations measured at these si tes . 



. '**.. * • n * * ! * * * f M U r W I t t * * %-**•« J*» * • * * . « (*> IK***** 1131. 

4*-*#*»i»» 

.—.flf*-«*««..« 

WW *ltf f»» 
t>w<-.nttfr*«#f 

* 7 t t •»• * * 

« Uwt*>awtr»m 

F M * 

i I ( ».>. 

M * » * 

i l i u . 

M « ' « . - | - - PITvWM l 4 |WlUff : SkV^lW 

{ » t • ! • > • 
fl» «.-*-»-;: - f t . -J*» 

( * l i l j t T * 

» I t t i I S»* I4S9* 
* « 4 . fi^r 

• t . « * * b o s * *-,«** 
i t tv >'S : * . *•»•* 
t . l f«. Mjj «( . * ; « * 

n ! «* ii t » j n * 

**• l *M :•••*.<•!. ) ; ! i U l 
i . » t * » j j < *P . :ti-t 
* . * * r* * * j i * . >rw 

St - * *?* «.». * f t t1 
C « ! * * f | *+. i ( 'U 
# . * *{w»S ?», ««,* 
J * tt k*3 J* . * { » 

** »* *-; ». **** 
I . I ! * . * 

» . « w 
* • w * 

»*. i t * * 
t . * *»..»-* 

• * . * f » , « 

.**. * > » * » . E t « 
f » . t fc lM 
* • * » * ! »1 
*. * M S 

•4%. t t . M 
M < * . ! * 

t l f •*» 

i'-H ? * t * 

* W . « » J 
*k. » * « 

»C». ***•«» 
*». ts-u. 
». »+n 

* t . t } * * 
t . t f * i 

* * . fW* 
* t { . t w t j 
• *B . * w * 

*.* «.« I t . i f * * 
t»- tiiJj 

***:«» 

r**. . , 

. — r 
s «s B 

. * i 

* i 

» « M . 
* i d . 

«s» 
; i . 

, £ — « ? B . J ,B: 4ST?„ 

( t » , F t fc ,-* « 
if H'i . * ! 11.if 

I * * "("*•> f ; » 

«pf»^j !•• t j L? 

.*+»- | t * t* s« 
i.tn J * . . « J*- : t t 
«<n i K . » . ? ! 
». t * i t * *» « 

* * * 9 *«t J * * S *» 
„-.T • « 

t i * 

;». »•. 

»*-1 . * 

**. *. *.* 11 • 

»-
***. V*. 

*.» * . t 

*.* M 
*.i 

«-* •*** *.» i . * 
s»-

*9*..i<i <*. +*. at *tt 
t f # > ; i . t - i " i 
I t K j 1, t Bl. « i 
* « . ; i | * • fi* **•* 
JT*S » *• r* * * 
« W j In t t t l 
*» i - i ' -r. Ks «t »Ii^ 
^ . . W , ' « . J f t . c u 

« 
«« 
*C-W) 
i'MII 
t * * I 
n . r t 

f™_K™„ c . r i i 
i » > , . . , 
{ * . * : ts *tf * ; n » i 

' * n » t * t . t • » * 

| a.r t ) *f, t . . t u t 
| « t ' * * » -
J ; t . m * , * t . f . . ? i ! i 
J + . | »J i^i *!». Itrtl 
1 i f (» to f . c > i U 

U ( •":"'/ '"> -\ t.% t* *;f fcu. (M^i 
I ».* s: •')',$•••,. f t * ' 

* f t i=i * •» iJ*t 
j ».t , * »,|" PS. ffc"l 
1 n . j» »M' • * .> i# n 
I * - * ct- dO- • * . * ft:* 
1 * . t * ; * / ' »..-* ; * * l 

t . r *».*« * . * t t * i 

» * ! K.» | t . B ! * . » ( H I : tix 

»-.* »-»• 
* . o* «.. « * 

« . e* -* i 
* . t i t * t * 

< *» **. ** * > . * ? ; *.*.» <f»..ra 
* t « i + M idt. tH 
M , f H « « O-.J* 
« , « i | P.* tt . ; . f 
t t . J j ? * - f f t r -nsi 
if. H* * , W EC-Ml 
i i . . * i 3 •*, Sit Jft.Jitt 
t » i ^ t * . ( i «* 

« * « j M ? * r 

u _ — L 

! M i * . M * M . t t - n 
1 * . t «*.*# * . * *i-.*a 

f* . t * . *« , # . * « * * * * 
' #.*» tF-*dl < * *wt 

- Bf. (S» 
* . t t t . l l i * . * JH* 
* - * f * i t | ,-*. *SM 
K iS.tf »..* »*M 

»rt. * w t i t s ( . *i i»* 
*.»W* *il: VI. If** 
t .» «.*jj( s*. * ! * * 
t . t t» .H u . <:;i 
t.« t».t4 * . * »SJ 

}> • >* 11*1 3 »(t» 

I 

ijk 

" " - W t ^'wi;%}Z'~' 

, * . i . { f i s a u s i 
! i f . t l t l ^ « . l a i ) 

l_* *.ILL i*^LM_, 
E t in . t :»i U t . t t n 

* * . ew» t«. *» *> 

i . " • * : " 

[ » t . i i . f i 

i t t * ; r* 

ft it »c H I 
1 * CCTl 
k 1 » - J l 

* ! ? • . » 

1 ; u u t t j { * a H i 

• j g;.t< i i * * « . t ; i 
j 1 1 tV H ' • * P» t f t . ^ l 
f 1,1 ( i U S"» « ; t . t » ( 
[ » . • (* «? < i .« * • l i 

«.« U-SI | * ** « ' - * « 
i.t «.«« J i~* « t : t 

| » ! U I t « B t . « 

* . t « i » 
» « • . t*».Wl 

* . * »9iS 
« . t * ! l 
* . * H « 
l . » . f . « 
* . # »f.4< 

* * . f t 11 
: * . t t . J i 
»..* { * * ! 
«.» i B - « 
*.) t;.sa 
».» 4«- ! t 

I I I ! U M 

* . * > tt I t 
K.ff » . t * i 

i t , « . * * 
* * » . ; t i 

• * « *& i n 
t i « Wi 

• * , » / « • i t * 
* . • *B. + t 
» . * «fi.tl 
* . » &.Ut 
».F| f C . * i * 
* , « I t - t j t 
» . • t l . * * 

1 . * 3 * . « 

M(v> M>1 «« » * « k « » H ^ * f • * » W * 4*<** t ' t ^ ^ v * . 

238 
Vegetation and rodent t issue ref.ectcri the enhancne! Pu content of wa­

ter and sediment in the canyon but not in any readily identifiable pattern. 
Ther* * n « tendency for the ratio i» granse* to exceed the ratio in shrubs and 
tree*. 

The reieane of low JcveJ plutonium >.v»*tes in licfuid effluent* has r c -
tuttcd in significant plutonium concentrations in several of Mortandad Conyvns 
•cological component*. The ore**nce of water in the s t ream channel aaoeared 
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to be corre lated with the rate and degree of vert ica l mixing al plutonium in the 
alluvial s ed iments . The m e c l u n i u m s involved arc not understood but may in­
clude the mining action of the flowing water and/or the water may serve • i a 
medium for the ver t ica l diffusion of Plutonium. Data on low growing (.runs 
s p e c i e s showed that the plutonium concentration rat ios for p lant / sed iment are 
on the order of 3 x 10"" to 8 s 10'*", which was about an order of magnitude 
higher than that reported by others for root uptake of plulonium from so i la . 
However, !r. the present ftudy we cannot rule out O f poss ibi l i ty of externally 
deposited plutonium an the plant m a t e r i a l s . There appeared to be a "-clation-
shlip between growth form and the otutonium content of the olanl . Lower growth 
forms contained higher plutorium concentrat ions than higher growth forms . 

238 239 
The highest mean Pu and Pu concentrat ions in Oie lung and hide of 

rodents frum the canyon suggested that re suspens ion of sediment-bound plu­
tonium may be n pr ime m e c h a n i s m in the contamination of rodents . The 
appreciable variation in the plutonium data for rodent t i s s u e s indicated that 
tfje contamination of the smal l m a m m a l populations living near the s tream 
channel is he terogeneous , with many individuals rece iv ing minute quantities 
of plutonium and others rece iv ing relat ively large amounts . 

238 239 
The P u / Pu rat ios calculated from the data in Oie present study 

provided a s s e s s m e n t of the ver t i ca l and horizontal movement of the effluent-
a s soc ia t ed plutonium. It appeared that in the m e x i c portion of the canyon, the 
ver t ica l misting to the depths sampled was completed within a three year period. 
The P u / " Pu rat ios in vegetation and rodents ref lected the ratio in water 
and sed iments but in a manner which has yet to be defined. 
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