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INTRODUCTION

Although the main functlon of the Los Alamos Scientific

Laboratory has been in the fleld of weapons development,

there are numerous other projects dealing viltnh the use of

nuclear energy. As may be expected, the nuclear programs {E {}Kii
have generated quantities of solid and liquld radioactlive E Eil
wastes Although the liquid wastes are trecated to remove Eilgi gi{i
impurities, a smal: but measurable fraction of the radio- iatf gi '5
active constituents remain in the effluent. Currently, Egi
these effluents are released into two canyons where they } !!EE
eventually disappear into the alluvium., 1In the past, an ﬂ! i

additional canycn was usid as a liquild waste dlsposal area,
but has not been used since 1964,

A survey vias initiated in each of these canyons to
determine the concentrations of effluent-assoclated radio-‘
nuclides in the alluvial sediments, water and sume of the
nat.lve biota, Tnis paper wlll summarize preliminary findings
on tne ecodlstrivbutlion of ¥?"pu and " °pu Ln Mortandad Canyon,

an area vnich has been used as a liquid effluent diaposal

aro for 10 yaars MASTER

MATERIALS AND METHODS
The Los Alamos Sclentific Laboratorm occuples a 28,000
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acre site on the Pajarlito Plateau 1n northern New Mexico.
The platecau, wh'lch 18 a shelf about 15 ~ 25 km wide and 70
km long on the eastern flank of the Jemez Mountains, has
been decply eroded by runoff with the result that the arca
conslsts of a series of mecas separated by canyons, many of
which are several hundrecd feet deep.

The are# has a semli-arid, continental mountaln climate
with an average annual precipitation of silghtly more than
18 inches in the city of Los Alamos, of which 75 percent
falls during the months of May through October. There are
no permanent, natural streams flowing through the Laboratory
area, although Frljoles Creek flows through Bande¢ller Na-
tional Monument located on the southern border of the
Laboratory site and the Rio Grande flows through White Rock
Canyon or. the eastern border. There are, however, inter-
mittent streams flowing in the canyons during the ralny
searon, and surface vater exists in certain of the canyons
for a short distance below the discharge points for indus-
trial or sanitary wastes,

Mortandad Canyon originates i the western portion of
the Laboratory property at an elevation of about 2225 meters
above sea level, and terminates about 15 km from its origin
in the Rio Grande River on the eastorn edgoe of the Labora-
tory property. Tho average slopo over the entire length of
the stream channel is 0.042,

Radionuclido bearing liqulida effluents (containing *H,

18%csg, %3°py, " %py, and *‘'Am) from a wasto treatment plant
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located on a mesa adjacent to Mortandad Canyon enter the stream
channel at an clevation of 2200 meters (i.e., near the origin
of the canyon). The input of waste water over the last 10
years has been relatively constant at about 200 kiloliters

per day. The effluent water along viith a continuous supply

of uncontaminated vater (250 kl/day) from a steam plant
situated at the head of the canyon, moves as surfacc water
over thin alluvial deposits (< 30 cm deep) for a distance of
from about 500 - 1300 meters belov the effluent outfall,

The effluent disaprears into the alluviun and the remainder

of the stream chanrel is dry at distances beyond 1300 meters
where the cauyon and stream channel viden with a corresponding
increase in alluvium depth ( > 30 cm).

It was estimated that about 40 mCi of %0Y-¥3Ypu vas
released into Mortandad Canyon from 1963 to 1973, and
furthermore, that since 1970 at least 80 percent of the
plutonium activity was %3*pu (i.e., *3%pu/??%pu = i),

A permanent sampling network vas established in the
oanyon during the summer of 1972 (Fig. 1), at points 100
and éoo m above the vaste discharge outfall (pre-outfall)
to serve as a source of "background" samples and also at O,
20, 40, 80, 160, ~?n, 640, 1280, 2460, 5120, and 10,2“0_m be-
low the outfall (post-outfall). Considerably more sampling
emphasis wrs placed on the areas immcdiately belovw the out-
fall since plutonium concentration gradients were expected
to change fapidly in this rogion. The data piresented in
this paper were obtained from a sampling effort whioch was
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made during a one veek period in October 1972,

| Surface and ground water samples viere obtained at
several locatlons down the length of the canyon and a 500 ml
aliquot of each sample was filtered through Whatman 40 filter
peper prior to analysis. Surflace samples were collccted at
0, 160, and 320 m post-outfall and subsurface samples vere
collected at 640 (4), 1280 (11, 2560 (12), and 5120 (21) m
post-outfall, The parenthetic values indicate the depth‘from
which subsurface water was collected.

Since the alluvial sediments in the canyon are gener-
ally very sandy (and not rocky), it was decided tha% a core
sarpling device, which vas désisned to collect a maximum of
about 300 grams of sediment, would best sult the obJectives
of the study. A disposable secticn of 2.4 cm diameter
plastic pipe, which was chosen as the coring device, was
shzrpened on one enl and was gently driven into the uedl-
ment to a maximum depth of about 30 ecm with a hammer. The
coring device, which was rotated as it was being driven
into the ground, conpacted the contained core by about 10
percent or less., The ssmpling depth of each core, in many
canes, was less than 30 cm especially in the upper portions
of the canyons whera the sediments were shallow.

Each core sample was frozen and was sectioned 1nto'

a 0-2,5c¢cmlayer, a 2.5 - 7.5 em layer, a 7.5 - 12.% om
layor and the remainder (L.e. below 12.5 om) to provide
datc on tholverticnl distrihution of plutonium,

A sample of the most abundant grass, nh:ub, and tree
4



specles was collccted at each sampllng station. Only those
specles which were directly rooted 1n the stream channel or
that were likely to be inundated during high runoff periods
were sampled. The samples consisted of the complete nbove
ground portions of the grasses and the {erminal leavas and
stems of the shrub and tree species., Dust residues were not
removed from the exterlor of the plant surfaces prior to
assay for plutonium,. )
Since it was not practical from a time and analytilcal
standpoint to sample small mamnals at each station, collec-
tions vere made only in the two areas above the effluent
outfall (i.e., 100 and 200 meters pre-outfall) and at dis-
tances of 0, 2560, and 10,240 meters post~outfall, Snap-
traps were positioned on a 6 x 8 grid network at each sta-
tion with two traps at each grid point for a total of 96
traps per station. Peanut butter was usdd as balt and each
station was trapped for three nights (i.e., 288 tra;-nights;
without pre-balting treatment., Rodent samples were dis-
gsected into four portions including the lung, liver, hide,
and the eviscerated and skinned carcass, Specles caught
included Peromyscus maniculaius, P. trueil and Reilthrodonty-

mys meralotis,
Tritium and *27Cs concentrations were determined in all

samplo materials utllizing liquid scintillation and gamma
spectroscopic techniques, All sample materials to which
tracer quanéltios of %% and ®*°Am were added, were sub-
Jeotad to a hydrofluoric-ritric acld leach, an ion exchange
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geparation, clectrodeposition, and alpha-ray spectroscopy to
quantify the plutonium content. The total sample was carrled
through the chemical pirocedures to eliminate any errors
assocliated with allquoting a complex matrix such as

sediment.

The plutonium content of all sample materials except
rodents was sufficient to reduce the relative standard
deviations of the determination to less than 30 percent ‘
(L.e., based on counting statistics). However, the generally
low levels of plutonium in rodent tissues 1in comblnation
vith the small sample masses resulted In relative standard
deviations usually in excess of 30 percent. The nminimum

detectable amount of 22%pu and 23°pu based on a 23 hour

count was 0.03 pCi/sample (at 95 percent confidence).

RESULTS AND DISCUSSION

The plutonium content of water, vegetation and the 0 -
2,5 cm layer of the alluvial sediments as a function of dis-
tance from the effluent outfall in Mortandsd Canyon is
presented in Figurcs 2 and 3. Slince the conmposition of the
vegetation changed with distancc down the canyon, 1t was
not posslble to observe plutonium concentration gradients in
any one species, Consequently, the data for plant sampies
were grouped according to the growth form of the species
(L.e., grasses, shrubs and trees) and the grouped data were
plotted as a function of diatance post-cutfal’.. Obviously,

grouping in this manner disregards individual species
6



238, concrntmation

. | 3 | [
10 100 1000 10000
FROM OUITALL

figuze 2. mmh,ﬁme-cnu-hnﬁ-: (0-2.5 cu layer), vegstation and water frem Mortsndad Casyon im
Octeber 1972,



239, CONCENTRATION

Sediment (fC1/g d&ry)

107 >

Crass (fCt/g wet)
Shrud (fCi/g wet) SS~=aal
b (U T . .'.-

p . .."°-... .
Trees (fCi/g wet) \’“’ \.

+
10° |- \: o Vater (fCt/ul)

Pre-outfsll em=i-p Post-outfall
ad [ | | T M | % 5e 1 [ J |

200 100 o1 20 100 1000 10000
METERS FROM OUTTALL

239,

. Mgure 3. The Pu cooceatratioag in sediment (0-2.5 ca layer), vegetatios and water from Mortandad Canyon im

October 1972.



variation. All the grass samples analyzed were from the genus
Poa with the exception of the 5120 meter post-outfall sample

which was Bouteloua gracllis., The shrub category conslisted

of Artemesia tridentata, Berberis fendleri, Chrysothamnus

parryihowardi, Quercus gambelll, Prunus virginiana, Salix

spp. and Rhus trilobata. Tree samples included Acer negundo,

Juniperus monosperma, Pinus ponderosa, Pinus flexillis and.

Pseudotsuga taxifolla. .

It 1s apparent from the data in Figures 2 and 3 that the
chronic input of low level radioactive liquid wastes 1nt6
Mortandad Canyon over the last 10 years has resulted in
plutonium concentratlions in some post-outfall samples which
are two to three orders of magnituie higher than correspond-
ing pre-outfall s;mples. The maximum concentrations of
plutonium in all samples were observed within 160 meters
post-outfall and thereafter concentrations declined steadily
with distance. Concaentrations of both isotopes in all
samples had dropped to near pre-outfall levels at the 512C

and 10,240 meter post-outfall sampling stations,

it appears that the movement ot plutonium dcwn the
canyon over the last 10 years has been a slow process be-
cause the elevated levels of plutonium in all sample types
were confined tc the area hetween the effluent -utfall and
about 2500 meters post-outfall. This contamination pattern
is not surprising when one considers the physical character-
istics of the canyon in this area. Recall that the stream

18 dry below 1200 meters post-outfall and that the canyon
T
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Table 1. The vertical concentration gradients of Pu and Pu in sediments from Mortandad
Caaycn in October 1972.
23%u_(pci/g dry) 23%u_(pci/g dry)
Meters From Increment (ca Increment (cm)

Effluent Outfsll 0-2.5 2.5-7.5  7.5-12.5 > 12.5 0-2.5 2.5-7.5 7.5-12.5  >12.5
100 pre-outfall 0.075 0.036 0.026 None 0.52 1.8 0.36 None
200 " 0.26 0.04 0.021 0.014 0.31 0.21 0.27 0.23

0 post-outfall 190. 49. None None 49. None None None

20 " 144, 205. 9.9 None 314. 54. 0.96 None

40 " 144. 138. 124, None 38. 62. 66. None

80 " 106. 85. 19. 0.86 20. 25. 23. 2.6
160 " 178. 142. 328. 216. 28. 29.
320 " 15. 24. 24, 27. 5.4 4.4 4.4 3.3
640 " 26. 18. 15. 17. 5.0 6.9 4.2 4.7

1280 " 9.7 23. 11. 5.3 2.2 2.7 3.7 2.8

2560 ” 3.4 9.8 7.8 0.45 0.83 2.7 2.2 0.49

5120 " 0.38 ND 0.15 0.016 0.27 ND 0.098 0.023
0.13 0.023 0.0090

10240 " 0.18 0.028 0.020




(and stream channel) widen in this area ard the alluvial
deposits deepen. The capaclty of the alluvium in the wider
portion of the canyon apparently is sufficlent not only to
absorb the effluent water but also to abso o most of the
large quantities of runoff which occurs atcer heavy rainfall.
The plutonium in samples from the 2560 meter station lilely
was carrlied there from the upper part of the canyon by
runoff but other plutonium redistributlion mechanisms may be
operative (e.g., wind resuspension),

Stream channel sediments clearly are the major reser-
volr of the waste plutonium (Figs. 2 and 3 and Table 1),
Levels of both isotopes increased from less than 0.5 pCi/g
(dry) at tha pre-outfall stations to over 300 pCi/g in post-
outfall samples. The concentrations of both *3%pu and
A *pu were relatively uniform to sampling depths of 30 em
from the effluent outfall to the 1280 mete:r post-outfall
sampling station where surface water exists for at least
part of the year,

The degree of vertical mixing of vlutonium in the
alluvial sediments in the canyon eppears to be assoclated
with the presence or ahsence of surface water. Whether
the water physically mixes the sedimerts or acts as a
medium for diffusion of plutonium 18 unknovn at this time.

In arid ecosystems, the downward migration of plutoniwum
is limited and in most causes the invontory is confined to
the upper 2.5 em (Mork, 1970; Olafson et al., 1957). There
is some evidence, as reviewed by Francis (1973) that #3°pu
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does migrate dovmward in soils after extended exposure to
the natural environment and consequently may become more

avallable to vegetation with time because of an enhanced

root contact with the isotope.

There is an interesting distributional relationship
betveen the *°7 Cs and plutonlum content of the alliuvial
soils, A 1ln-1ln plot of the *37Cs concentrations in the
0-2.5 cm layer of post-outifall sediments versus the
corresponding da‘a for ¥®pu (and %3°pu) were linearly re-
lated. The correlation coefficients (r) for the respective
linear regressions were 0.97 (37Cs vs °3%pu) and 0.88
(*37Ccs va ¥3¥Ypu), The interpretation of this observation
18 not clear at this time, but may indicate that the dis-
tributive mechaniasm for these “wo radionuclides in sediments
may be similar,

The plutonium content of surface and ground water in
the stream channel paralleled the data for sediments but at
& much lower level (Figs. 1 and 2). Maximums of 29 fCi
930%pu/ml and about 1 £CL *3° pPu/ml were observed in surface
water at the effluent outfall, Hovever concentrations of
both isotopes had decreased to less than 0.1 fCi/ml in
ground wator at the 5120 m pont-outfall sampling station,
The ratio of *3°pu in tho first throe post-outfall surface
wvater samplos and tho corrosponding O - 2.5 em layer of sedi-
ment (i.s., pCL *¥°pu/ml : pCL ®%°pu/g (dry)) averagoed

- _B
1.4 x 10™*, The corrosponding value for ®2°pu was 3.3 x 10 .
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There have becn major changes in the chemistry of the
efflucnt wate:r over the past 10 years. During the first
seven years of effluent disposal into Mortandad Canyon
when 2°°Pu was the major constitucnt the liquid wastes
were rcleascd at about pH 11, Vithin the last threce years
when *3%pu was the major consiituent, the pH of effluent
vater has dropped to 8-9. Sediment pH was measured at
each sampling station in the present study and the val;ea
increased from 6.5 in pre-outfali sediments to 8.6 in
the first 160 meters post-outfall, The pH of sediment at
the 5120 and 10,240 meter stations had dropped to about 7.
The literature is inconclusive about the influence of pH on
plutonium discrimination factors (i.e. cono/g water or
plant / conc/g 8soil for liquid-soll and plant-soil systems
(Wilson and Cline, 1966; Rhodes, 1957; Rediske et al,,
1955; Newbould, 1963).

There appears to be a relationship between the proximity
of the vegaetation to ground surface and the plut: .ium content
of the plant material. In general, grass speciea vhich were
450 om tall, contained the highest levcls of both ?3%pu
and *3°pu, wherecas shrubs and trees (>1 m tall) contained
relatively moderate to low amounts of plutonium. If one
assumes that the source of plutonium to tne vegetation is
the effluent water (i.e. root uptake of plutonium) then
thoro would appoar to be a concentration of both *3-pu
and "°py in most veretation samplos. However, if the
sediments were tho source of pluponlum to the vegetation

10



then root uptake factors or resucpension factors (1i.e,
depending on the contamination mechanism) were relatively
low, The ratio of ?3%pu in post-outfall vecetation and the
0O - 2.5 cm layer of the sediments (i.e. pCl *2°Pu/g vege-

tation (wet) / pCi *2°pPu/g sediment (dry)) averaged
s - -9 29
1.6 x 107, 2.5 x 10" t 2.4 x 10~ and

) i
9.9 x 10 + 1,2 x 10 for grasses, shrubs and trees,

respectively. Corresponding values for' **°Pu in grasses,
® + 4.2 x 107

2.3 x 10~

- 0
shrubs and trees wera 7.8 x 10 , 4,0 x 10

3 K _9
£ 5,1 x10 eand 3.4 x 10" t 5.3 x 10, respectively.

_8 23
Grass/sediment ratios of 2,3x 10 and 7.3 x 10

(or about 8 x 10" and 3 x 10" on a dry weight basis) for
83epy and *:’pPu are relatively high compared to values of
10'63 10~ reported by other investigators for the root
uptake of Pu from plant-soil syastems. (Newbould, .763;
Cummings and Roberts, 1971, Rediske et al., 1955; Wilson and
Cline, 1966). It iz possible that the high ratios for
grass/sediment in the presont study have resulted from
external contamination of the plant material and not from
physiclogical uptake of plutonium.

The plutonium concoentrationt. in the liver, lungs, hide
and carcass of rodents collected on the stroam channel in
Mortandad Canyon (Table 2) va.-ied by as much as three
orders of magnitude in samplos from the same collection
loocation. Some of this variation 18 undoubtedly duoe to tho
large uncortainties ar.oclated with the counting data (1.e,
low plutonium content and small samplc massos) and tc some

11
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degree due to species variation. There were insufficient

sambles at each station to permit any species comparison,
Relatively high concentrations of about 4 - 7 pCi/g

(wet) were observed in the lungs and hide of four rodents

(all four were Peromyscus)(spp), one which was collected

from the 2560 meter post-outfall station and three from the
10,240 meter station. Most of the remaining plutonium
concentrations measured 1 pCi/g or less, Concentrations of
838py and ?*°pu in pre-outfall samples and from other loca-
tions on site measure 10 fCi/g wet or less (Herceg, 1972).

The mean plutonium concentration for each tissue type
and collection location was‘hlgheet for the lung and hide
and lead one to speculate that inhalation may be the main
route of entry to these small, ground dwelling rodents,

Recall that the carcauss sample was comprised of all
the bone and skeletal muscle from each rodent, Since about
90 percent of gut absorbed plutonium is assoociated with the
skeleton (Katz et al.,, 1955; Veeks et al., 1956), the con-
centrations in rodent skeletons could have been a factor of
four higher than those listed for the whole ocarcass,
assuming that the skeleton comprised 20 percent of the car-
cass weight,

If the four high plutonium concentrations mentionod'
earlier are not included in the calculation of the means,
then the mean plutonium concentration in all rodent tissuos
as a function of distance post-outfall closely follow the
patterns which were observed in sediment, water and vogeta-

12



tion., Mean values were highest at the outfall and then de-
orcased with distance post-outfall,

It 18 of interest ot calculate the ®2°pu/®*°pu ratio
in the various sample types since these ratiss in vegetation
and rodents may reflect the source of contamination. It is
apparent from the ratios presented in Table 3 that the
effluent water contains a preponderance of *3®pu, a fact
which vas mentioned earlier, Not only does the effluent’
water reflect the greater *3°pu inputs but so do all the
remaining sample types, ,

The fact that the **°Pu/*“"Pu ratio exceede 1 in some
of the post-outfall remainder sediment core sections (i.e.
from depth,>1¢.5'cm) indicates that the co.plete vertical
mixing of "*“Pu has ocourred over the last three years,
Recall that there is surface water in the canyon down to
about 12700 metem post-outfall,

The %*°pu/**°Pu ratios greater than unity in sediments
from the 5120 and 10,240 meter stations may indicate that
some of the plutonium in the canyon has moved a considerable
distance down llortandad Canyon, despite the low sediment
concentrations measured at these sites, Another possible
explanation is that plutonium assoclated with atmospheric
effluents from & Laboratory facllity are modifying thel
¥wpy/%? pPu ratio upward.

Vegotation and rodent tissue seem to roflect the en-
hanced *°pu content of water and sediment in the canyon
but not 1in any readlly identifyable pattorn,
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Table 3. The 238Pn1239ru ratioe in water, sediment, vegetation, and rodents from Mortandad Canyon in

October 1972.
Distance 238Pu1239Pu
From Sediment Vegetation Rodents
Oustfall Water 0-2.5 2.5-7.5 7.5-12.5 >12.5 Grass Shrub Trees Liver Lung Fide Carcass
200 0.14 0.02 0.07 — 4.6 2.1
100 0.83 0.1% 0.08 0.06 . 1.7 1.3 3.0 3.0
0 29 3.9 -_— - -_— 4.2 1.6 3.5 1.4 7.0 7.8
20 0.46 3.8 10. -— 14. 7.0
40 3.8 2.2 1.9 -—_ 2.2
80 5.3 3.4 0.83 0.33 10. 8.3
160 8.« 0.82 — 5.1 11.3 1.1
320 12. 3.4 5.1 5.1 8.1 1.4
640 9.5 4.0 2.6 3.6 3.6 2.8 1.9 1.1
1280 8.2 4.4 8.5 3.0 1.9 1.3 3.3
2560 i.8 .1 3.6 3.5 0.92 1.9 1.2 2.3 6.8 3.1 3.2
5120 >1.6 1.4 — 1.5 0.70 5.7 2.6

10240 1.4 1.2 2.2 — 1.8 1.0 0.32 2.3 5.5 6.5 3.8




CONCLUSIONS

The release of low level plutonium wastes In liquid
efflucnts has resulted in elevated plutonlum concentratlons
irn several of lortandad Canyons ecological components, The
alluvial soils in the mezic portion of the canyon, contains
nearly all of the ?°Pu-22°py wnhich has been released over
the last 10 years, It is speculated that the major veotor
in the transport of sediment bound plutonium into the xeric
portior of the canyon 18 runoff which occurs after heavy
vains, However, the morpholoiy of Mortandad Canyon 1s such
that 1t would likely take an extremely heavy rain to move
any significant quantities of plutonium down the entire
length ~f the stream channel. The generally wet nature of
the stream channel in the areas of relatively high plutonium
contanination coupled with the dense vegetative cover along
the stream bank would seem to preclude wind redsposition of
plutonium.

Ths presence of water in the stream channel appears to
be correlated witn the rate and degree of vertical mix!.ng
of plutonium in ¢tke alluvial sediments. The mechanisms
involved are not underestood but may .nclude the mixing action
of the flowing watur and/or the water may serve as a'médium
for the vertical dliffusion of plutonium.

The effect that complete vertical mixing of the plutonium
in scdiments (i.e. down to bedrock or 30 cm) has on the avall-

ability of thlis radionuclide to vegetation is unknown. Our
14



data on low grecwing grass specles shoﬁ‘that the plutonium
concentretion ratios for plant/sediment are in the order
of 3 x 10'a - 8 x 10'3, wialch is abcut an order of
magnitude higher than that reported by others for root up-
take of plutonium from soils. However, in the present
study ve cannot rule out the possibility of externally de-
posited plutonium on the plant materials. There does appear to be
a relationship betveen growth form and the plutonium content of the
plant., Lower growth forms contained higher plutonium con-
centrations than larger forms. The change in plutonium concen-
tration in plant samples as a function of distance post-
outfall closely follows the pattern observed in water and
sediments. )

The highest mean *2°pu and #?°pu concentrations in the
lung and hide of rodents from the canyon suggest that resus-
pension of sediment bound plutonium may ve # prime mechanism
in the contaminaticn of rodents. The fact that the spezles
of rodents sampled in the present study dwell underground
and, of course, are in intimate contact with the ground sur-
face probably indicates that the resuspension process occurs
on a micro-scale,

The ¥38pu/?2°pu ratios calculated from the data. in the
present study had some utllity in assessling the vertlcal
and horlizontal movement of the effluent assoclated plutoniun,
It appears that in the mezlc portion of the canyon, the
vertical ﬁixing to the depths sampled was complefed withln

a threc year period., The 23°pu/?3°pu ratios in vegetation
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and rodents reflected the ratio in water and sediments but
in a manner which has yet to he defined,.

The tremendous spread In the plutonium data for rcdent
tissues indicate that the contamination of the small mammal
populations 1iving near the stream channel 1s heterogeneous
with many individuals recelving minute quantities of

plutonium and others recelving relatively large amounts.

a
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