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_Abstract, The'results of an ebologicdl investigation of piu-

137

. tonium and Cs are decrled for three canyons which hav; been

used as liquid waste dlsposal areas ab Los Alamos. Stream channel

———

sediments were identified as the ma3or reservolir of waste radio-

activity based on the relatlvely nmgh rad;onucllde concent*atlons
.,_._.-—-—-—-9
measured in this component. Hydrologlcal sediment transport proc-

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

—

movement of radxoact;vmty. Statlstlcally significant correldtlons.

" ————

between plutqnlum and 137Cs in sediments downstream from the waste

outfalls support a physical transport mechanism in the redist#ibu-

tion of sédiment'radidacfivity;. Substantiall& higher plant:sediment

Lactivity ratios were calculat;éd_ for plutonium in the canyons than

———

correspbnding'ratios derived by others through laboratory experi-

Esggggign. Signiflcant positive correlutmons between plutonzum and,

13703 conccntrations in vegetatlon were observcd in two canyons

which’ currcntly rccequ wastes" but notlln the third canyon which
has not rec=1ved wastcu for 10 years., Highest average concentra-
‘tions of plutonium in small ground-dwelllng rodents living adjacent
to the contamlnatcd streams were observed in lung and pult tissue,
1ndlcating that resuopen31on is 'likely a major mechanism 1n the

—

contamination of the. rodents,
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INTRODUCTION i - - %.
The Los Alamos Sc1en+1flc Laboratory (LASL) has 1nvest1gated g E

various aspgcts of the nuclear energy field for over 30 years in a

v

great: number of fabrication and exparimental facmllples scattered

over the Laboratory site. Liquid waste streams from some of these

facilities contained low-level amounﬁs of rédibnuclides such as

plutonium and cesium, which after collectmon and trcatment were

released at about 0.5% of the maximum permissible "oncentration

(ICRP 1962) to specific areas in the surrounding environment,

A discussion of environmental plutonium behavior, based on
.the few pqrtingpt open literature publications, appears in two re- .
cent reviews (Hakonson 1974, Hanson 1974)., It is evident.that plu-
tonium 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 adsorptibn, ab- {

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

i

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

2
2 ‘ '

= factors vary with ecosystem type., Our approach at investigating

¥ ..

% some of these factors has been to compartmentalize the ecosystems

s under study. Such an approach required, as a first step, the iden-

tification of plutonium receptors in the ecosystems. This pape}

" presents the results of a radioecological survey conducted in
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October and November 1972 in three canyons which received liguid

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

objective of the study was to document the 238Pu, 2399u, and 137Cs

lavels in sgeveral canyon ecosystem components as a function of dis-

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

—

eoosystem components of importance in radionuclide redistribution.

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

137Cs isotopic relationships,

tration variability, plutonium and
and the influence of canyon use history on radiocontaminant behav-
ior. A small portion of the data appearing in.tﬁis‘baper was pre-

sented elsevhere (Hakonson et al. 1974). . ,

-METHODS AND MATERIALS

Y Study Area

The Laboratory is located on the east flank of the Jemez .

~Mountains, on a portlon of the Pajarito Plateau, in north~central

New Mexico. The plateau, which has pronounced elevgtional gradient
in the east-west direction, was formed by successive'ash flows from
a volcanic area 32 km té the west, The Laboratory area has a semi-
arid, conﬁinental'mountain climate; precipitation averages about 46
cm at the higher elevations (~ 2200 m) on the west and about 18 cm

at the lower elevatibns {~ 1650 m) 6n the cast. Rainfall accounts

for about 75%'Lf the annual precipitation, Drainage from the 113

Xm? Laboratory site is via the many canyons which bisect the pla-

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

since its beginning in 1943, were collected by industrial waste

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

ey ey s e L ST

drainage canyons (Fig. 1). Ac;d-Pueb]o (AP) Canyon received un-.

-~ treated liguid waste from 1943 to ]964 /)The treatment facmllty

was subsequently decommissioned and dlsmantled and AP Canyon has

not received liQuid wastes for about 10 years. DP-Los Alamos (DP)

Cahyon‘qgrrently receives effluent from a treatment plant as it
Ay L bbb ay

has since 1952, It is anticipated that this facility will be de-

‘commissioned within the next few years. Mortandad Canyon has re-

"eceived effluent from a waste treatment fac;llty since 1963 Its 3
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-use as a disposal area is expected to continue into the future.
In general, the physical features of the three canyons are
‘gimilar. Near the waste outfalls at elevations of about 2200 m,
the stream channels are narrow (< 1 m), rocky, and contain rela- é_
tively thin léyers of sediment (4_30 em). The stream chaﬁnels de- - \;
crease abqut 200 m in elevation within 2000 m of the respactive
outfallsj'whgre they widen to 2-3 m and the alluviuﬁ generally in-

creases in depth (i;e. from 30 em up to 35 m), In Mortandad Canyon ‘;. ,
. \ Ho.

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

{

Canyon, the increase is slight until after the two canyons join. i

The AP and DQ‘Canyon systems join about 10000 m below the DP Canyon

FFICIAL

waste outfall and continue as one canyon for an additional 6000 m.

<0

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

LASL-AE

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

Rio Grande. ' : : i
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ACID - PUEBLO-

MORTANDAD

e = CONTROL STATION
TAPPROXTMATE _SCALE :

KILOMETERS - ) . / §“’
1.6 o -6 32 - T 4/’@\-‘"‘“ 4
T
) £16. 1. Plutontun and 23cs’sampiing locations in the - . ,,/

three canyons receiving liquid effluents. - . '(‘
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Surface water exists in portions of all three canyons as a
fesult of Laboratory effluents and/or domestic sewage, but these
flows occur only in small segments of the canyono near the outfall
areas, Relatiﬁely larée flows occur in all three canyons.during
storm runoff events. Storm runoff reaches the Rio Grande in the -
AP-DP Canyon systen whereas the runoff water rapidly soaks into
the thick alluvial doposits in Mortandad Canyon and seldom reach

post-outfall distances exceeding 3 km,

A detailed chemical characterization of the liguid wastes cur-

rently released to DP and Mortandad Canyons has not beén attempted.

 g——

We know that the wastes are alkaline (pH averages about 11) as a

consequence of the treatment process and that large, but unquanti-
fied amounts of chelating agents such as EDTA are present in the

offluent. Volumes of effluent entering the canyons average about

2 x 10 1/d into Mortandad Canyon and 2 x 10 1/d into DP Canyon,

ROV TIY Yok Lh i S Aatlannidhads \-m~4--mo.vn-mm

Releases into Mortandad Canyon occur on & dally basis, whereas re-

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

rapidly soak into the alluvium below the waste outfalls and dis-
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appear underground about 800 m post-outfa;l 1n Mortandad Canyon and
POs oAk Eall - e
about 89 nk}n pp Canyon.
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Available treatment plant records were used in estlmatlng the

amounts of plutonium released'to the three canyons (Hakonson et al,

1973}, Plutonium additions to AP Canyon were estimated as, 170 mCi

AL L LD a7 s Trer s b et s

fxom 1943—1964. About 80% of this quantity was released prior *o

1950 and virtually all of the plﬁtonium was 239—240?!.1 (hereafter

239

refexred to as Pu), An unknown amount of radicactive soils/

sodiments 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, DP Canyon received an estimated 32 mCi Lhrough 1972 and,
239

at the present time, the Pu/238Pu activity ratio in the effluent .. ?'

measures about 1, although most of the plutonium rcleased to this ;

canyon was 239Pu.- The release into Mortandad Canyon was about 42

mei through 1972, and since 1968 most of the Pu on an activity '

bast wasg 238Pu; Prior to 1968, nearly all of the plutonium re-

1eased to DP and Mo*tandad Canyon was 239PL since 2 ?Bu.waglnot
handled in quantity at the Laboratory until 1968 L R i

Total 13705 additions to the canyons could not bo estimated
Sasmersinenamseh

with availlable data. During 1973, about 300 mci_were released to ]

Mortandad Canyon'and 1 mCi to DP Canyen. Of the three canyons,

it is thought that Mortandad Canyon received the largest total }

amounts of this nuclide.

_ Samgling' . | -

A sampling network was established in the canyons during the .3
sunmer of 1972 (Fig. 1) at two locations above the waste diééhérge ‘
outfalls to serve as coﬁtrol.areés and also at 0, 20, 40, 80, 160,
320, 640, 1280, 2560, 5120, and 10246 m below the respecti?é.waste*
outfalls. Considerably more ‘sampling emphasis was placed on the ;
area immediately below the outfalls because radionuclide concentra- 3
tions were egpected to chaﬁge rapidly in this region,

A core sampling technigue was used in the collection of sedi-
ment samples, A section of 2.4 cm diameter plastic pipe was sharp-
ened on one end and was gently driven with a hammer into the sedi-
ment to a maximum depth of 30 cm. ' Each station was sémpled at the ;3

center and two lateral positions in the stream channel for a total y
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of three cores per station. The coring device resulted in about
a 108 compaction of the contained core. In many cases, sampling

depths wexre legs than 30 cm, especially in the upper portions of

the canyons where alluvial deposits were shallow., Sampling depths'

also varied from core to core at each station although in most
e%uwc\\an-r-
cases were about 22:nm Individual sediment samples were scaled

-

in a plast*c bag to prevent cross-contamination and they were

frozen until the radionuclide analyses could be initiated. The
frozen core samplé from the centexr of the stream channel was sec-
tioned into a 0-2.,5 cm, 2.5-7.5 enm, 7.5~12.5 cm and a remainder

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

-tion of 137¢s ana plutonium. - o

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

was collected at each sampling station.to determine the key plant

d 13703. In addition, mosses and crus-

receptors of plutonium an
tose lichens were sampled when available, Only those plaﬁts‘which .
were diréptly'rooted in the stream channel, or that were iikely to

be inunaated'dufing storm runoff events, were collected. The |
aamplesvconsisted of the complete above-ground portionélof £ﬁé

W, ek

grasses; mosses, and lichens and the terminal leaves and stems of
the shrub and tree species. Particulates were not removed from
the exterior-of the plant surfaces prlor ‘to radiochemical analysms.
A conqiderablc amount of soil was associated with moss and lichen
samples. Each sample was bagged and sealed immediately upon col-
Most.species were

lection to prevent sample cross-contamination.

identified to genhs prior to analyses,
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Small mammal collectilons were made in the control aréé above
the respective outfall locations, and at the 0, 2560, and 10240 m
post-outfall sampling stations. Snap traps were positioned on a
6 x 8 grid.nétwork at each station with two traps at each grid
point for a tbta1 of 96 traps per station. Eight grid points were
established at 5 m 1ntervals parallel to the stream channel,‘;nd
slx were established perpendicular to the stream channel at 10m -

intervals, Peanué'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

first removed from the animal to prevent contamination of the re-
mainder of the carcass with pelt debris. The skinned carcass was
cleaned Qiﬁh'a damp paper towel to further reduce the probability

of cross-contamination. The lung, liver, and evicerated carcass

were saved, along with the pelt, for individual radionuclide analysis,

Radionuclide aﬁalysis
' ' 1
Vegetation and rodent carcasses were oven—drled at 100 C for

24 h and then were muffled at 450°C until a whlte ash was obtalned

“Ashed blotmcﬁsamples were dissolved in 50 ml of 7.2 N HNO3 1n a

500-ml Pyrex beaker and were analyzed for 137Cs on a 7.6 x 7.6 cm
NaI (Tl) scintillation detector. Oven-dried sediment samples were
counted in a 600-ml Pyrex beaker and the height of the contained

volume was recorded to the nearest millimeter. Standards contain-

. : /7 :
ing known quantities of 137CS were prepared in the proper geometry

R U,
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to compare with sample materials, Some samples contained measur-

able 134C5'and 4OK and the chanpels xatig method waé used to cor-

137 134Cs and 4OK contributions,

rect the Cs photopeak area for

The minimum'l3705 sengitivity (P < 0.05) of our gammé detec~

tion system was: |

- Sediment (50-gram sample) - 0.09 pCi/g
Vegetation (l00~gram sample) - OﬁmDPCi/g

Mouse Carcass (l5-gram sample) - 0,30 pCi/g

42

All sample materials to which tracer quantities of 2 Pu were

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

exchange sepératioh, electrodeposition, and alpha~ray spectroscopy

"to quantify the plutonium content. The total sample was carried

through the plutonium chemistry to eliminate any errors associated
with aliquoting a complex matrix, such as the sediments. The mini-

v . " .
mum detectable amount of 233Pu and ‘39Pu based on the variation in

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

of the 242Pu tracer. Tracer recoveries for sample data réported in
S 30 .

this paper varied from1§2100% and averaged about 45% since the pro-

cedures used were not optimized for biological samples.f As proce=~

\

dure improvements were developed, low activity samples with recov-

eries below 305 were either reanalyéed or excluded from the follow-

ing data analysis.

RESULTS AND DISCUSSION

Radionuclides in sediments

The mean 238Pu, 2399u and 137Cs concentrations in sediments

along with variability estimates as a function of distance from the

- -
e -y fe— -
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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, %

. b
whereas post-outfall concentration averages were based on a sample H

SRR - pov gy

size of three.

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

2200 pCi ;°7Cs/g were measured in sediments from Mortandad dﬁﬁyon,

the arca that has been used for lquld waste disposal for the

1o
least amount of time (lﬂ'years). Concentrations in Mortandad
—

Canyon sedmments typlcally averaged 5~10 times higher than those
‘This

Sy s b e e Cea el e e

_in DP and AP Canyons at comparable post-ocutfall distances.

observation is noteworthy in that both DP and AP Canyons received

-about as much or more plutonium than Mortandad Canyon.

-

Concentration patterns with distance post-onELraYl were similar
between canyons in that highest values were measured near the waste .
outfallslwith lower concentrations occurring further doqutréam.. i
The highest concentrations of plutonium and 137Cs in AP Canyon sgdi—
ments were measured at the 80 m post-outfall location in an area of -
sediment accumulatiou.

Concentratlonn of plutonium and cesium in most post-outfall
\

it e o

sediment samnles rcflcct the addition of lquLd wastes to cons;der-
able distances downstream evﬁ; though surface water does not exist
in the lower .reaches of the canyons through most of the year. Plu-

S ete——

tonlum and cesium concentrations about 10 times control values wexe

CAe e e g o

measured at the 2560 m sampling station in Mortandad Canyon which

—

was about 1500 m downstream from the last permanent surface water

[a—

in the canyon. The downstream edge of the contamination was locat-

ed about 3500 m post~outfall with the aid of gamma radiation survey




TABLE 1, Average cesium-137 and. plutonium concentrations in sediments -
from control and liquid waste contaminated arcas during 1972, -

B A s

s

Canyon-Sampling .
Location * ' " 23%Pu (pCi/g dryl  2%%Pu {pCi/q dry)  17Cs (pCi/q dry)
Mortandad ' '
Control 0,17*%( 99)#* 0.47( 52) 2,0 (85)
pr** 160 ( 40) 59 ( 22) 2200 ( 43)
20 110 ¢ 94) 70 .( 86) 510  (100)
40 65 ¢ 91) 26 (120) 530 ( 94)
80 39 ( 62) 9.6 ( 55) 630  ( 14)
160 86  ( 87) 38 (110) 1200 ( 30)
320 20 ( 93) 3.3 ( 81) 290 ( 74)
640 17 ¢ 6) 4.0 ( 28) 320 ( 19)
1280 6.8 ( 42) 2.4 ( 38) 90  ( 30)
2560 8.6 (110) 2.5 (110) 91  ( 71)
5120 0.05 (140) 0.06( 73) 1 0.57¢ 26)
10280 0.01 (120) 0.02(130) 0.31( 11)
DP-Los Alamos
Control 0.02(150) 0.03( 58) 0.31(100)
_ 0 2.1 ( 66) 28 (68) 1700 ( 74)
. 20 1.5 ( 37) 7.9 ( 89) 190 ( 52)
§' 40 0.06( 76) 0.58(120) 5.9 ( 80)
§; 80 0.20( 84) 2.5 (120) 49 (140)
3 160 0.15( 46) 0.61( 43) .24 ( 22)
3265“ 0.17( 54) 0.5 ( 75) 15 ( 33)
640 Q.23 77) 0.70( 46) 51 ( 22)
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TABLE I, (Centinued)

.........................

Canyon-Sampling
Location ©230py {pli/g dry)  "23%Pu pCifg dry) 137¢s (pCifg dry)

DP-Los Alamos

mean

2560 0.03( 66) 0.17¢ 69) 13 ( 12)
5120 0.03(130) 0.36( 82) 3.6 ( 42)
10280 - D.05¢ 64) 0.13( 35) 1.6 ¢ 28)
Acid-Pueblo | ‘ |
Control | 0.009(100‘ ) 0.20 (100) -0.,36( 78 )
0 0.02 ( 50 ) 2.3 (120) 0.53( 15 )
20 0.09 (150 ) 2.2 (38)  0.02(140 )
40 0.05 (100 ) 6.9 ( 99) 1.5 (140 )
80 1.0 (76 ) 54 64) 0.74(100 )
160" 0.08 ( 35 ) 8.5 ( 87) 14 " (42 )
320 0.08 ( 7.5) 12 ( 23) 1.1 ( 6.4)
640 0.08 ¢25 ) 11 ( 29). 1.5 (21 )
2560 0.02 (100 ) 1.5 ( 19) 1.1 ( 30 )
5120 0.01 (100 ) 0.35 ( 80) 1 0.31( " 2.6)
- 10280 0.02 ( 50 ) 0.74 ( 66) - 0.20( 30 )
5} SRS SR R
5- Control mmeans based on six samples, post-ouufall means based
;_ based on three samples
3 * Coefficient of variation (standard dev;aylon x 100)

Meters below waste effluent outfall.
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instrumenté. -Elavated 238Pu levels measured at the 2560 m loca~-
M +

tion, demonstrate that the downstream transport of this isotope

. ; . e 2
occurred within a four~year period, since significant 38Pu was

not released to Mortandad Canyod until 1968,

Plutonium-239 and l37Cs concentrations significantly (g'f 0.05)
above coﬁtrol station values, were measured at the 10280 m sampling
location in DP Canyon, some 3000 m below the confluence of gand

AP Canyon and' about 4000 m downstream from any permanent surface

water, Relatlvely low sediment concentrations of 238Pu were measured

in the DP Caﬁyon study area indicating that eithex iow'quantitres of
this isotope were reieased to the canyon énd/or that substantial
redistribution had occurred.

Storm runofr, cspecmally rain, has been implicated as an impor-
tant vector in the transport of radionuclide contaminated aedlmcnts

down the canyons (Klngsley 1947, Purtymun 1974)., Surface flows

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

often reach the Rio Grande. Data presented elsewhere (Purtymun

et al. 1966) indicated that sediment concentrations of plutonium

dn thé upper reaches of DP Canyon increased through the fall=- .
wihtér ﬁcnths as wastes were released to the canyon and decreased
through the summer months as storm (rain) runoff évents merd the
contaminated ‘sediments downstream. Hydrological data gathered over
the last 16 years show that an average of four such events reach

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

the Mortandadléagyon watershed has never reached post-outfall dis-

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

[

rated alluvial deposits up to 35 m in depth beginning about 2000 m
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post-outfall. Thus,'hydrcloéical and accompanying sediment trans-
port characteristics of these semi-drainage canyons appear to be
an important factor in the downstream movement of liquid effluent
radiocontaminants,

If a physical transport process (i.e, sediment transport) is
operative in thé downstream movement of radioactivity, then ggé
could speculate that the relative distribution of plutonium and
cesiuﬁ'with distance might be similar, since differences in chemi-
cal behavior would be at least partially negated. The correlation
between individual sediment concentrations of the réépeétive iso~
topes of plutcniﬁm and l37Cs, varying over 2 to 3 orders of magﬁiF
tude, were aignificant (P < 0,05) for most comparisons in Mortandad,

DP, and AP Canyons, as determined by linecar least squares regres-

sion.

238 137

The least squares regression line for Pu vs Cs in 27

_samples from Mortandad Canyon (Fig. 2) was ¥ = 7,7 * 11 (SE) +

0.08 % 0.0} X (r = 0.63), The regression intercept (7.7) was not
significantly diﬁfercnt (p < 0.05{ from zero. Even though the data
were relatiVelyvwell-distributed along the regression line, there
was an obvious clumping of lower concentrations near the origin,
This tendency was even more pronounced for the DP énd AP Canyon |
data comparisons, indicating that samples from areas of intermedi-
ate concentratipns werc needed to better define the plutonium-

cesium relationship. Correlations were improved by log transforma-

tion of the concentration data as shown by the 238p, vs 137¢s com-

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

of the latter comparison was not immediately obvious in terms of

e R e ae b, e et e e
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R FIG. 2. The relationship betheﬁn 13705 ana 2 8Pu concéntrations in Mortandad Canyon
: sediments from the 0—2560 m segm.nt below the liguid waste outfall.
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distributional relationships, the regression may be useful for

predictive purposes.

gimilar relationships between plutonium and 137

Cs concentra-

tions are under study in the terrestrial ecosystem at Trinity Site

(Hakonson and Johnson 1974) where the world's first nuclear weapon

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 envirens, then a relationship may

exist between plutonium and 13765 concentrations in various eco-

system components.

Plutonium and 137¢5 concentrations as a function of sediment
depth for samples collected in 1972 will not be presented at tﬁis
time since another paper at this symposium treates the subject in
detail (Nyhan et al, this symposium). 1In geﬁeral, plutonium and
137ce were relétively well-mixed Qith depth at most samplind loca-

tions. The fact that 2°8Pu had penetrated to the lower sampling

depths (>-12.5 em) in Mortandad Canyon indicated that the mixing

process was rapid compared o vertical penetration rates for plu~
In Mortandad

tonium in terrestrial ecosystems (Francis 1973).

Canyon, 2389u penetration to fhe 12.5-30 cm depth profile had cc~
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 aboﬁt
80% in a range of 6-150% for all three canyons.

137Cs‘meésurements averaged about 50% in a range of 3-140% gor all

canyons indicating that the 137Cs may be more‘homogeneously distri-

buted throughout the stream channels than plhtonium. Differences

The CV for sediment
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TABLE 2. Mean Concentratrions of plutonium and cesium in sediments and vegetation fron a control and two contani- )
nated segments of Mortandad Canyor during 1972, N . ‘

Sarple. No. » Control {pCilg duvy) No. _0-160 m Post-cucfall {pCifg dry) . 160-2560 m Post-cutfall {pCi/g dry)
W: SB’IQS 1upu 1"?0 :)7Cs S:umlés xupu 2:1pu l!’IB

Samples ¥M'py  133py A

Sedirent . 0.17 (S9) 0.47 (52) 2.0 (65) 15 93 ( 79) 40 (95) 980 (78) 12 12 (92) 2.6 [£69) 200 ¢( 76)

Grass 0.02 ( 63) 0.003(58) 1.1 (110) 5 17 (€4) 1.7 (8) 76 ( 8Y) 0.22 0.07 ‘ 73 (110)

Shrub 0.005( 79) 9.003(42) 0.22( 32) 13 c.71L (170) 0.14 (1S0) 9.5 (190) 0.02 ( 84) 0.008( 43) 5.4 (120)
0.004(100) 0.005(44) 0.03( 79) _ 0.16( 82) 0.06 (150) 0.94(100) . 0.009(i40) 0.008(120) 0.37( 70)
0.08 ( 66) 0.08 (88) 0.62(130) 3.4 (150) 1.5 (120) 36 ‘ (140) 4.3 (120) 2.6 (100) 260 ( 64)
0.1 0.6 8.0 13 (39) 6.6 (29) N0 ( 69) 1.4 0.67 23

* Genera co:':pnsing the vegetation types vere: Grass-Poa, Bouteloun; Shrub-Quercus, Arteaisia, Ecrbcn.s Chrysothaznus, Prunus, Ribes, .

Physccarpus, Rhus, Salix; Tree-Acer, Juniperus, Pinus, Psuvedotsuga; moss and crustose lichens- not identified.
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. i
in the chemical behavior of the two elemerts would be expected be- ﬁ
cause +37cs 1s likely more soluble than plutonium in post-ddtfall B}
sediments, -
The 239Pu/zaepu activity ratios in sediment averaged 0.31 *
0.12 (D), 4.6 % 2.4, and 50 * 25 for Mortandad (from 0-2560 m

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

PP, S

of ghé two radionuclides. ' :

Radionuclides in vegetation

The plutonium and 137Cs concentration data for vegetation

o e et i

wvere grouped ihto rather general categories due to the lack?of
similarity in plant species composition down the canyons and to’
the émall'number of samples collected frém indi;idual‘locations
(Tables 2-4). The contaminated portion of each canyon was divided

into two segments; one near .the waste outfall, where sediment

L L U

radionuclide concentrations were relatively high, and one further

" downstream where sediment radionuclide concentrations averaged

- S

about a factor of 10 lower. Average sediment concentrations for

i~y

the various stream channel segments also appear in the Tables.
. . \

The variability in plutonium and 1370 concentrations within

—

!

vegetation types was large. The coefficient of variation range

e 3

e s e e

about 12% tol??O%. At least some of this extreme variability was

the result of grouping the ﬁata by vegetation types and by arecas

of relative sediment radionuclide concentrations., The data were

. LASL-AERC - CFFICIAL

not sufficient to compare concentrations by species and by indivi-

dual sampling locations.

B el LT T Sy




TABLE 3. Mean concentrationsof plutonium and cesiun in sediments and vegetation from control and two conta=i- .

nated segacnts of DP-Los Alamos Canyon during 1572,

Sazple Ko. Control (pCé/q dxy} No. 0-20 m Post-outfall rpCJI/g' dayl No. 20-10280 m Post-cutfall [pCi/q dry)
Type* Sazples  1'fpu 23%py 137¢s  Samples  I''Pu 133py 317cs  Sarples 2Py itpy 137¢cs
Sedirent 6 0.02 (150 ) 0.03 ( 58) 0.31(100) 6 1.8 (S8) 18 ( 94) 920 (120) 21 0.1Z (00) 0.73 (162) 18 (124)
. Crass 2 0.04 (110 ) 0.07 ( 81) 0,05(140) 4 ©.76 (120) 1.8 (160) 19¢ (43) 9 06.03 (71) 0.09 (110) 2.4 (110)
: Shrub 2 . 0.11 (130 ) 0.07 ( §1) 0.23( 40) -~ -- -- - 8§ 0.02 (160) 0.02 ( 82) €.74( 99)
: Tre 3 0.01 ( 74)0.93 ( 28) 0.18( 12) -- -- -~ - 13 0.007(110) 0.05 (170} 0.41( 93)
tbss z2 0.06 0.30 1.0 -- -- - .- 4 0.23(73) 1.5 (41) 28 (S7)
Lichen -~ - -- ~- - --

* Genera of vegetation types were: Grass-Poa, Mthlenbergia; Shrub-Berberis, Quercus, Fallugia, Salix, Rhus; Tree-Pinus, Popuilus,
Juniperus; Moss and crustose lickens-not identified.
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TABLE 4. Mean concentrations of plutoniun and cesivm in sedimznts and vegetation from control and two contanmi-
nated segments of Acid-Pueblo Canyon during 1972.

Sanple , Control {[pCi/a duy) 0-640 m Posr-outfall (pCifq day) ° . 640-10280 m Post-outt:alucilg dry)
Type* s:mb\iés epy 231py 137cg s:.gies 23epy 2339y 137¢s Sa‘\:gics 23epy 23ipy 137¢cg
Sediments 6 0.009(100) 0.20 (100) 0.36( 78) 21 0.28 (190) 2% (170) 3.3 (170) 9 0.02 ( 60) 0.8% ( 74) 0.22( 67)
Grass I3 0.0S (140) o0.03 0.33 7 0.03 (97) 4.2 (120) 0.68(120) 3 0.02 0.33 ( 71) 0.60( 39)
Shrub 4 0.0 (120) 0.03 (170) 0.22(160) 9 0.05 (160) 1.6 (270) O0.66( 35} 10  0.005(1%50) 0.30S( 70) €.27( 47)
Tree -- -~ -- - -~ -~ - -~ 8 0.003( 57) - 0.006( 71) 0.26( 67)
Moss -- -- -- -- 4 1.8 (86)65 (92) 3% (150) -- -- - -~
Lichen  -- . -- -- 2 0.82 (140) 2.1 ( 84) 8.3 - -- -- -

* Cenzra of vegetation types were: Grass-Poa; Shrub-Artenisia, Berberis, Prunus, Chrysothacnus, Rosa, Quercus, Fallugia, Bibes, Salix,

Physocarpus, Rhus; Tree-Juniperus, Pinvs, Psuedotsuga; Moss and crustose lichen-not identified,

-
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A positivé relationship was cbserved between sediment and

vegetatlon radionuclide concentrations, with maxlmum plutonlum ‘

LR e o e

and 137Cs concentrations in vegctatxon correspondlna to areas of

d -

highest mean sedlment radlonucllde concentratm:ns.

TR IR

Concentrations

Py A S R Pt Aty

of the three radionuclides were ‘generally higher in Mortandad

Canyon vegetation than in vegetation from the other two canyons
whlch corresponds to the conccntratlon pattern observed in sedi~

The values in Mortandad Canyon vegetation ranged to maxi-
gt A

238Pu/q, 6.6 pCi 239 u/g and 200 pCi 137Cs/g dry

238Pu/

ments.

mums of 18 pCz
welght, Corresponding maximums for DP Canyon were 0.76 pCi

239Pu/g and 190 pCi }37Cs/g whereas the values for AP

g, 1.8 pCi
Canyon were 1.8 pCi 238Pu7g, 65 pCi 239Pu/g and 34 pCi 137Cs/g.

Average plutonium concentrations in vegetation from the low

concentration post-outfall segﬁent in each canyon were generally

not signlficantly dlfferent than control gtatlon values, WLth,?QEN

R i Y N A L St

exception of moss and lichen samples where concentratlcns remained

Al el S Dl A P R o R L U1 T PR HEVT ATENS 3 DT

13705 concentrations in

relatively high. On the other hand, the

all post-outfall vegetation samples’ were significantly h:gher than

o3 Y O R Y e Sty . AR 1A R RO I PR R 1o te T ool e b ot e dad A 4 s 1ttt Lar R B T LY PN

.......

post—outfall segment of AP Canyon.
Grass °pec1es, mosses, and lichens, usually averaged hlgher

o]

137Cs concentratlons than shrubs. Concentrationg in

R e 1

plutonium and

A ave et &3

tree species averaged lowest, although the differences between

vegetative types in some cases were not significant (P < 0,05).

b
A similar pattern was noted at Trlnltx Sltc where grass. speg%gs

239Pu conccntgatlohs than other vegetatlve types
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(Hakonson and Johnson 1974). Although additional data are needed

to substantiate these observations, one could Eeculate that 3

higher concentrations in the low grow*h forms (i.e., grasses, .

TEVTIS Y e

mosses, lichens) may be due to surface area rclat;onshlps if the :

LA Ll s S P S TR DL ST L 3T TAFF RN S IRy Spepun e, WVISY YL TR W

contaminatlon 1s on the plant surfacer or that rootlng character-

Mmaw R R T R e Rt o S B T T T e e T Pt

istics and/or physiologlcal dlfferences ‘between the specxes ac-,

count for the dlfferences in plutonium and 137Cs coacentratlon !
e I s i vae o {1 @b SV TR T ve :.
137 Cs con- i

|

_Egtwfehwopgstes. Seasonal variations in plutonium and
centrations in plant species should be studied in conjunction with
the food habiéiof herhivores, to identify periods of greatest po-
.tcntial'transfer of the radionuclides to animals living in the ' !
-canyons. E
The relationship between the plutonium and 13705 concentra- ;'

tions in all vegetation samples were compared by canyon using lin-

ear least squares regression techniques. Significant relationships

(P < 0.05) hetween the _respective pluton*um isotopes and 13705 were

observed in the Mortandad and DP Canyon study areas but not in AP ;

., ,Juv el LT )
137

Cs, and.zaBPu concentrations in sedlments and vegeta- i

. Canyon where
Although o :j

tion were generally near pre-outfall (control) levela.
238 '

the correlaticon between

vy i

Pu and 1370g in Mortandad Canyon vegeta- :
tion'(Fig. 4) was significant (r = 0.79, n = 39}, the clumping of
data near the. lowest concentrations, as observed for plutonium- ;
1370 oomparison in sediments, biased the regression and indicated
the need for data in the higher concentration ranges. Both physi-~
cal and bilological processes may be operative in the movement of |
the plutonium and'137Cs into the vegetation (Hakonson 1975), al- :

though a thsical'process (i.e., external contamination of plants

with resuspended material) would seem more likely.
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The slope of the regression line in Fig. 4 represents the
averaje 2389u/137Cs activity ratiso in vegetation, The value of
0.1 compdres'with an average 2389u/13705 activity ratio of 0.08
in Mortandad Canyon sediments (slope of regression line in Fig. 2).
The similar aétivity ratios in sediments and vegetation suggest
that a physical transport mechanism, such as resuspension of
237cs movement

radiocactivity, could be operative in plutonium and

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

take) were involved then the 238Pu/l37Cs 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 tissuesvmore readily than plutonium. This interpretation is

obviously(ggggzzzzz;;z)however, the exercise illustrates the poten-

tial use of isotopic ratios in studying the mechanisms of radio-

nuclide redistribution in the environment.

Log transformation of the vegetation concentration'data im=

proved the correlation between plutonium and 13765 only slightly

for the Mortandad Canyon comparigon (Fig. 5), but resulted in

considerable improvement for the DP and AP Canyon comparisons, v

The log relationships were significarnt (P < 0.05) for all canyons.

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

, .
gg%}g gﬁg gié?%ént) were made for each isotope to determine the

relative movement of plutonium an
The ratios were significantly higher (P < 0.05)

d 137Cs from sediment to stream-

banklvagetation.
in post-outfall moss and lichen samples than in the remaining

vegetation types in the respective canyons. The ratio varied from

about 0,01 to 10 in mosses and lichens and from 0.0001'to 1 for the

R
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remaining vegetation types. Relatively large amounts of soil

—_—c¥

partmculatcs were associated with the _moss and lmchen samplcs

147y e as a0 A

compared to the remalnlngmvegetatlon samples.ord . may«p1rtiaﬁaa

account for the higher activity.ratios - in-the.mosses.and lichens.
I T L N e bQ*u,Qk‘nl37

There were no significant differcnces (P < 0,05) dar=time

P

and plutonium plant-sediment activity ratios within a particular
canyoh indicating that the relative movement of the reépective
igotopes from sediménts to vegetation were‘similar.
239Pu {and 238Pu) plant—sedmment gatlos in DP and AP Canyons were
significantly higher (p < 0. 05) than corresponding ratios in

‘Mortandad Canyon indicating that a relatively greater transfer of

'plutonidm'to vegetation had occurred in the two canyons that have

received wastes over the longest times. The differences invl37Cs

plant-sediment activity ratios between canyons were not signifi-

-

cant, ‘ )
Although the data comparing isotope ratios are certainly not

conclusive, such ratios may be useful in advancing our knowledge

on environmental plutonium behavior.,

Radlonuclides in rodents

Average concéntrations of plutonium were highest in the lung

and/or pelt tissues of rodents from the three canyons (Table 5).

P

Concentrations of plutonium in liver and carcass tissue were gen-

137

erally at the analytical detection limits. Elevated Cs con~-

ccntrationu were measurable in carcass tissues, with maximums of

A
- EEB pCl/g-tft occurring in DP outfall samples. Concentratlon

+

However, the
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" TABLE 5. . Mean concentrations of plutonium and cesium in rodents N
' from the v.liquid disposal areas during 1972, - ‘
Location- No. 238 per E d~2"'3‘/9 """-.“f“*_ 137 )
Sample Type* - Samples Pu_ Pu Cs
| CONTROZD ”
DP-Los Alamos T ‘
Lung 6 0.04 (130)  0.04 (190)  ---
Pelt 6 0.06 ( 50) 1.3 (70) - |
Liver 6 0.004 (160) 0,02 (110) |
Carcass - 6 0.002 (110) 0.02 - (100) 3.2 (40) !
Mortandad
Lung 2 0.02 (140) - 0.02 - ( 60)
Pelt - 2 0 - 0) 0,03 (80
Liver 2 0.004 (140) 0.002 (140)
Carcass 2 0,001 (140) 0O ( 0) 1.2 {12)
Acid=Pueblo _
Lung 4 0.04 (170) 0 )
Pelt 4 0.003 (110) 0.01 ( 70)
Liver 4 0.008 ( 90) 0.02 ( 80) -
Carcass 4 0.0 (200) 0,007 (150) ~ '0.20 (216>;

R R S
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Carcass -

TABLE 5., Continued i |
; . . p¢..’/¢5 Ay weldnet ;; ‘
Location- No. 238 239 137 £
Sample Type* Sample Pu Pu Cs I’/
| OUTFALL ﬁ
DP-Los Alamos _ ?
Lung’ 19 0.08 (130) 0.04 (130) i
Pelt 19 9.11 (110) 0.74 ( 60) 'é‘
Liver 19 0.04 (L60)  0.08 (120) :
Carcass 19 0.01 (140) 0.07 (200) . 163 (130) i
Mortandad - 'é
~ Lung’ E 1.3 (160)  0.57 (130) Ei
Pelt 5 1.9 (70) - 0.28 ( 60) |
Liver 5 0.12 ( 65) 0.03 ( 6O) E
Carcass 5 0.07 (100)  0.01 (110) 1.6 (130) ¢
Acid-Pueblo . _ E
Lung | 5 0.08 (90)  0.02 (150) :
Pelt’ 5 0,03 (110) 0.36 (70) o
Liver 5 0,08 (170)  0.03 (130) o
. 5 0.004 ( 70)  0.04 (140) -, 0.35 ( 80)

v e o e L el e e e el e st

e e e
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TABLE 5., Continued ',g,
Location= No. 238 Peils &gélawmqw‘-' 137, - :f
Sample Type* Sample Pu Pu Cs iy
- ) 2560 m POST-OUTFALL T
DP-Los Alamos;‘ _ § 
Lung 5 0.06 ( 90) 0.06 (190) i
Pelt 5 0.0L ( 74) 0,04 (100) ~f,
Liver 5 0,02 (160) 0.02 (180) i
Carcass 5 0,001 (190) 0.01 (130) 0.30 (230)
Morﬁandad
‘Lung 8 3.1 (250) 0,32 (220)
" pelt 8 0.22 (230) 0.08 (240)
Liver 8 0.02 (110) 0.02 (120) _
carcass 8 0.006 (160) 0.002 (120) 1,0 [ 70)
Acid-Pueblo
Lung 16 0.28 (220) 15 (410)
o : C m——
Pelt 16 0.01 (130) 0.08 (190)
Liver 16 0.08 (170) 0.03 (110) L
‘ 16 0.002 (120) ~  0.006 (120) 14  (150) .

Carcass

= Ix
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" TABLE 5., Continued - | | | TR
. — i
tosatlons - No.' . pci /g é;;; D e\ kT 137 . 'f
Sample Type* Sample Pu Pu Cs _Q.
S 10 280 m POST-OUTFALL _ - | | “’ |
DP-Los Alamos | | '”5%:
tung - 10 0.04 (150)  0.06 (1000 il
Pelt 10 0.06 (l20)  0.03 ( 90) . §'
Iiver 10 0.01 (210)  0.01 (67) o
Carcass 10 0.001 ( 90) 0.001 ( 90) 3.9 (77)"fﬁ'
Mortandad - | . ?'i
Lunqv ' 13 2.9 (300) 1.4 (340) fu
Pelt 13 © 0.50 (460 1.3 (360) 3 |
Liver 13 0.04 (250)  0.08 (220) B N
carcass 13 0.01 (270) 0.004 (210) 1.2 (290) é %
Ahcid-Pueblo i"
Lang 4 10.02 (120 0.02 (110) § 
Pelt 4 0.01 (130) 0.08 ( 70) b
Liver 4 0.04 (120) 0,01 ( 70). :
Carcass 4 0.002 ( 80) - 0.004 ( §0) 0,69 (,54)
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patterns with distance post-outfall were not consistent with the
patterns observed for vegetation and sediments, Maximum concen-
trations of all three radionuclides in rodent tissues in some

cases occurred in samples from the downstream sampling locations,

A relatively high mean concentration of 137Cs was measured

Jocatian Y —
in rodents from the E20™mmIs®*outfall scment gr DP Canyon where

sediment concentrations averaged 920 pCi/g. The stream channel in
this portion of DP Canyon is relatively undefined, resulting in a' 
large lateral contamination of sediments with radioactivity} The

. : : . had
rodents living in this region hewe a more intimate contact with

, did
the radioactivity than éo» the rodents in the 0-160 m segment of

-'Mortahdad whidh has a‘narrow, well-defined stream channel with

13705 concentrations comparable to the 0-20 m post-outfall

sediment

segmenf of DP Canyon. Mortandad,Canyon rodents from the 0-160 m

neg"r)‘ inditades _i"nc.e\q-rp(.‘arsa.r.ce. o qermmanﬁ +he 2.ological raiax trashiQ S
seghent " MVatiged only 0.84 pci 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 speciés differ-

ences, food prefercnces and movement patterns in the contaminated

areas are likely important components of this extreme variability,

-

. CONCLUSIONS

Based on radionuclide concentrations, it appears that sedi-

ments are the major reservoir of the plutonium and 137Cs released

-

to the.thr@gwgpnyohwstudx*a:eggxm*ghe downstream distribution of

these radionuelides is influenced by hydrological characteristics

\
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of the canyons-anﬂéEEﬁﬁaq;; transport of sediments during storm

CLpenes o ba
runoff events ip a major vector in the downstream movement of the

>

L P-PRREN

radiocontaminants. Statistically significant (Pf< 0.05) correla-

tions between sediment plutoniﬁm and 137Cs provide supporting

evidence for a physical transport process. Data indicate that

mermen e s LS

transport distances are considerable in the DP-AP Canyon system
but are relatively minor in Mortandad Canyon due to hydrological

differences between canyons.

R R R

Movement of plutonium and la?Cs into the vegetation cémponent
of the canyon ecosystems was detectable. Plant-sediment activity '
ratios of 10”% - 20 were observed, indicating that relative con= j
tamination of plants under natural conditiens is greater than |
would be predicted by greenhouse studies. Data indicate that

plant-sedimeﬁt plutonium activity raties are higher in the areas i

e f

which have been' used for waste disposal over the longest time.

Highést mean concentrations of plutonium in the lung and pelt

of rodents from the canyons suggest that a physical mechanism is

operative in the moVement of this element to small ground-dwelling,

mammals.

Y
The variability in plutonium and 13703 concentrations .of i

|

sample groups was large., The coefficient of variation was smallest

bovt e

for nediments and largest for vegetafion and rodent tissues, The 2

LASL-REC-OFFICIAL

extreme variability indicates the need for large sample sizes to ;
. . i
demonstrd%e,diffcrences between study treatments.

. A major impact of time on the distribution of waste contami-

: ) : oY .
nants has been in the downstream transport waste contaminants.,
( P . . .
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The estimates of residual plutonium in the AP and DP Canyoh BYS—

R e .

tems, based on the sedimept radionuclide concentration data for
- L Mare Q0% . -

1972, indicate that I35 than TO8 of the estimated input has

< =T

-

flushed out of‘the-canyonsL_ In Mortandad Canyon, the waste plu-

tonium is confined to the 3500 m segmeht immediately below the
waste outfall., Some of the data indicates increaseﬂ plant uptake
of plutonium in the oldest waste disposal areas. Such differ-
ences cannot be demonstrated for rodents with data presently

availéble.
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