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. DISPOSAL AREAS AT LOS ALM10S. 
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II 
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Los Alamos Scientific Laboratorv. Los Alamos, Ne\<1 Nexico 87544 ~i· . - . 

Abstract. The results of an e~ological investiga~ion of plu

tonium and 137.cs are described for three canyons \1/hich luwe been 

used as liquid waste disposal areas a~ Los Alamos. Stream channel 

sediments were identified as the major reservoir of waste radio-. 

activity based on the .relatively hig'h radionuclide concentrations --------· . 
measuted in this component. 'Hydrological s~diment transport proc

esses in the respective canyons play a major role in the downstream 

movemen~ of radioactivity. Statistically significant correlations. - ' 

bet\ofeen plutonium and 137cs in sediments downstream from the waste . . 

outfnlls support a physical transport mechanism in the redistribu

tion of s~diment rad~o'activity ~ ·. Substantially higher plant: sediment 

activity ratios were calcula~ed for plutonium in the canyons t~an 
----------~--------------~----------------------·-------7 .• corresponding ratios derived by others through laboratory exper1-
~--~---~·----------~----~--~----~~---
mcntatig,."l. Significant: positive correlations between pluton~um and 1 -- . .~ 137cs conco~trntions'in vegetation were observed in two canyons 

which·currontly.receiva,wastes·but not in the third canyon whi~h 
I 

haD not received wastes for 10 years. Highest average concentra

·tions of.plutoniurn ~n small ground-dwelling rodents living adjacent 

to the contaminated streams were observed in lung and p~lt tissue, 
I . 

indicatin~ that resuspension is 'likely a major mechanism.in the 

'------------------------------------------. contamination of tho. rodents. 
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Xe~ words: . Cesium-137; Elutonium; Fadioecology; radioactive 

\'taste: plu·tonium uotake; cesium uptake: radionuclide transport. 

The Los Alamos Scientific Laboratory (LASL) has investi~~~ed 

various asp~cts of the nuclear ~nergy field for eve~ 30 years in a 

great·number of fabrication and experimental facili~ies scattered 

over the Laboratory site. Liquid \'/aste streams from some of these 

facilities contained low-level amounts of radionuclides such as 

plutonium and cesium, which after collection and treatment w~re 

~eleased at about 0.5% of the maximum permissible concentration 

(ICRP.l962) to specific areas in the surrounding environment • .. 
A discussion of environmental plutonium,behavior, based on 

. the fe\t~ pertinent open literature publications,. appears in t\olo re

cent reviews (Hakonson 1974, Hans6n 1974). It is evident.that plu

toniwn behavior in the environment has received 'little attention, 

especially in freshwater and terrestrial ecosystems, There are 

several aspects of plutonium movement through the environment which 

warrant investigation, especially the phenomena of adsor~ti~n, ab- , 
. . 

sorption, biological'accumulation, trophic level increase or de-

crease, seasonal and long term variations, and how all of these 

factors vary \dth ecosystem type. Our approach at inves·tigating 

some'of these factors has been to compartmentalize the ecosystems 

under study. Such ~n approrich required, as ~ first step, the iden

tification of plutonium receptors in the ecosystems. This paper 

presents the results of ~ radioecological survey conducted in 
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October i!nd November 1~72 in three canyons which received liq'.lid 

wastes for vari6us periods over the last 32 years. The primary 

obj~ctive of the study was to document the 238Pu, 239Pu, and 137cs 

levels in several canyon ecosystem components as a function of dis

tance below waste discharge areas in order to identify some of the 

ecosystem components of importance in radionuclide redistribution. 

In the course of study, data were gathered on radionuclide concen

tration var.iability, plutonium and 137cs isotopic relationships, 

and the influence of canyon use history on radiocontaminant behav-

ior. A small portion of the data appearing in this paper was pre-

sented elsewhere (Hakanson et al. 1974). 

· HETHODS AND HATERIALS 

'r Study Area 

The Lnboratory is located on the east flank of the'Jemez. 

Mountains, on a portion of the P~jarito Plateau, in north-central 
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New Nexico. 'l'he plateau, which has pronounced elev~tional· gradient ,. 

in the east-west d:J.rcction, was formed by successive ash flO\t/S from .J 
a volcanic area 32 km to the \'lest. The Laboratory area has a semi-

arid, continental mountain climate: precipitation averag~s about 4G 

em at the higher elevations (~ 2200 m) on the west and about 18 em 

at the lower elevations {~ 1650 m) on the east. Rainfall accounts 
... 

for about 75% of ·the annu~l precipitation. Drainage from the 113 

km2 Laboratory site is via the rn~ny canyons which bisect the pla

teau. 
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Nearly all of the liquid wastes generated by the Laboratory 

since its beginning ip 1943, were collected by industrial waste 

lines, treated (since 1951) and released into one of three semi-

drninage canyons (Fig. 1) • A,cid-PuebJ.o (AP) cnn;ton received un- .• 

_;;eatc;:: liquid waste from 1943 ·to,' J.964 ·~)The treatment facility 
•. / 

was subsequently deconunissioned and d-ismantled and AP canyorChas 

not received liquid wastes for about 10 years. DP-Los Alamos (DP) -
canyon· currently receives effluent from a treatment plant as it 

'!:'Cwa - - ·r ace- ...... no a It • • ..... tC'C' '«''I 0 :·n ,.,, ........ 

has since 1952. It is anticipated that this facility \~ill be de-
-· "TzP"D".,....M"«=nt·"'---

commissioned within the next few years. Hortandad Canyon has re-______ ...... ___ .. _ 
· ceived effluent from a waste treatment facility since 19G3. Its ---.. -· -·-=--r_... ......... ~ .............. --,_...."'1~-\r."''...,t"""_..,..,~, ...... ~ "'H""· ._.. .. ,..,,.,.._. Hill•~\·,~~~·· .•J."''t!t r·•.H•.•,!'.~.~C. ... #<~f':"(.:Jtfff-.f\1'" ... · .... ,-h,'•V,.,........ 

·use as a disposal area is expected to continue into the future. 

In general, the physical features of the three canyons are 

similar. Near the waste outfalls at elevations of about 2200 m, 

the stream channels are nar~ow (< 1 rn), rocky, and contain rela

tively thin layers of sediment << 30 ern). The stream channels de

crease about 200 m in elevation within 2000 m of the respective 

outfalls,· wh~re they widen to 2-3 m and the alluvium generally in

creases in depth (i.e, from 30 em up to 35 rn). In Mortandad Canyon 

alluvial deposits.increase in depth abruptly, whereas in DP and AP 

Canyon, the incr~ase is slight until after the two canyons join. 

The TIP and DP Canyon systems join about 10000 m belo\>1 the DP Canyon .. 
waste outfall and continue as one canyon for an additional GOOO m· 

before entering the Rio Grande (Fig. 1). Mortandad Canyon, on the 

other hand, does not link with any major canyon on its path to the 

Rio Grande. 
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ACID- PUEBLO· 
I . 

MORTANDAO. 

-B = CONTROl STATION 
:APPROXIMAT.E--SCALE : 

1.6 - ·. 1.6 3.2 

FIG. 1. Plutonitllll. and 137 C!J · SaJ:!Pling l~cations in the 
three canyons receiving liquid effluents. · 
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Sur.face \t/ater exists in portions of all three canyons as a 

result of Laboratory effluents and/or domestic se\.,rage, but these 

flows occur only in small segments of the canyons near the outfall 

areas. Relatively large flows occur in all three canyons during 

storm runoff events. Storm runoff reaches the Rio Grande in the 

AP-DP Canyon system \<lhereas the runoff \'later rapidly soaks into 

the thick alluvial deposits in Mortandad Canyon and seldom reach 

post-outfall distances exceeding 3 km. 

A detailed chemical characterization of the liquid wastes cur

rently released to DP and Mortandad Canyons has not been attempted~ 

We know that the wastes are alkaline (pH averuges about 1!.,2 as a 

consequence of the treiltrnent process and that large, but unquanti

fied amounts of chelating agents such as EDTA are present in the . ... 

effluent. Volumes of effluent entering the canyons average about 

.2 x 105 1/d into Mortandad Canyon and 2 x 104 1/d into OP Canyon. 

Releases into Hortnndad Canyon occur on a daily basis, whereas re

leased into DP Canyon are made about once a week. The effluents 

rapidly soak into the alluvium below the \.,.asto outfaJ.ls and dis-
-----,~·--~•,•!•._.,•-...At••#flill..,..,._;•t>to:MI•., .. ••rt~o(••-'.,1"'-"'-•••··~' ....... ,.. 1.- ~ .-.. , •. ~ .. 1.··· , ..•• ..., .... .,..,_.....,.. ."11•~ ..... •:not."!W'..t.a-...-

ltppear unde~ground about BOO m post-outfnll in Hortandad Canyon and 
_.. . p~·s,~oo-TfO:\\ ..... · ................. ·-··- -·- .... - . ·----........... __ ····".-·-·:······-:·---·-·1..:._' 

about BO rn)l~~~ Canyon. 
~- ~•••4~._.,.._.\i:,;,· .a.J.•••.~:.-:.-~M 

Available tre~tmcnt plant records \~ere used in estimating the 
. . 

amo~nts of plutonium released·to the three canyons (Hakanson et al. 
' . 

.. 
from 1943-1964. About 80% of this quantity was released prior to ..... ............................ 
1950 nnd virtually all of the plutonium \!Jas 239 - 240Pu (hereafter 

referred to as 239Pu). An unknown amount of radioactive soils/ 

r.ediments were· removed from AP Canyon in the immediate area of the 
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outfall during decontamination and cleanup of the treatment plant 

in 1964. _op·canyon received an estimated 32 mci through 1972 and, -----at the present time, the 239Pu/238Pu activity ratio in.the effluent 

measures about l, although most of the plutonium released to this 

canyon was 239Pu. The release into Mortandad Canyon was about 42 ......... .... ...... ____ _ 
mci through 1972, and since 19GB most of the Pu on an activity · - .................. :.~·~~ 
basis w~s 238Pu. Prior to 1968, nearly all of. the plutonium re-

leased to DP and z.lo:rtandad Canyon ,.,.as 239Pu since 238l?.u ,.,.as ~ot 
handled in quantity at the Laboratory until 1968; 

Total 137cs additions to the canyons could not bc.estimated ..... 
with availnble data. During 1973, about 300 mC.Lw.El,b.e_r_elea!!e;,!l to 

l-tortandad Canyon and 1 mCi to DP Canyon. Of the three canyons, . ........, .............................. __...__ .__.._. 

it is thought that Nortandad Canyon received the largest total 

amounts of this nuclide. 

Sampling 

A sampling network was established in the'canyons during the 

SI.UM\er of· 1972 (Fig. l) at two locations above the waste discharge 

outfalls to serve as control areas and also at O, 20, 40, 80, 160, 

320 1 640, 1'280, 2560, 5120, and 10240 m below the respective waste ' 

outfalls. Considerably rnore ·sampling emphasis was placed on .the 

are~ immediately below the outfalls because radionuclide concentra-
"! • 

tions we.re expected to change rapidly in this region. 

A core sampling technique was used in the collection of sedi

ment samples. A section of 2. t1 em diameter plastic pipe \>las sharp

ened on one end and was gently driven with a hammer into the s~di

ment to a maximum depth of 30 em. · Each st~tion \o,'as sampled at the 

center and two lateral positions in the stream channel fo~ a total 
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of throe cores par station. The coring device resulted in about 

a 10% compaction of the contained core. In many cases, sampling 

depths were less than 30 em, especi~lly in the upper portions of 
•J 

the canyons where alluvial deposits were shallOI'I. Sampling depths 1
} 

also varied from core to core ~t each station although in most 
~'bi.H I)"'\ a. t'\1-

cases were about 21.:::::t!ll.. Individual sediment 'samples were sealed ..-(.. 

in a plastic bag to prevent cross-contamination and they were 

frozen until the radionuclide analyses could be initiated. Tlte 

frozen core sample from the ce11tcr of the stream channel was sec

tioned into a o-2.5 ern, 2.5-7.5 em, 7.5-12.5 em and a remainder 

(below 12.5 em) section to provide data on the vertical distribu-

. tion·of 137cs and plutonium. 

A sample of the most abundant grass, shrub, and tree species 

was collected at each sampling station to determine the key plant 

receptors of plu·toniurn and 137cs. In addition, mosses and crus

tose lichens were sampled when available •. Only those plants.which 
. ' 

were dire~·tly rooted in the stream channel, or that were likely to 

be inundated· during storm runoff events, 'were collected. The 

samples consisted of the complete above-ground portions o~ the. . . . 
. .·'· ... 

grasses, mosses, and lichens and the terminal leaves and stems of 

the shrub and tree species. Particulates \ITere not removed from 

the exterior~of the plant surfaces prior to radiochemical analysis, 

A considerable amount of soil_was associated with moss and lichen 

samples •. · Each sample was bagged and sealed immediately .upon col-

lection to prevent sample cross-contamination. Most species were 

identified to genus prior to analyses. 

... 
' ~ .. 
it 

)' 

• 'i• 
·. !· 

I 
'l .. 
'1 
; .. 

·f 

I 

I ., 
I 

I '' 

. 
·r .. 
I 

:r 
' 

.,• 
;I 

' f, 

r 
·' 
' :\ 

~-
~. , 
f 

:( 

•I 

,;, ----· ________________ _. 



':J . 
..I.··' 
'J . :::·., . .... . 
rJ '.. 
•j . ... 
..::· 
,;. 
'"' ..:: ... 

' .. 
• ,, e . 

-a-

Small mammal collections were made in the control area above 

the respective outfall locations, and at the o, 2560, and 10240 m 

post-outfall sampling stations. Snap traps were positioned on a 

G x 8 grid network at each station \'lith two traps at each grid 

point for a to~al of 96 traps per station. Eight grid points were 

established at 5 m intervals parallel to the stream channel, and 

six were established perpendicul.:tr to the stream channel at 10 m 

intervals. Peanut butter was used as bait and each station was 

trapped.for three nights (288 trap-nights) without pre-baiting 

treatment. Each specimen was weighed, measured, and examined ac

cording to procedures outlined by Packard (1971) to provide data 

·On various physical characteristics of the species, The pelt was 

tj 

·; 

··! . 

.( 

I 

i 

,. 
'{ 

1 
'i 
;;-. 

first removed from the animal to prevent contamination of the re- ; · 

mainder of the carcass with pelt debris. The skinned carcass was 
. ' 

cleaned with a damp paper towP.l to further reduce the pr~bability 

of cross-contamin~tiqn. The lung, liver, and cvicerated carcass 

were save~, along with the pelt,· for individual radionuclide analysis. 

Radionuclide analysis 

Vegetation and rodent carcasses were oven-dried at 100°C for 

24 h and then wer~ muffled at 4S0°c until a white ash was obtained. 

Ashed biotio~samples were dissolved in SO ml of 7.2 N HN~3 in a 

600-ml Pyre~ beaker and were analyzed for 137cs on a7.6 x 7.6 em 

Nai (Tl) scintillation detector. Oven-dried sediment samples \'>'ere 

counted in a GOO-ml Pyrex beaker and the height of the contained 

volume was recorded to the nearest millimeter. Standards contuin

ing known· quantities of 137cs were prepared in the pr~per geometry 
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to compure with sample materinls. Some samples contained measur

able 134cs· and 4 °K and the 9)1annels ~ethS>d \•Ia~ used to cor

rect the 137cs photopeak area for 134cs and 4°K contributions. 

The minimum 137cs sensitivity (P < o.OS) of our gamma dctec-

tion system was: 

Sediment (SO-gram sample) 

Vegetation (100-gram sample) 

Mouse Carcass (15-gram sample) 

0.09 pCi/g 

0 .'4\u pCi/g 

0.30 pCi/g 

All sample materials to which tracer quantities of 242Pu were 

added, wera subjected to hydrofluoric-nitric acid digestion, ion 

exchange separation, electrodeposition, and alpha-ray spectroscopy 

·to quantify the plutonium content. The total sample \'tas carried 

through the plutonium chemistry to eliminnte nny errors associnted 

with. aliquoting a complex matrix, such as the sediments. The mini

mum dete~t~ble 'arnount of 238Pu and 239Pu based o~ the variation in 

counts due to background was 0.05 pCi/sample assuming a 50% recovery 

of the 242P.u tracer. Tracer recoveries for sample data reported in 
. -ao 

this paper v.aried f~om1f-l00% and averaged about 45% since the' 'pro-

cedures used were not optimized for biological samples,. As proce

dure improvements were developed, low activity samples with recov

eries belo\v 30% were either reanalyzed or excluded from the follow

ing data analysis. 

RESULTS AND DISCUSSION 

Radionuclides in sediments 

The mean 238~u, 239Pu and 137cs concentrations in sediments 

along with variability estimate~ as a function of di~tance from the 
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liquid waste outfalls arc presented in Table 1. Concentration 

means for the control area were based on a sample size of six, 

whereas post-outfall concentration averages \~ere based on n sample 

si~e of three. 

Maximum concentrations of 160 pCi 238Pu/g, 70 pci 239Pu/g and 

2200 pCi 137cs~ere measured in sediments from Hortandad ca~yon, 

the area that has been used for liqui.d waste disposal for the 
10 

least amount of ·time (·1--~ years) • Concent:rations in Nor"tandad 
. -'\. 

Canyon sediments typically averaged 5-10 times higher than those 

in DP and AP Canyons at comparable post-outfall distances. This ------
observation is noteworthy in that both DP and AP Canyons received 

· about as much or more plutonium than f.1ortandad Canyon. 

Concentration patterns with distance post-outfa~~ were similar 

between canyons in that highest values were measured near the waste 

outfalls with lo\>~er concentrations occurring further downstream. 

The highest concentrati~ns of plutonium and 137cs in AP Canyon sedi

ments were measured at the 80 m post-outfall location in an area of 

~cdirnent accumulation. 

Concentrations of plutonium and cesium in most post-outfall 

sediment samples reflect the addition of liquid \~astes to consider

able distances downs·trearn e~n though surface \'later does not e:dst 

in the lower ..,reaches of tho canyons throrJgh most of the year. Plu

toniUJ"ll and cesium concentrations about 10 times control values were 

measured at the· 2560 m sampling station in ~1ortundad Canyon which 

l>.'.:tS about 1500 ·m do\mstream from the last permanent surface water 
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in the canyon. The do\mstream edge of the contamination ~'r'ils locat- ·l 

cd about 3500 m post-outfall with the aid of gamma radiation survey 
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TABLE 1~ Average cesium·l37 and.plutonium concentrations in sediments 

fiom conirol and liquid waste contaminated nrcns during 1972, 

Canyon-Sampling 
Location· · · · 238Plt (pC.t/g dJr.y! 23 'Pu fi?.C.t/g dlr.y! 137Gs (pC.f./g cLty) 

Mortnndad 

Control 

o*** 

20 

40 

80 

160 

320 

640 

1280 

2560 

5120 

10280 

DP-Los Alamos 

0.17*( 99)** 

160 ( 40) 

110 c 94) 

65 c 91) 

39 ( 62) 

86 c 8 7) 

20 ( 93) 

17 c 6) 

. 6.8 ( 42) 

8.6 (110) 

o.os (140) 

0.01 (120) 

0.47( 52) 

59 ( 22) 

70 ' ( 86) 

26 (120) 

9.6 (55) 

38 (110) 

3.3 c 81) 

4.0 ( 28) 

2.4 c 38) 

2.5 (110) 

0.06( 73) 

0.02(130) 

2,0 ( 85) 

2200 ( 43) 

510 (100) 

530 ( 94) 

630 ( 14) 

1200 ( 30) 

290 ( 74) 

320 ( 19) 

90 ( 30) 

91 ( 71) 

0.57( 26) 

0.31( 11) 
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Control 0.02(150) 0.03( 58) 0.31(100) . I : 

0 

20 

40 

80 
'• 

160 ~ 
., 

320'· ·, 

640 

;~ I .. 

.2.1 ( 66) 

1.5 ( 37) 

0.06( 76) 

0.20( 84)' 

0 .. 15( 46) 

0.17( 54) 

Q.23(' 77), 

28 ( 68) 

7.9 ( 89) 

0.58(120) 

2.5 (lZO) 

0.61( 43) 

o.s ( 75) 

0.70( 46) 

liDO ( 74) 

190 ( 52) 

5.9 ( 80) 

49 (140) 

24 ( ZZ) 

15 c 33) 

51 ( 2Z) 
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TABLE I • (Continued) 

Cnnyon·Sampling 

Locntion 2Jopu (pei(g ~y) 

DP·Los Alnmos 

2560 0.03( 66) 

5120 0.03(130) 

l 0280 ... 0.05( 64) 

Acid-Pueblo 

Control 0.009(100 ) 

0 o.oz ( so ) 

20 0.09 (150 ) 

40 0.03 (100 ) 

80 1.0 ( 76 ) 

1~0. 0.08 ( 35 ) 

~20 ·o.oa ( 7. 5) 

640 0.08 ( 25 ) 

2560 
.. 

0.02 (100 ) 

5120 0.01 (100 ) 

10280. 0.02 c so ) 

• 
. 2 3 ~Pu (pc.i/g dJr.y) 1 3 1 Cs I pC.t! 9 dJr. !!) 

--· 
0.17( 69) 13 ( 12) 

0.36( 82) 3.6 c 42) 

0.13( 35) 1.6 ( 28) 

0.20 (100) ' 0 I 36 ( 78 ) 

2.3 (120) 0.53( 15 ) 

2.2 ( 38) D.OZ(l40 ) 

6.9 c 99) 1.5 (140 ) 

54 ( 64) o. 74(~00 ) 

8.5 ( 8 7) 14 ( 42 ) 

12 ( 23) 1.1 ( ().4) 

11 ( 29) . 1.5 ( 21 ) 

1.5 ( 19) 1.1 ( 30 ) 

0.35 ( 80) 0.31( . 2.6) 

0.74 ( 66) 0.20( 30 ) 
' •• 0 t o • 0 o. • • o ' I o t 1 o o I I o \ ' o t e o 1 t 1 o o o o I o I o o I t I • I o o 0 I 0 o o I ' 1 I . 

.. 
* control means based on six samples, post-outfall means .Cased 

based on three samples 

** Coefficient of variation (standard deviation x 100 ) 
mean · 

*** Meters below wasta effluent outf~l1. 
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instrumentD. Elevated 238Pu levels measured at the 2560 m loca

tion, demonstrate that the do\mstream transport of this isotope 

occurred within a four~year period, since significant 238Pu \~as 

not released to Mortan~ad Canyori until .1968. 

Plutonium-239 and 137cs concentrations significantly {P < 0.05) 

above control sta·tion values, were measured at the 10280 m sampling 
. r;>P 

location in DP Canyon, some 3000 m belo\'1 the confluence of "}rP- and 

AP Canyon and·about 4000 m do\mstream from any permanent surface 

water. Relatively low sediment concentrations of 238Pu were measured 

in the DP Canyon study area indicating that either low quantiti.cs of 

this isotope were released to the canyon and/or that substantial 

redistribution had occurred. 

Storm runoff, especially rain, has been implicated as an impor

tant vector in the transport of radionuclide contaminated sediments 

down the canyons (Kingsley 1947, Purt}~Un 1974). Surface flows 

.following a rainfall event on the upper DP-AP canyon watershed 

often reach the Rio Grande.· Data presented elsewhere (Purtymun 

ct al. 1966) indicated that sediment concentrations of plutonium 

.in the upper reaches of DP Canyon increased through the fall-
I 

winter months as wastes were released to the canyon and decreased 

throu9h the summer months as storm (rain) runoff events moved the 

contam.i.nated ·sediments do\mstrerun. Hydrological data gathered over 

the last lG years show that an average of four such events reach 

the Rio Grande River each year. on the other hand, storm runoff in 

the Hortandad Canyon watershed has never reached post-outfall dis

tances of over 3500 m in the 16 years of observation due to unsatu

rat~d alluvial deposits up to 35 m in depth beginning about 2000 m 

. 
/f 

'• .,, 
1·,• •. I 

(~ 
,I 

i ·. 
' 

, I 

' ,. 
' 
' 

•' 
·l 

I 
·; 

: I 
, I 
i 
' '! 

i, 

1 

"j 

' . ,'• 



' . ... \>I 
:S r . . 
~! • I ... . ' 
\M I . 

r-! ·,' 
'J . ... 
o( 

..:.. 
'< .... 

I'' 

; ,, • -12- • 
post-outfyll. Thus, hydrological Ynd accompanying sediment trans

port characteristics.of these semi-drainage canyons appear to be 

an important factor in the do,mstream movemen·t of liquid effluent 

radiocontaminants. 

If a physical transport process (i.e. sediment transport) is 

operative. in the clo\~nstream movement of radioactiv.ity, then one 

could speculato that the relative distribution of plutonium and. 

cesium with distance might be similar, since differences in chemi

cal behavior w'ould be at least partially negated, The correlation 

between individual sediment concentrations of the respective iso

topes of plutonium and 137cs, varying over 2 to 3 orders of magni

tude, were significant (P < 0,05) for most comparisons in Mortandad, 

DP, and AP Canyons, as de·termined by linear least squares regrcs-

sion. 

The least squares regression line· for 238Pu vs 137cs in 27 
• 

.samples from Mortandad Canyon (Fig. 2) was Y = 7.7 ± ll {SE) + 

0.08 ± 0.01 X (r = 0.63). The regression intercept (7.7) was not 

nignificantly different (P < 0.05) from zero. Even though the data 

were relatively well-distributed along the regression line, there 

was an obvious clumping of lower concentrations near the origin, 

This tendency \~as even more pronounced for the DP and AP Canyon 

data comparisons, indicating that samples from areas of .intermedi

nte concentrations were needed to better define the plutonium

CQsium relationship. Correlations were improved by log transfo~ma

tion of the COncentration data as shown by the 238Pu VS 
137cs com

parison for Mortandad Canyon in Fig. 3. Although the interpretation 

of the latter comparison was not immediately obvious in terms of 
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Y : 7.7-+: 0.08 X 

(r:Q63, n:27) 

2625 

• 

FIG. 2. The re.lati~nship ~t~e~n 137cs and 238J?u co~centrations. in Mortandad Canyon 
sediments from the 0-2560 m segment below the liquid waste outfall. 
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FIG. 3. The relationship. betwe·e~ log transformed 137c5 and 2 3Bpu concentrations in Mortandad 
Canyon sediments from the 0-2560 m segment below the liquid waste outfall • 
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distributional relationships, the regression may be useful for 

predictive purposes. 

Similar relationships between plutonium and 137cs concentra

tions nre under study in the terrestrial ecosystem at Trinity Site 

(Hakonson and Johnson 1974) 1~here the world's first ~uclear ~~apon 

was detonated in 1945. If a physical process (i.e. resuspension) · 

is operative in the redistribution of weapons-deposited radioacti

vity in the arid Trinity Site environs, then a relationship may 

exist between plutonium and 137cs concentrations in various eco

system components, 

Plutonium and 137cs concentrations as a function of sediment 

depth for samples collected in 1972 will not be presented at this 

time since another paper at this symposium t~eates the subject in 

detail (Nyhan et al, this symposium). In general, plutonium and 

137cs were rel~tively well-mixed with depth at most sampling loca

tions. The fact that 238Pu had penetrated to the lo1~er sampling 

depths (>·12.5 em) in Nortandad Canyon indicated that the mi:xing 

procens was rapid compared to vertical penetration rates for plu

tonium in terrestrial ecosystems (Francis 1973). In Nortandad 

Canyon 1 
238Pu penetration to the 12.5-30 em depth profile had oc

curred within a four-year period, 

The variability in plutonium and cesium concentrations in 

replicate sediment samples was generally quite large. The coeffi

cient of variation (CV) for plutonium measurements averaged about 

SO'i in a range of 6-150% for all three canyons. ·The CV for sediment 

137cs measurements averaged about 50% in a range of 3-140% for all 

canyons indicating that the 137cs may be rnore.hornogeneously distri

but~d throughout the stream channels than plutonium. Differences 
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TABLE 2. Hean Concentrations of plutoniu~ nnd cesiua in sedinents and vegetation froa a control and two contaal· 
nated seg~ents of Mortandad Canyon durins 1972, 

S:!...-ple. ~- cOntrol rpeyg lL'tq} !10. 0-160 a Post-outfall f@g c!:y~ ;60·2560 m Post-outfall lpC£Jg c·.ql 
"JYpe* Sa ... ::ples 111Pu 111Pu :nes S:m:tlles --~-~-·~- -~.'.Pu ___ 

117~ _Sx::ples 111Pu UtPu ll'l'Cs 

Scd~t: 6· 0.17 ( 99) 0.47 (52) 2.0 ( liS) 15 90 ( 79) 40 ( 95) 980 ( 78) 12 12 ( 92) 2.6 ( 69) zoo ( 76) 
Grass 4 0.02 ( 68) O.O!!J(SS) 1.1 (110) s 17 ( f4) 1.7 ( 82) 76 ( 81) 2 0.22 0.07 74 (110) 
Shrub (i o.oo.;c 79) 0.003(42) ll.22( 32) 13 (! - 71 (170) 0.14 (ISO) 9.5 (190) 1 o.oz ( 84) 0.008( 44) 5.-t (1!10) 
Tree 3 0.004(100) 0.005(44) 0.09( 79) 6 0.15( 82) 0.06 (150) 0.9-1(11!0) s 0.009(140) 0.008(120) 0.37( 70) 
~bss 2 0.08 ( 66) 0.08 (88) 0.62(130) 4 3.4 (lSO) 1.5 (120) 36 (140) 3 4.3 (120) 2.6 (100) 2CO ( 64) 
Lichen 2 0.1 0.6 a.o 3 13 ( l!l) 6.6 ( 29) 110 ( 68) 1 1.4 0.67 23 

* Genera co::;~rising the vegetation types "-"Cre: Grass-Pca, Boutelou:t; Shruh-<e:rcus, Arte::~isi.a, Berberis, Chrysotluzr.nus, Prunus, Rites, 
Physocarpus, Jllms, S::tlix; Trec-Accr, Juniperus, Pinus, Pst:cdotsuga; ross :!J'.d crustose lichens-not identified . 
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in the chemical behavior of the two elements \'t'ould be expected be

cause 137cs is likely more soluble than plutonium in post-outfall 

sediments. 

Th~ 239Pu/238Pu a~tivity ratios in sediment averaged 0.31 ± 
0.12 (SO) , 4. 6 ± 2. 4, and SO ± 25 for ~lortandad (from 0-2560 m 

post-outfall) DP and AP Canyons 1 reflecting past relative additions 

of the two radionuclides. 

Radionuclides in vegetation 

The plutonium and 137cs concentration data for vegetation 

were grouped into rather general categories due to the lack of 

similarity .in plant species composition dO\'In the canyons and to . 
. •. . 

the small number of samples collected from individual locations 

(Tables 2-4). The contaminated portion of each canyon was divided 

into two segments~ one near .the \'lastc outfall, where sediment 

radionuclid6 concentrations were relativ~ly high, and one further 

downstream where sediment radionuclide concentrations averaged 
. ' 

about a factor of 10 lower. Average sediment concentrations for 

the various stream channel segments also appear in the Tables. 

The variability in plutonium and 137 Cs con.centrCltions \'lithin 

vegetation typ.es was large. The coefficient of varia·tion range 

about 12% to 270%. At least some of this extreme variability ,.,as ., 

the result of grouping the data by vegetation types and by areas 

of relative sediment radionuclide concentrations. The data were 

not sufficient to compare concentrations by species and by indivi

dual sampling locations. 
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TABLE 3. V.ean concentrationsof plutoni~ and cesiu~ in sediaents and vegetation froa control and two conta3i

nated seg~cnts of DP-Los Ala:os Canyon during 1972. 

S3::ple Ko. Gontrol (pCi/g ~~~ !10. 0-20 a Post-outf.lll (pei/g d.wl No. 20-10280 Cl Post-outfall fpel/q etq) 

1)-pe* Sx;;ples utPu 2nPu U7Cs Sa."'Plcs :znPu 2nPu tnes S:u::ples zupu :zuru tnes 

Sedil::cnt 6 0.02 (ISO ) 0.03 ( 58) 0.31(100) 6 1.8 ( 58) 18 ( 94} 9ZO (120) Zl O.lZ (100) 0.73 (162) lS (114) 

Cr:lss 2 o.o4 (110 ) o.o1 c 81) o:osct40) 4 0.76 (120} 1.8 (160) 194 ( 43) 9 0.03 ( 71} 0.09 (110) 2.4 (110) 

Shrub 2 0.11 (130 ) 0.07 ( 81) 0.28( 40} -· -- -- -- 8 o.oz (160) o.oz ( 82) 0.74( 99) 

Tree 3 0.01 ( 7.4) 0.03 ( 28) 0.18( i2) -- -- -- -- 13 0,007(110) 0.05 (170} 0.41( 93) 

J.bss 2 0.06 0.30 1.0 -- -- -· -- 4 0.23 ( 73) 1.5 ( 41) 28 ( 57) 

Licr.en -- -- -- -- -- -- -- -- -- ·- -- --

* Genera of vegctatioa types 1.-ere: Grass·P~, J.t:hle.'lbergia; Shrub-Berberis, Quercus, fallugia, Salix, Rhus; Tree-~, Populus, 

Juniperus; J.bss a:ld crustose lid-.ens-not identified • 
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TABlE (. Mean concentrations of plutoni~ and cesi~ in sediments and vegetation from control and t~o contami
nated segl!!ents of Acid·P•~eblo Canyon during 1972. 

Sacple Control [pC.i/a t!uf) 0·640 m Post-outfall [pei/g d.'t![l • 640-10280 m Post-outf':~ll 1~1:! d."'LI No. I-ll. l':a. 
.. !ne• S:lm21es "'Pu ZJ!Pu I J7Cs Sa.::eles 2JlPu 1upu '"Cs S:s!1es 211p0 2UPu '"Cs 

Sedi,..,nts 6 0.009(100) 0.20 (100) 0.36( 78) 2l 0.28 (190) 21 (170) 3.3 (170) 9 0.02 ( 60) 0.84 ( 74} 0.22( 67) 

Grass z 0.05 (HO) 0.03 0.33 7 O.OJ ( 97) 4.2 (120) 0.68(120) J 0.02 0.33 ( 71) 0.60( J9) 

Shrub 4 0.01 (120) 0.03 (170} 0.22(100) 9 0.05 (160) 1.6 (270} 0.66( 3l) 10 0.009(1!0) 0.009{ 70) 0.27( 47) 

Tree 8 0.003( S7} . 0.006( il) 0.26( 67) 

~bss 4 1.S { 86) 65 ( 92) 34 (150) 

LjclJe, 2 O.BZ (140) 2.1 ( 54) 8.3 

• C=era of ve.;:et:ltion types 1o;ere: Crass·Po:~; Shrub·Arte::Usi:l, krberis, Prunus, Olrtsoth:L"'1l!l5, ~Quercus, F:tllugi:l, Ribcs, Salix, 

PhysOCllrpus, Rhus; Tree-Juniperus, Pinus, Psue<!otsuga; ~bss :l!td crustose lichen- n.:Jt identified, 
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A positive relationship was observed between sediment and 
....;;;......--------....:.---------------~..-· .. ,........, 

vegetation rndionuclidc concentrations, \'<'i th ma:dmum plutonium · 
_____ ................ • ...... ..__...............,......,.. ...... _..... ..... -.~- ... - ..... ~·· .... ·--·----··-.. ••.«l-It __ __._....... 

and 137cs concentrations in vegetation corresponding to areas of 
__ _. ..... ...._ .... ..........--v-~---"'.......,.,_._._........,__,_._._~ .. ..., ·····-··--..,_ .• ,.._,.,___..._ ............................. -~ ........ ~ ..... "___.......__.... 

highest mean sediment radionucfide concentrations. Concentrations 
-----~"".ftfn•t'''"''•'".h·"'"'H' ,;,•t,r,·•....--•· ;...o.J>lt-,.·· •,·'Otl '• • ·•' • •· ~---• '• ,' "·· \I"' t!ota.&ll 

of the three radionuclides w~re.generally higher in Mortandad 

Canyon vegetation than in vegetation from the other two canyons 

which corresponds to the concentration pattern observed in sedi

ments. Tho v.llues in l·1ortandad Canyon vegetation ranged to maxi

mums of 18 pCi 238Pu/g, 6.6 pCi 239P~/g and 200 pCi 137cs/g dry 

weight, corresponding maximums for DP Canyon \'lore 0. 76 pCi 238Pu/ 

g, 1.8 pCi 239Pu/g and 190 pCi ~ 37cs/g whereas the values for AP 

C.nnyon ,.,.ero 1.8 pCi 238Puig, 65 pCi 239Pu/g and 34 pCi 137cs/g. 

Average plutonium concentrations in vegetation from the lo~ 
. 

concentration pont-outfall segment in each canyon \•rere generally 
.,......,..,...,......,...... ,.-.~tWo.\101-.. 

not significantly different than control station values, with the 
...._ ... 1 •• ~ ............. , ..... ,,.,,.__._ ••• , ............ , ... ,, •• ,.., • ..,.. •• ""f' ....... ~ ~•·••• .... ·""-t'_ ........ "'~,. •••·-··- ..... ' '"""''' ••• • .,._ ... _. ·•:·•··~.,._,...._......,... 

exception of moss and lichen samples where concentrations remained 
..-.ua,...a.u...t.~.,...~-~~ •. ,.,.,.,_,_..:,.. ... :...,.• .... ~-- .... 4~·,, ....... _ ,.1k•W~'<'4•".J._~;.:Ar . .,.·~•::-.•n,.~~ 

relatively high. on the other hand, the 137cs concentrations in 
__.... ....... ,........., .. ·.··-· ··~· .. '. .... ~ 

all post-outfall vegetation samples·~ere significantly higher than 

control .. station values with the exception of the 640-10280 m 
.......... ,....L4.l·•· 

post-outfall segment of AP Canyon. 

Grass spesies~ mosses, and lichens, usually averaged higher 
==4 JL 1 ..... 4 • .._ ............ ,._ .......... 

in plutonium· und 137cs concentrations than shrubs. Concentrations 
..... ~ ....... --\· ... ~ ............ __ , __ ................ J4 ......... ~-·.. • .............. _, .. , _... 

tree ~peoies averaged lowest, although the differences between __ ..;;... ____ ........,._......_ ......... ...,~ .. 
vegetative types in some cases were not significant (P < O.OS). 

~ .. I• • • I 

A sJ.mJ.lar pattern was noted at Tri.l}.J..t_x._~J.te where grass specJ.es ___ _.....-. _____ ................... - . --...--.-__.. .... --··-·--oot·· ~ .......... ___ ,.,.. 

containe~ higher 239Pu concentr.ltions than·o~her vegetative types 
"""'ez _.., • . ·--........ ---~ ... .-.... _..,_ ..... ,.,. __ ~·········· ~ ............. ~ ..... :···· .............. , __ .............. ~ ................ ~·""-··~ .. -... --... ··-···· ........ - ..... -. 
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Wilkenson and Johnson 1974). Although ndclitionnl datu ure needed 

to substantiate these observations, one could s~eculate thnt 
:a> I IIJr:.--. ....... 

higher concentrc:ttions in the lo\" grO\'Ith forms (i.e.", grasses, 
... ·-........ ~-, .... 1>-1"0 .... - ................. #' ......... ··~-~ -· ' ••••• ·- •• , ....... ..... 

mosses, lichens} m~y be due to surface area relationships if the 
-- ....... t_..~,llt'-••,.._ ........................ :.•:..._."""'.,.4/JI\j ... ~.,._lliloi~~I'L-.... --~\-' :1~ ... ·, ........ - ........... "''-~;-, ........ ... 

contamination is on the plant surfaces or that rooting character-
___ .......,... ....... ,.-.· ..... ~ •••• , ..................... , • • ........ -·--· ... .- ..... _ .......... !'" .. ~-..··~·-·-..,._.-.-· --~···· '""""'·:.:..·.--~ 

istics and/or physiological differences between the species ac-

count f~;·;~;·~·~~~:~~nc:~~··.~~:·~~~~o~~Wll··~~.d .1:_?,cs c_oncentration-

~etw;·;;-~~~~·~-~~·~--· .. ·;·~asonal vm:iations in plutonium nnd 13.7c~ :con-
---·~··· ........ ···-........................ ····-· 

cen·trations in plant species should be studied in conjunction 

the food habi~ o'f herbiv.ores, to iden·tify periods of greatest 

tcntial transfer of the radionuclides to animals living in the 

·canyons. 

'l'he relationship bebteen the plutonium and 137 Cs concentra

tions in all vegetation samples were compared by canyon using lin____.,..__,..._ 
car least squar·as regression techniques. Significant relationships 

----------~--~~-----(P tl!.. 0. OS) between ~9J:.iv~ plutonium i_sotop.:.~.~.~~_:~~~.._.!ere 
observed in the Mortandad and DP Canyon study areas but not in AP 

21 
W ·_... A • tJo , • -,,.,~ .. ,. ...... t._. • .,..,.tA~ ... ~'-...""'~• "• ·•r-.,,1•1."-'-r·-••:--- ..... -.~ 

Canyon where "'::?.!=s.,and..~~~.~l?.u .. concentrations in sediment's and vegeta-
.. 1 pM .. 4 i 

tion were gener~lly near pre-outfall (control) levels. Al thoLtgh 
___.__....... .. ~ .. .,_. . ... ' . .... ' .. •.- ........... 

the correlation betwe~n 238Pu and 137cs in ~tortandad Canyon vegeta-

tion· (Fig. 4) was ·significant (r = 0. 79, n = 39} , the clumping of 

data near the. lowest concentrations, as observed for plutonium-

137c · • · d' b' d h · d · d' t d s compar~son ~n so ~ments, ~nse t e regrcss~on an ~n ~ca e 
~ . 

~ the need for data in the higher concentration ranges. Both physi-

cal and biological processes may be operative in the movement of 

the plutonium and 137cs into the vegetation (Hakonson 1975), al

though a physical process (i.e., external·contaminiltion of plants 

with resuspended material) would seem more likely. 
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The slope of the regression line in Fig. 4 represents the 

nvernge 238Pu;137cs activity ratio in vegetation. The value' of 

O.l compares with an average 238Pu;137cs nctivity ratio of o.oe 
in Mortandad Canyon se~iments (slope of regression line in Fig. 2). 

The similar activity ratios in sediments and vegetation suggest 
~-·· 

that a physical transport mechanism~ such as resuspension of 

radioactivity, could be operative in plutonium and J. 37cs movement 

to the vegetation component. If a biological mechanism (root up

take) were involved then the 238Pu;137cs ratio in plants would 

likely be smaller than in sediments since 137cs is the more solu

ble of the two nuclides and therefore, would be incorporated into 

plant tissues more readily than plutonium. This interpretation is 

obvious~y speculative, however, the exercise illustrates the poten

tial use of' isotopic ~atios in studying the mechanisms of radio

nuclide redistribution in the environment. 

Log trnnsforrnation of the vegetation concentration ·data im

proved the correlation bet\o,reen plutonium and 137 Cs only slightly 

for the Z.lortandad Can~'On comparison (Fig. 5), but resulted in 

considerable improvement for the DP and AP Canyon comparisons. 

The log relationships were significnr.t (P < o.os) for all canyons. 

Estimates of plant-sediment activity ratios {i.e.,: 

e.s}.-/g dry plant ) were made for each isotope to determine the pCJ./g dry sed1.ment 
relative movement of plutonium and 137cs from sediment to stream-

bank vegetation. The ratios were significantly higher (P < 0.05) 

in post-outfall moss and lichen samples than in the rem.aining 

vegetntion types in the respective cnnyons. The ratio varied from 

nbout 0.01 to 10 in mosses and lichens and from 0,0001 to l for the 
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remaining vegetation types. Relatively large amounts of soil 
,....,,... I.NidiT .. --particulates were associated with the moss and lichen samples .... ---------·.-....-~.......... .. . ... ~ ....... ,,.,., .. ,.- .. _...\.,,, . . . . ······•·· ···-· 

nccount for the higher activity ... ra:.tios in ... the.mosses.and. lichens. 
__ _,.,--~·~··"··"'"'·-- ......... ., . -. bQ-i-~.~oi~O::nl37 

There were no significant differences (P < 0,05) ·~ Cs 

and plutonium plant-sediment activity ru.tios within a. particular 

canyon indicating that the relative movement of the respective 

isotopes from sediments to vegetation were similar. However, the· 
239Pu (and 238Pu) plant-sediment satios in DP and AP Canyons were 

significantly higher (P < 0.05) than corresponcling ratios in 

~1ortandad Canyon indicating that a relatively greater transfer of 

· plutonium to vegetation had occurred in the two canyons that have 

received wastes over the longest times. The differences in 137cs 
plant-sediment activity ratios betNeen canyons were not:. signifi-

: .. 
cant. 

Although the data comparing isotope ratios are certainly not 

conclusiv.e, such ratios may be useful in advancing our knowledge 

on environmental plutonium behavior. 

Radionuclides in rodents 

Average concentrations of plutonium were highest in the lun~ 
----~----·---.. ··-·--_______ ..... __._... .. .. -. ....... ~,........-~.,JJf•:-'~ 

and/or pelt tissues of rodents from the three canyons (Table 5). .. . .. tl %? .. ' -·-.. --... -.... ~-- ........ ,,....__......,._,.. ..... , ....... __ .._... .............. .............., 
Concentrations of plutonium in liver and carcass tissue were gen-· 

cz:ully at the analytical detection limits. Elevated 137 Cs con-

ccntrations were measurable in carcass tissues, '~ith maximums of 
10'3........ ~ -

· ~ pCi/g~ occurring in DP outfall samples. Concentration 
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TABLE 5 •. Mean concentrutions o; plutonium und cesium in r9dants 
from the liquid disposal areas during 1972. · 
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Location
Sample Type* · 

DP-Los Alamos 

Lung 

Pelt 

Liver 

Cal·cass 

r.tortandu.d 

Lung· 

Pelt· 

Liver 

Carcass 

Jl.cid.:Pueblo 

Lung 

Pelt 

Liver 

Carcass 

·.' 

., 

No. 
Sample$ 

G 

6 

6 

6 

2 

2 

2 

2 

4 

4 

4 

4 

~. ·--, 
~ONTROL :J 

. . ...... ______ . 

0.04 (130) 

0,06 ( SO) 

0.004 (160) 

0.002 (110) 

0.02 (140) 

0 ( 0) 

0.004 (140) 

0,001 (140) 

0.04 (170) 

·0. 003 (110) 

o.ooa < 90) 

·o.o (200). 

u 239Pu 137cs ~ n. 

0. 04 (190) 

1.3 ( 70) 

0.02 (110) 

0,02 . (100) 

0,02 . ( 60) 

0.03 ( 80) 

o. 002 (140) 

0 { 0) 

0 0) 

0.01 ( 70) 

0.02 ( 80} 

0,007 (150) 
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·f 
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:! ,., 
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1· ... . ' ,., 
,\ 

3,2 (140) :r 
''· .,. 
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L 

! ,. 
'·· . ~ . 

I, 

·1~2 (12)-r 
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' ~ 'J: 
·, 
•I 

,· 
·I 

' ' '0 
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TABLE 5., Continued 

Location ... 
Sumple Type* 

DP-Los Alamos 

Lung· 

Pelt 

Liver 

Carcass 

Mortandad . 

Lung· 

Pel.t. 

Liver 

Carcass 

Acid-Pueblo · 

JJung 

Pelt 

Liver 

carcass· 

No.· 
Sample· 

19 

19 

19 

19 

5 

5 

5 

5 

5 

5 

5 

5 

• 
P ~ ,· 7 ~ c. ... ,1 w I!.. I ~ \'\ ·1 .. 

238Pu 239Pu 

OUTFALL 

0.08 (130) 

O.ll (llO)· 

0.041 (160) 

0.01 (1410) 

1.3 (160) 

1.9· 70) 

0.12 65) 

o. 07 (100) 

o.oa ( 90) 

0,03 (110) 

0,08 (170) 

0.004 ( 70) 

0.04 (130) 

0.74 ( 60) 

o.oa (120) 

0,07 (200}. 

0.57 (130) 

0.28 ( 60) 

0.03 { GO) 

0.01 (110) 

0.02 (150) ·. 
... 

0.36 ( 7 0) 

0.03 (130) 

0.04 (140) 

_ .. 

l37Cs 

103 
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TABLE 5., Continued 

Location
Sample Type* 

DP-Los Alamos 

Lung 

Pelt 

Liver 

Carcass 

Nortandad 

. Lung 

Pelt· 

Liver 

carcass 

Acid-Pueblo 

L\U\g 

Pelt 

Liver 

carcass 

No. 
Sample 

5 

5 

5 

5 

a 

8 

8 

8 

16 

lG 

16 

16 

• 
pc.,· ~~ ~Y"'/ w ~\~ '"~. 

23BPu 239Pu 

2560 m POST-OUTFALL 

0.06 ( 90) 

o.ol ( 74) 

0.02 (160) 

o. 001 (190) 

3.1 (250) 

o. 22 (230) 

0. 02 (110) 

0.006 (160) 

0. 28 (220) 

0. Ol (130) 

o.oa (170) 

0. 002 (12 0) 

o.oG (190) 

0.04. (100) 

0.02 (180) 

0.01 (130) 

. 0.32 (220) -o.oa (240} 

0.02 (120) 

0.002 (120) 

15 (410) 
,.. 

o.oa (190) 

0.03 (110) 

0.006 (120) 

'\ 
;'j• 

0.30 (230) ::: 
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TABLE 5., Continued 

• 
'!'·• ===================::;::::;:===:::;:::;:::====== i;~. pc.. ( J 'l 6-v-"1 v' .q~'\~.,_ l'f_ 

Location- No. · f,. 
S 1 T * s 1 238Pu 239Pu 137Cs .i)l -amp e ype amp o ______ ..__ ____ ......_.. ______ ~ ______ ........., __________ 'f!: 

!l 

DP-Los Alamos 

Lung 

Polt 

Liver 

Carcass 

Nortandad · · 

Lung 

Pelt 

Liver 

Carcass 

.Acid-Pueblo 

Lung· 

Pelt 

Liver 

carcass 

10 

10 

10 

10 

13 

13 

13 

13 

4 

4 

4 

4 

10 280 m POST-OUTFALL 

0.04 (150) 

0.06 (120) 

0. 01 (210) 

o. 001 ( 90) 

2.9 (300) 

o.so (460) 

0.04 (250) 

0.01 (270) 

0.02 (120) 

0.01 (130) 

o.o~ (120) 

0.002 ( 80) 

0. 06 (100) 

0.03 90) 

o.o1 67) 

0.001 90) 

l. 4 ( 340 )· 

1.3 (360) 

0. 08 {220) 

0. 004 {210) 

0.02 (110) 

0.08 ( 70) 

o.o1 70) 

0,004 SO) 

' 'I 
. ·;~ 
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• f i~ 

'I . 
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1.2 (2 90) 

I ., . . . ,. .. 

•"}r' 
> I 

:1 . 

" .. 
··I 

' 1 

·t 
·l . !· 
.I • 

·f 
·l 

I 
·J ,. 
·i" 

- ·L 

!· 
I . . : \, . 



.---------------------
' ( 

•• • -19-

patterns with distance post-outfall were not consistent with the 

patterns observed for vegetation und sediments. Na:dmum concen

trations of all three radionuclides in rodent tissues in some 

cases occurred :i.n samples from the dO\mstream sampling locations. 

A relatively high mean concentration of 137cs \<las measured 
/DCA.JrloV'\ ,·~ 

in rodents from the ~rm~~outfull sc~t ~ DP Canyon where 
-· A. cediment concentrations averaged 920 pCi/g. The stream channel in 

this portion of DP Canyon is rela-l::.ively undefined, resulting in a 

large lateral contamination of sediments \<lith radioactivity. 'l'he 
· · hoa 

rodents living in this region ~ a more intimate contact with 
drd 

. the radioactivity than &II the rodents in the 0-160 m segrnen·t of 

'Mortandad which has a narrow, well-defined stream channel with 

sediment 137cs concentrations comparable to the 0-20 m post-outfall 

segment of DP Canyon. Nortandt,~..d Canyon rodents from the 0-160 m 
Ll)h' t ~ ~'/'l o ~ t~\a '-.. 1 t, c. t 't:' f~r.;.~~.. r".c.!.'t!. ~;·· OQ-\-~1" l"'''l 'r'\lt'l~ +~<2. ..?.Coio~IC.~.t\ ... ~ o.:i- ,_,.II:> h 1 ~ S f"" b~grn~J1'f')fvcirag~deo~iy 0. 84 pCi 137 Cs/g carcass~.{ The plutonium 

concentrations in most rodent tissues were not significantly dif

ferent between canyons. The coefficient of variation for mean . 

concentrations of all three radionuclides generally ranged from 

100% to as high as 410%. Factors such as rodent species differ-

oncos, food preferences and movement patterns in the contaminated 
.. 

areas ~re likely important components of ·this extreme variilbility, 

CONCLUSIONS 

Based on r~dionuclide concentrations, it appears that sedi

ments are the major reservoir of the plutonium and 137cs released -.... __ ,..._ _____ ........,., ...... _..... --....... ~-.....-... .... _~..,~-~ ................... 
to tho thr.ee cany,on_s_tUdY. nreas. The clo\omstrearn distribution of ________ .... ,.~-. . -- .. ··-···-
these r~dionuclidcs is influenced by hydrological characteristics 
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of the canyons .. 1l1r£:.:tturt-1h: transport of sediments during storm 
C\.\~~~~·~f'~·i o b .C:. _ 

runoff events ~ a major vector in the dO\-rnstream movement of the 

radiocontaminants. Statistic~lly significant (P< 0.05) correla

tions between ~ediment plutoni~m and 137cs provide supporting 

evidence for a physical transport process. Data indicate that 

transport distances are considernble in the DP-AP Canyon system 

but are relatively minor in Nortandad canyon due to hydrological 

differences between canyons. 

f.lovemen·t of plutonium and 3·37cs into the vegetation component 

of the canyon ecosystems was detectable. Plant-sediment activity 

ratios of 10-4 - 10 were observed, indicating that relative con

tamination of plants under natural conditions is great~r than 

would be predicted by greenhouse studies. Data indicate that 

pl~nt-sediment plutonium activity ratios are higher in the areas -which have been· used for waste disposal over the longest time. - II 

}Jigh~st mean· concentrations of pluto11i'um in the lung and pelt)ll 

of rodents from the canyons suggest that a physical mechanism is . ~ 

operative in the movement of this element to small ground-d\'lelling t 

mammals. 
137 .\~ 

The var~ability in plutonium and Cs concentrations .di 

srunple groups was large. The coefficient of variation ,.,as smallest 
" 

for sediments and largest for vegetation and rodent tissues, The 

extreme variability indicates the need for large sample sizes to 
-~ 

demonstrate.diffcrences between study treatments. 
·' 

A major impact of time on~ distribution of ,.,.aste contami-

nants ho.s been in the downstream transport waste 'contaminants. 
c·----~~-----~~--~------------------.• 
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The estimates of residual plutonium in the AP and DP Canyon s~s

tcms, based on the sediment x:adionucl,ige conC..CJJ tration data for 
1'\'\.> )~~ 9 0 :t~ ,. 

l9i2, indicate. th~t :tz::s.s thc:m :tal of the estimated input has • '<: ::c 
flushed out of the-canyons. In Mortanda~· Canyon, the waste plu-

toni\.un is confined to the 3500 m segment immediately below the 

wasta outfall. Some of the data indicates increased plant uptake 

of plutonium in the oldest waste disposal areas. Such differ

ences cannot be demonstrated for rodents with data presently 

available. 
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