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EqOLOGICAL INVESTIGATION OF RADIOACTIVE MATERIALS 

IN WASTE DISCHARGE AREAS AT LOS ALAMOS 

FOR PERIOD JULY 1, 1972 THROUGH MARCH 31, 1973 

by 

T. E. Hakanson, J. w. Nyhan, L. J. Johnson, and K. v. Bostick 

ABSTRACT 

This report describes the ecological research program at 
the Los Alamos Scientific Laboratory and, in addition, 
summarizes the progress which has been made on current pro
ject activities between July 1, 1972, and March 31, 1973. 

Information is presented on an environmental inventory of 
the Los ~!amos area, a radionuclide inventory in three liquid 
waste disposal areas, studies to determine the applicability 
of the honeybee as an indicator of environmental radiocontam
ination and a resurvey of the Trinity area to determine the 
bioavailability of the plutonium from the world's first nuclear 
detonation. 

I. INTRODUCTION 

The overlying objective of the inves

tigation is to develo~ the necessary bio

logical and ecological input data to pro

vide a basis for assessing the environmen

tal impact of researc,h and development pro

grams at the Los Alamos Scientific Labora

tory (LASL) and to establish a predictive 

capability on the behavior and signifi

cance of various radionuclides which are 

released to the LASL environs. The infor

mation gained in this study will not only 

be valuable to the Laboratory from an oper- . 

ational standpoint, but it will also have 

application to nuclear-oriented industry. 

Research areas identified as being impor

tant to the success of this inventigation 

include a determinati.on of 

1. the quantities of radionuclides 

released through time, 

2. the physical and chemical forms 

of the radionuclides present in the envir

onment, 

3. the plant and animal resources in 

the LASL environs as a whole, but especial

ly in the pathway of discharged effluents, 

4. data on the physical and chemical 

characteristics of the soils, 

5. the radionuclide content of the 

plants, animals, and soils as a function 

of season, 

6. the seasonal meteorological con

ditions in the area, including ambient air 

and alluvial soil temperatures and precip

itation, 

7. the radioecological concentration 

processes in abiotic and biotic compart

ments including rates of incorporation and 

loss, 

B. the physical and biological pro

cesses influencing resuspension and redis

tributiQn of contaminant radionuclides and 

the relative importance of each, and 
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9. the biological effects anticipated 

from a given level of environmental contam
ination and corresponding total radiation 

doses and dose rates to critical tissues. 
This report summarizes project activ

ities and information gathered between 

July 1, 1972, and March 31, 1973 . Most of 

the effort during this period has been 
spent in 

1. compiling an environmental inven

tory of the Los Alamos area, 

2. studying the in situ kinetics of 

various radionuclides in honeybee colonies, 
3. conducting a radionuclide inven

tory in the soils and biota of liquid waste 

disposal areas, and 

4. resurveying the radionuclide con
tent of the soils and biota at Trinity, the 

s i te of the world's first nuclear detona

tion. 
The following quote fr9m the July-De

cember 1972 environmental monitoring re
port1 describes the history and function of 

the Laboratory. "The Laboratory and the 

Los Alamos Community are located in north

central New Mexico (Fig. 1) on the Pajarito 
Plateau, situated west of the Rio Grande on 
the eastern slopes of the Jemez Mountains. 

This location was orginally chosen for the 

atomic weapons laboratory during World War 

II because of its relative isolation. Thus 

the area surrounding Los Alamos, including 

all of Los Alamos County and large portions 
of Sandoval and Santa Fe Counties, is large

ly undeveloped except for those areas oc
cupied by the Laboratory facilities and the 

associated communities. Large tracts of 
land in the Jemez Mountains to the north, 

west, and . south of the Laboratory site are 

held by the Forest Service" (Fig. 2). "Ag
riculture is limited to home gardens with 

some grazing of beef cattle. In the river 
valleys to the east, agriculture is res

tricted to relatively small plots supported 

by irrigation. Primary crops are chili 

peppers, beans, and tree fruits. Milk is 

not produced in commercial quantities in 
the immediate vicinity of Los Alamos . More 
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Fig. 1. North-central New Mexico. 

detailed descriptions of the geology, cli

matology, and economy of the area are giv

en in the appendixes of the January-June 
. . t .. 2 1971 environmental mon1tor1ng repor • 

"The Laboratory site covers about 

28,000 acres in and adjacent to Los Alamos 

County. The principle mission of the Lab

oratory is, as it has been since its incep

tion in 1943, the design and development of 

weapons .for the nation's nuclear arsenal. 
This program is supported by extensive re

search programs in nuclear physics, hydro
dynamics, conventional explosives, chemis

try, metallurgy, radiochemistry, and biol
ogy. In addition to this program, consid

erable effort is directed toward the peace

ful uses of nuclear energy including med
ium-energy physics (Los Alamos Meson Phys

ics Facility), space nuclear propulsion, 

controlled thermonuclear fusion (Sherwood 

Program), nuclear safeguards, biomedical 
research, and space physics . .These activ

ities are located in 29 active Technical 
Areas (TAl widely spread over the AEC-con

trolled lands. " 
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ole :r;, tndlci;;tl:~tJ ~he prcaence of a:n ar-

.: 1'. ~ vPl'Pth:lCJn - " ·• Hu..: i t~l hor :::o. .1., 

wh.l.ch si.l.icnt<: <:lay~> hd•.;e &ceurm.:tnt.ed to n 

a.gnii.icant e..v. e.n~.. tl. na.m£d soil s is 

t:.1ll>SSi£ ltZC tl$ .l mcll.<.CH.ll, iw:J.iCil lng ·he 

rrest•nct o .:J t:tac '• d<!T t-iH"fac-e l.ayt:.!' 

( cp.t pew::m! wtu.e b :..s tlor:u.nar.t! y sa t;l.l. a t.>d 

w.th bJYe!ent. cat,;.ons [l.~., c<tlc,;.ur.> .tons}, 

.ntil c:on uinn at. l,...,.,t; 0. Set organic t: ::w , 

a mtLro" C: N rt~t:.ko 03 : l to ! 7:1 l, an.d moo-

oi .:~ d r; gr<~yJsh-brown fiiendy .l.olllll sul:n>oil 

-ar.!!l surtac:e $O.ll. f!oth of these t>O.tls 

hAve mod r.l'!t;"' to rapid pcn;rueat.>Hit:y. 

The so. J.& of th ·· Apa~he-S~lve::-nocF.

land and the ~tuyudil. .. Co.laba.s;.u;-Ape:;:he as

sociat ons occu:r pr ,\ill" ly in t;hf' Uppoe:r. 

St:monem 1 :tf t> Wt'tt! ,1.11 t:hi~> 4rea and .ure 

forming in ma orials of volcanic or asic 

igneous oriog.in. 'l'h Apache-Silve:r-Roc!tlru::d 

a!':.so ·i~ ·J.on iii> cha:ract:eri.:~~;;d by rocky, ahal

l.o so • !sk 'l"tu~ 1I.Pi>clte s ony 10<ll\l is found. 

"'' gli:l!ntly-sloping ·to modera~ely-t'iteep 

lan4s:;:,;;.pm;. tU-10" s:lcpcJ i:IG)acon to ti:ril.;.n

ii9eways ana a ... he .fronts or basalt. flows. 

Th Apache soils a:::- typically sb.a:llo"" 0.0-

ZV :n<.J. c.alcitrecu.s brow:1-color-ml s<:.~11~> 

wJ.··h <~pprcx:!t<i<H;ely JOt of ·he 1:op 9 1.n . of 

thn soil profil~ and 15 of t e rema~nder 
of t:hc profile consist.i.li9 of basalt £ra1;1-

ment& grila <~ than J .tn. i.n tliam~t:t:U·. This 

fActor, alone; with he overt all cc<U'se·- ·ex-

u.:-ed n ur of th o-11 and ·9·16 in. hori

zons (sMtlj• lo>L't\ over .a lOMI soH i, ac ~ 

counts for 'th& molle:r.at: ·o ro .. id pt;u:o:ea

bil J.'t)' of the~W< soils. ln cont.rast \!11 h 

the A, hChq 1'1Hl>11.lenl~, i:lw Sil•te:r: l¢1" !PAY 

have a t;Oil depth oi 59 J.n. <1m! is bt'own, 

Do:ncalcarecn.u> s.oil vn.l.cl\ occ-upies near y 

lev(!l oi!lri!l:tS ( 0- .St .slo~) on tn;oad .swalcs 

ar.rl d prossions. 'l'he prof Hi! ruay he sub

divided into four hor.lz:ons em tiie hiHi.i.B of 

partielc size eistr.ibutio:n: n-3 in. (loam)' 
J-Jt: in. (cl,ty), 14-4~ in. l .1It:y clay 
!o3rnJ, and .:l.S-!Ht in. ( .oam). :rhus, a .though 

ens loamy horizons 4XC morierately pe.~ea 1 

t:c water. the cJ.a:y i!nd sU t.:~· cl<ty loam no~ 

r.izcns ex.h ·b·t VE'I:t:Y -slo\<' nd slo~o· pm-mea

b:U. .. ity. Rockland, a misct<llant~ml lana 
type, occ-uru on s,:.(:lep : o ve.::y D ee.p {'S-50 · 

sloped from:;s of J.avl! flow$ -anti r>ideG of 

~as~lt-capped m sa adjacent to the chan~ 
nol alluvium of the l iqt::td ,.·as!:{! d.i spa sal 

ar:eaa. Al.though .he Silver, Apache, aad 

Ro r.l<.tnd soH~> occup:; llpproxim•~tely 10, 60, 

ana ;ww, oi' 'this n&uQciutlon U'l Etu1uov .l i:!nd 

Lots Al.anlO.G Co\m .i e, th ':'- ;.:·e ~l!Oo ~lll1 

areas or· C<!lla <UHUl, l!'.a]ada, and Prie<t.a aoLl\li> •. 
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TABLE I 

PEDOLOGIC CLASSIFICATION OF MAJOR SOIL TYPES 
OF THE LASL AREA 

Order soil T;a~e Subgroup Family 

Mollisol Majada stony fine Aridic Argiustoll Loamy-skeletal, 
mixed, mesic sandy loam 

Mollisol Apache stony fine Aridic Lithic Loamy, mixed, 
!: sandy loam Haplustoll mesic 

Mollisol ·unnamed Soil B Lithic Haploborall Coarse-loamy, 
mixed 

Aridisol Calabasas loam Ustollic Camborthid Fine-silty, mixed, 
mesic 

Aridisol Silver loam Ustollic Haplargid Fine, mixed, mesic 

Alfisol Unnamed Soil A Typic Eutroboralf Fine-loamy, mixed 

:. 

The parent rna te·;- ials and dominant veg

etation of the Majada-Calabasas-Apache as

sociation are similar to those of the A

pache Silver-Rockland area. The Calabasas 

loam is found on the relatively gently

sloping swales and ~lains (1-5% slope) a

round the hills (20-.50% slope) occupied by 

.the Majada stony fin'e sandy loam. In con

trast to the Majada mollisols, the Calabas

as soils are classified as aridisols, im

plicating these soils as being lighter-col

ored, lower in organic carbon and thinner 

than the mollisols. ·' The Calabasas loam is 

similar to the Majad1a soils in having a 

non-calcareous surfa:ce soil and ranging to 

a calcareous subsoil. However, the Cala- _ 

basas soils exhibit a soil depth of 49-

59 in. and their slow subsoil permeability 

is attributed to the clay loam horizon 

present at the 21-32 · in. soil depth. The 

Majada stony fine s~ndy loam is found on 

rougher terrain than the Apache soils, and 

the surface soil is not calcareous. How

ever, this soil contains only a few cobble 

and stones in the top 7 in. of soil (20% 

of the soil consists of particles with a 

diameter greater than (3 in.) whereas 40-

70% of the deeper hO:rizons (7-39 in.) are 
'· composed of particles in this coarse frac-

tion. In spite of tpe cobby nature of the 

Majada profile, the presence of a sandy 

clay horizon at the 14-19 in. soil depth 

is responsible for the slow permeability 

of the subsoil. Although small areas of 

the Apache and Silver soils also occur in 

this soil association area, the remainder 

of the area contains soils forming from 

pumice such as the Los Alamos sandy loam 

on relatively level areas (0-10) slope) or 

the Guaje gravelly sandy loam on steeper 

topographic areas (10-30% slope) • The Los 

Alamos sandy loam and the Guaje gravelly 

sandy loam exhibit depths to underlying 

pumice of 20-49 in. and 8-20 in. respec

tively. These soils have a light brown 

sandy loam surface layer and a brown clay 

loam subsoil. This horizon grades through 

a very light brown gravelly sandy clay 

loam to a layer that is composed of 80-90% 

pumice. 

3. Biota. Since the Laboratory is 

located in the eastern half of Los Alamos 

County, most of .the plant collection ef

forts and the field observations on wild

life have been confined to the .Transition 

and Upper .Sonoran life zones. A listing 

of some of the biota which can be found in 

Los Alamos County (and in the western por

tion of Santa Fe County) for at least a 

part of the year appears in Table A-1. 
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The flora listed includes 139 species of 

37 different families. The listing also 

includes 37 species of 14 mammalian fam

ilies, 13 species of cold-blooded animals 
from 6 families, and 187 species of -44 avian 

families. All of the cold-blooded and mam

malian species are permanent resid~nts even 
though some species may move seasonally 
within the county (e.g., mule deer and elk). 

On the other hand, Hubbard11 lists only 37 

of the 187 species of birds as being per

manent residents of the county with an ad

ditional 46 species that use the area as a 
breeding area during the summer. Approxi

mately 30 of the listed animal or avian 

representatives are game species which are 

legally hunted in New Mexico. Nine of the 

listed faunal species are considered rare 

d d 
. . 7 or en angere ~n New Mex~co. 

The herbarium which was prepared this 
past summer presently contains examples of 

all of the plant species listed in Table 

A-I. The collections which will be made 

during -the summer of 1973 should complete 

the reference library for vegetation. A 

typical representative of each rodent spe
cies that was collected d_uring the last 

six months was prepared as a study skin. 

This collection contains examples of most 

of the rodent ·species listed in Table A-I 

and additions are made to the collection as 

new species are caught. 
A mosaic of the LASL environs has 

been prepared from black and white aerial 

photographs to serve as documentation of 

the existing composition of the tree and 

shrub species. In addition, vegetative 
types are in the process of being deline

ated on the mosaic by drawing boundaries 

around areas that appear to have a similar 

vegetative composition. A type designation 

is tentatively assigned to each area by ex

arnininq the color infrared photographs 
which show a distinct contrast between the 

dominant and sub-dominant plant species. 

Each bounded area on the mosaic will be 

visited during the summer of 1973 in order 

to correlate the photos to the existing 
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vegetation and to estimate the relative 

density of the species comprising the 

type. 

III. RADIONUCLIDE STUDIES 
A. Background 

There are three specific projects 
which have been initiated under the radio

nuclide studies program thus far 
1. a monthly summary of information 

on the 'use histories of the three liquid 

waste disposal areas including accumulative 

radionuclide inputs, 

2. studies on the eco-distribution 

and k1netics of radionuclides in biotic 

and abiotic components of the liquid waste 

disposal areas, 

3. a 27 year post-shot resurvey of 

the radionuclide content of the soils and 

biota in the fallout pathway of the world's 
first nuclear detonation at the Trinity 

Site. 

B. History of· the Laboratory's Liquid 
· wa·s·te· Tr·eatnien·t and Disposal Procedures 

Although the main function of the Lab

oratory has been in -the field of weapons 

development, numerous other ?rejects, most

ly connected with nuclear energy, have been 

and are under way at the Laboratory. One 

experimental reactor program, the Sherwood 

Project, involves a characterization of the 

nuclear fusion process and is currently a 

major activity. Medium-energy physics r~

search work of the Atomic Energy Commission 

will be centered at the new Clinton P. An
derson Meson Physics Facility (CAMPF). In

ternational research at this multimillion 

dollar installation is expected to start in 
1973. 

An 8-MW, light-water, moderated reac

tor and a 25-kW homogeneous reactor are 
operated to provide neutron sources for 

experiments conducted by the research 
groups at LASL. 

The plutonium research program at the 
Laboratory has always been a major effort 

primarily directed toward the use ot239Pu 

in weapon fabrication and as a reactor 

-· 
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fuel element. Currently a major emphasis 
238 is being placed on the study of Pu for 

power sources in space or for implantation 

in humans. 

As may be expe~ted, the nuclear pro

grams have, and are," generating quantities 

of radioactive wastes, some fraction of 

which have been discharged to the environs. 

In addition, there ~re discharges of cer

tain nonradioactive :wastes, including 

those characteristic .. of high explosives 

work, as well as sanitary wastes. Air

borne wastes are gen.erally treated and the 

efficiency of air c1eaning processes are 

constantly being improved to minimize dis

charges. It is estimated that about 1.5 

Ci of plutonium have been discharged in 

airborne effluents from the plutonium fa-

· cilities over the pa~t 25 years with the 

majority of this mat~rial in the period 

before 1962. As a result, detectable quan

tities of plutonium are present in the 

soi.ls in the environs near these facili

ties1. Some tritium is discharged to the 

atmosphere on a sporadic basis as essen

tially instantaneous ·point-source releases. 

Radioactive wastes disposed to the 

ground at Los Alamos . consist of solids, 

liquids, and sludges :. The types and quan

tities of wastes hav~ changed with time at 

some areas, and the techniques of disposal 

have evolved from crude uncontrolled dump

ing to controlled bu;ial or discharge. In 

early disposal practices contaminated sol-
! 

id wastes were sometimes dumped into scrap 

piles near the laboratories, and both sol

id and liquid wastes were dumped outside 

buildings or down sink drains during emer

gencies. Liquid wast,es were at first dis~ 

charged untreated int,o canyons, into under

ground storage tanks, or into pits filled 

with gravel. Severa+ old, marked burial 

grounds exist on site and in most cases 

are in fenced contro~led areas . 

Since about 1950, solid wastes consist

ing of laboratory or experimental equipment, 

ranging from glassware and gloves to entire 

buildings, have been ·buried in designated 

radioactive solid waste disposal pits. The 

operational site is currently on a mesa at 

the eastern edge of the Laboratory area. 

Lower level materials, contaminated mostly 

with traces of plutonium or fission pro

ducts, are buried in cardboard boxes. High

er-level transuranic element wastes are 

buried in(a 20-year retrievable form. Spe

cial attention is paid to very high-level 

sludge wastes by burial in metal-lined holes 

sealed with concrete. Tritium residues 

have, in the past, been buried in low-level 

waste burial sites. More recently the trit

ium wastes have been encased in asphalt 

prior to burial to minimize the migration 

of the nuclide. Several other old, marked 

burial grounds exist at LASL from earlier 

operations. 

Nearly all of the liquid wastes gen

erated by the Laboratory since its begin

ning in 1943 were collected by industrial 

waste lines, treated (since 1951) and re

leased into one of three canyons. The ef

fluent originating from the liquid waste 

treatment plants in Technical Areas (TA 21, 

45, and 50 (see Fig~ 2) eventually soaked 

into the alluvial soils in DP-Los Alamos 

(DP) Canyon (TA-21), Acid-Pueblo (AP) Can

yon (TA-45) and Effluent-Mortandad (Mor

tandad) Canyon (TA-50). 

Liquid wastes were handled differently 

in Technical Areas 45 and 21 before the es

tablishment of the treatment plants in 

these two areas in 1951 and 1952, respec

tively. From 1943 to 1951 untreated liq

uid wastes, which originated in various 

chemical and metallurgical facilities at 

the Laboratory were discharged directly in

to the AP Canyon system. The amounts of 

radioactivity released during this period 

were not measured. Liquid wastes ·at TA-21 

were discharged to two major systems of 

seepage beds, which were constructed as 

filters, i.e. they were filled with stones 

and gravel at the bottom and with layers of 

small gravel, soil, and tuff above. While 

these seepage beds were in operation, hun

dreds of soil and water samples were 
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collected around and beneath these pits. 

The results of these observations indicat

ed that plutonium had not been translocated 

into the adjacent DP Canyon. 

In 1948 a joint effort was started by 

the Atomic Energy Commission, the U.S. Pub

lic Health Service, and LASL to determine 

the best method of treatment for radioac

tive liquid wastes. These bench scale ex

periments were evaluated and indicated 

that conventional water treatment plant 

methods would have to be elaborated upon 

for the management of radioactive wastes. 

Thus, the treatment plant was designed· to 

provide flocculation-sedimentation and 

filtration of radioactive wastes. 

The basic design of the TA-45 and TA-

21 waste treatment plants, which started 

operations in 1951 and 1952, respectively, 

were quite similar. Liquid wastes receiv

ed by these treatment plants first passed 

through a weir, where water flow and pH 

measurements were made, and samples were 

taken for influent radionuclide determina

tions. As the raw wastes passed into the 

flash mixer, sodium carbonate and calcium 

hydroxide were added if the influent was 

acidic and the wastes then entered the in

fluent holding tanks. The raw waste was 

then pumped to the flocculators where cal

cium hydroxide, sodium carbonate, ferric 

sulfate, and a non-ionic, polyacryla~ide

type coagulant aid were added to concen

trate alpha activity in a ferric hydroxide 

floc at a relatively high pH. The coarse 

floc was then collected in large sedimen

tation tanks, removed to separate storage 

for decantation of excess liquid, and then 

further concentrated by vacuum filtration. 

The r .esulting filter cake was buried in 

drums in a contaminated burial ground. The 

sedimentation tank effluent now contained 

relatively low levels of alpha activity in 

a fine floc, which was then removed as the 

wastes passed through three sand or an

thrafilt filters and into the effluent hold

ing tanks. Starting in 1971 at TA-21 and 

TA-50, carbon dioxide was injected into 
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the settling tank effluent in order to con

vert carbonates, which clog up the anthra

filt filter, to bicarbonates. The alka

line (pH 11 or greater) treated waste, 

which now contained about 1% of the plu

tonium received by the plant, was then dis

charged either to AP Canyon from TA-45 or 

to DP Canyon from TA-21. After the new 

TA-50 treatment plant was started in 1964, 

the TA-45 plant was dismantled and a small 

portion of the AP Canyon walls and alluvi

um near the effluent outfall was removed in 

the ensuing decontamination procedures. 

The original plant at TA-21 (Building 35) 

was replaced by a new plant (Building 257) 

in 1967, Which used the same holding tanks 

for treated wastes. 

The TA-50 plant, which took over the 

old TA-45 plant's waste treatment respon

sibilities in 1963, is slightly different 

than the TA-21 plant. The effluent from 

the anthrafilt filters at TA-50 is divert

ed through ion exchange columns to remove 

beta emitters (e.g. 90sr) from the liquid 

wastes. The TA-50 plant has not handled as 

many batch waste disposals (high fluoride 

potassium hydroxide wastes, acidic raffi

nate wastes, and alcoholic wastes) as have 

the TA-21 plants. In addition, the TA-50 

plant does not receive the large amounts of 

intermediate-level americium wastes treated 

by the TA-21 plants and, thus, does not 

have routine procedures and equipment for 

incorporating americium wastes in a cement

vermiculite mortar. 

The three canyons used as liquid waste 

disposal areas have received contaminated 

wastes for varying lengths of time. Acid-

Pueblo Canyon was used for a period of 20 

years during 1944-1964 but has not been 

used for at least 9 years. The DP Canyon 

area is one which has been used for about 

20 years and still receives discharges 

from TA-21. It is expected, however, that 

use of this canyon for disposal of plutoni

um wastes will be eliminated within the 

next few years when a new Plutonium Re

search Facility is expected to become · 



-• 

. ~ 

operative. Mortandad Canyon has been used 

for about 10 years as the disposal area for 

wastes from the TA-50 plant. This plant 

processes industrial wastes from the major 

portion of the Laboratory. It is presently 

planned that the industrial waste from the 

new Plutonium Research Facility will be 

handled by TA-50. 

Thus a noteworthy opportunity exists 

for studying the ecological behavior of 

plutonium in disposal areas that are in 

three different time stages of useage 

1. an area that has not received plu

tonium waste water for 9 years, 

2. an area that has long been used as 

a disposal area for plutonium waste, but 

within 5 years will no longer be used, 

3. an area that will be in continuous 

use, and further, one that will receive a 

marked increase in plutonium throughout a 

fixed date. 

It is evident from data which are pre

sented later and from discussions with the 

few personne114 • 15 who were here when Lab-
. . 3 137 

oratory operat~ons began, that H, Cs, 
238Pu, 239Pu, 241Am, 89-90Sr, and 235U were 

discharged into some or all of the liquid 

waste disposal areas. Unfortunately, the 

lack of comprehensive records on the radio

nuclide content of treated effluent (with 

the exception of plutonium) was not main

tained until just recently. Therefore, it 

was impossible to estimate the quantities 

of these radionuclides which were released 

to the canyon areas. However, sufficient 

data were available to crudely estimate 

plutonium input to the canyons by utiliz

ing gross alpha activity measurements 

which were made on the treated effluent. 

The assumption was made that all the alpha 

activity in the effluent was due to 239Pu 

so that the estimated input to the canyons 

was in terms of 239Pu "equivalents". In 

reality the "Pu" in liquid effluents re

leased to DP and Mortandad Canyons after 

1959 consisted of a mixture of 
238

Pu and 
23 9 . f . . 1 f 238p d Pu. Spec~ ~c ana yses or u an 
239Pu in liquid effluents within the last 

two years indicate that about 80% of the 

Pu in DP Canyon effluents is 239Pu while 

80% of the Pu in Mortandad Canyon effluents 

is 238Pu. 

Records on the amounts of 239Pu in the 

untreated effluent from TA-l were not main

tained during the 1944-1950 period and con

sequently, estimates of additions of this 

radionuclide into AP Canyon were necessar

ily without a quantitative basis. A crude 

estimate was made by assuming that the 

amount of 239Pu in the effluent increased 

linearly through the 1944-1950 time period. 

The first year that complete records were 

available on the Pu content of liquid ef

fluents was 1952, and during this year pre

treatment liquid effluents designated for 

disposal in AP Canyon contained 45 mCi Pu. 

A linear extrapolation from 45 mCi Pu re

leased in 1952 back to 0 released in 1943 

(a year prior to plutonium processing) fol

lowed by numerical integration resulted in 

an estimated plutonium input of about 143 

mCi into AP Canyon (Table II). 

During the 13.5 year period when the 

TA-45 plant was operational (1951-1964); an 

additional 24 mCi Pu was released into AP 

Canyon which brings the total estimated Pu 

additions to this canyon to 170 mCi. 

The TA-21 facility which became oper

ational in 1952 has released an estimated 

32 mCi Pu to DP Canyon through 1972. As 

mentioned previously, the possibility exists 

that prior to 1952, additional Pu (and 

other radionuclides) seeped into DP Canyon 

from disposal pits located on the adjacent 

mesa. However, there is no way of assess

ing the quantities (if any) involved. 

The TA-50 waste treatment facility 

became operational in 1964 and as of 1972 

has released an estimated 42 mCi Pu to 

Mortandad Canyon. As mentioned, the input 

of Pu to this canyon is expected to increase 

after the new Pultonium Research Facility 

becomes operational. 
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TABLE II 

SUMMARY OF PLUTONIUM ADDITIONS TO THE LIQUID WASTE DISPOSAL AREAS 
FROM 1943 THROUGH 1972 

TA-45a TA-21 TA-50 

Kiloliters mCi Pu in Kiloliters mCi Pu in Kiloliters mci Pu in 
Year Effluent Effluent Effluent Effluent Effluent Effluent 

1943-50 143. 
1951 16435 0.4 
1952 30037 0.3 11030 0.1 
1953 29407 0.9 15023 1.6 
1954 40870 2.0 12248 0.5 
1955 39446 2.2 10956 1.1 
1956 40326 1.1 14388 0.8 
1957 43676 0.9 17839 1.0 
1958 39270 0.9 10064 0.5 
.1959 43982 1.2 9450 0.9 
1960 41072 2.2 8684 1.7 
1961 52852 5.7 9419 5.0 
1962 64150 3.9 11128 3.2 
1963 30887 5.1 12154 2.5 27292 1.5 
1964 850 0.04 57 54 1.1 51529 2.0 
1965 9418 1.0 50632 3.5 
1966 10182 0.8 53120 1.7 
1967 9289 3.4 59678 4.2 
1968 5381 1.6 60286 2.6 
1969 6870 1.6 54480 6.8 
1970 10889 1.5 54797 5.1 
1971 9908 0.7 46201 6.0 
1972 8989 1.1 59374 8.1 

TOTALS 513260 170. 219063 31.7 517389 41.5 

a TA-45, TA-21, and TA-50 released liquid effluent into Acid-Pueblo, DP-Los Alamos 
and Mortandad Canyons, respectively. 

c. Description of the Canyon Areas 

The elevational profiles of Mortandad, 

DP, and AP Canyons from the effluent out

fall areas to the Rio Grande River are de

picted in Figure 7 along with information 

on the relative density of some of the ma

jor biota. In general the physical fea

tures of the respective canyons are very 

similar. Near the outfalls, the stream 

channels are narrow, rocky, and contain 

relatively thin layers of sediment (from 

1-6 in). The channels all rapidly drop in 

elevation within the first 1 1/2 mile be

low the outfalls where they enter fairly 

broad portions of the canyon (about 1/4 

mile across) • Thereafter AP and DP Canyons 

12 

decrease gradually in elevation to a dis

tance of about 3 miles post-outfall where 

they first join and then again precipitous

ly drop before entering the flood plain on 

the west bank of the Rio Grande River. 

Mortandad Canyon, on the other hand, de

creases gradually in elevation from 1 1/2 

mile post outfall down to the rim of the 

Rio Grande escarpment before it rapidly 

drops to the Rio Grande River. 

A permanent flow of surface water does 

not exist in the upper portions of AP and 

DP Canyons. Water samples in AP Canyon 

were obtained (as part of the honeybee 

study) about 0.1 mile post-outfall from a 

small permanent pool which apparently was 

·-
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frcn 
l 

Ci1u ~ ~ "R~d!QO&soy P:·(Jnp(f~:cr !r~r 

S~rn~·l~3,J~ 2 t OcBerto!1, 21 M 
'l ·~ 

:~LG !~t~l ".: r:~:· r ....... 

tjllt":· I ._,..,. 

bout: ~4¥!' 1 ' C l>it.Jr:· :.!!;;ed ~ .. -. t:r~t" p~vf;:l:'~nt E,..udy 

:.::I:td h.!ght.-r t~H .. 'Y~-~!Aa~~.r #:1~, t.~:;p~,t" Ji:t 1! y r te:1 .:-

J ' 



l f.l(l" C, "'~r!! &t:r: icl.l y avo 1dcoc! tri.n.cn vo_,,. 

!.:tle Or'9iln1cs; Ut '.'.lSi.hl% OLci.crV~d i.t tl!.c 

ccndt>t:;S£od water G.nnp1~. 

'i'he> min1.mur.. ilf".I\S.i. t Jvi.t}' (..-f oar- sy!iitcrn 

fer t..rit..lw:' ~s. ea.:.<"ul.at.ed frau tfv:: follow

.ll\9 formul. ~ ,.p; 
!.: • PC • Alq 

~ • tn::..nirot:mt .l:lensitiv..;:ty i:.'l J.tr..it.s ctf 

;:;t:i/ml lm: l!l 4 :rJ :r.Hil!l;t:.l c an.!:'! a lfiQ-min 

t D "' t:::..me l::xu:k.groW'ld aour.t (.--;U " l 0(1 ,Tiin 

;; ·"' efHcil.4'lC'J" of bet.a dct.ectJ.on {cpr.J 

ttp::-) "' • n 
PC • pJ.co c ::lc conv~tn~;.m ¥."- ;>.:!? u.r:n/ 

'!'l'lc mit.i.!!:UI:'tc S{!-nni.t..l.\' .l ti' unt.\ :: t:h co.n

di:t ons qiw.4"': as tl. :n pe.a. 3u.rnl or a.bt1\l · 

L s :;.oe1 3n. 
l. C'c,s.iuln-.l.:r?. Vts9'ct;.ation and ;:;nim<>l 

Hl!SUeli tnn!SC: h ol" cr.:.:rcn£\s) wru;e aven-drl 
at l Ql)• C for 4 h arul thtm were atu.f!l(.>d • 

-4. SO" C Uttt.il Wh.1.t.C" i'LISD W3.;; ~bt:,eined, 

Al!lh~d 11iot.ic sampl~a .as well as evap::n:;H:t!i:l 

.,,,H;er and SeSLOfl {su.s~:nd:ed pa:rticu.lat:es 

in wat ·1') sattt"pl · ~ were d.ias.o.lved in 50 ml 

o 7. 2 N awo
3 

in OCHnl Pyrex be.t\i{er owa 
wer counted on c J :x 3-.in, a.T FC.1nl:..!.l1a

tirm dct:ect.or. !ion-.ashoo a~inte:tt $dntjJ!.es 

~er~ counted on ;t: Nil!l dt-:tt!cto:r l.n a 60(;-ml 

btu.t'!o,cr oful the hciqnt of ~.he -eonta.Lned •lol

um "'ot5 .rt..,..:oraed to t.hfi: n~an:M: :t.i1lim(,t . .r-. 

s•· ·udaraa ccntainll'19 known quc.mt:ir::.ies o:! 
.1.}7 ,, 

wE Ver~ _pr~~ed in the proper 9eometry 
!;.~\ t:'Olllp#t""l'.' with ~>Jltple l!l..lt;t'tials . 

Some sa:npl H c:ont.ain~:.'t'l mea.:!>urabh.• 
1)~-r A D. _d Anw h ,,.....,. tlle channel c io$ l'itetho<l 

was un to corr ct. ~he 1 ~7cs photo~n~ 
<Ht:;<t tot 134ct. •md 40}( contr:Lbuticms:. 

~... .. 137,... 
.ui. ttil.I"Ul!hl.l'l! \ .. !"' !HU'l£lLlV.lt.y of tht! 

grurr:rriJl ;;l;l'!tttc:..~on !i,l'fit.~, nf cr tl "50-m.ir. 

S Aim m. OOO-qTlH1 s.anplul ""0 .0-0 pCi/g 

\lege iltlD.n 1200-qr_,r.; sample) "" f.l.Ozt pCl/g 

Pe--t' .t.;.I;'H;;1 £> (5()0- t''-'rt S;).mpl, ! "' 0. (109 pC:i/{1 

Ml:.>Ul>(: CilfC<'I!i'S 0 ~-gn;nr l>ill11pH:d " n. Zl yCi/'J 

Honeybees flSCt-gram Sill'Trp1'2l " o. ()29 pCi/g: 

AtM<ric.iu••.?!L· All samplt> mn'tr
r ia.ls t.c which rm::t>Z quilnt.it.i~!i of :i.; ·2 u 

·' 2.0 > . ' a.n-. Art, w •z t;_ ..:v;:!def;l, wu;:e ~;ubJ ~;tC:t'-~ t,.,. a 

hydt"o! luor i.t::-n .i t.1 .1c <H:: .1:.! 1 ach, IH'I ion cx
ch<ti'I'.Jt' S•!)!'i:lt"ction, olect.rodupos:itiotl, nd 

alpha--~-llf spcctroucopy ~c, qua::-.~i..fy ·r:Ju: 

plut.on 1Jilt :ttid .11m rici.w:·, t'rt:'lntent. 'rho tot:.al 
sam;. i e w.t;& Cttr-r m:: t;h.rough 

am:! amcr.tt::.:urn chcrr.iotry to 

he plutcn.i~.>m 

1 irn.int~t "'tty 

e:rr~.:n·. • Gso-::: L.::~t:oo wi·tt a:u.qul!:r!:.:.in9 ;:. com:>lex 

trnt:ri)! suen as liiedl..mllrnt.. "!'h m .. nl:!Hztt C::Sc

ttt•:.'t.Mbl~J il.tw.:~u:nt. of ?:J!!Pu, 2')!;Pu, .and Al.ru~, 
b.'isllcl ~:~oie1y c:.' eounxing !lt.at:ist:.ics W"llA 

C!.Ol pCl/::;;a:np e. Split sampl.on WI:!."-.~ cub

:rn.it L<>il t:o:- -anvlyt:is o tlutcn"ltl'lE> the rtr 

pe.a ;.l!.~.iJLi.tV of ttu. ann.lyt:.i.cn pt:occeuuntn 

t:a:ml.na:.. icm 
l • aa.-ckttrourn.l. o:u.~ a.spee t u r the 

radlot'!coloqiclll studif<!f-l At. J.Q5 JUamos d 11.1 

wi h t. he lr:ien H lea ion of l unt and an.il:!ll!U 

"l.n-spe~;ie& which c«n b unoo ns h ological 

dicll.t.Prs" ot radionucUdc c::ruH:.I'..m::.nat.io :.i.n 

the: n~tural c, vuoMtemt. . Ho:neyb~ss {Apl$ 

wen H r.u 1 .are pott!nt.ii'l.U~' U<' ful ••a "in

:::Hc<.~ ·o:·" o:r>t;~;m~~:;m• 1:1ecaus t.hej.· are lrno.,.--n 

to .;.ncorr,>Qrat cert l.n :::athcmuc::l.t.des wlt.h-
•;. 2t 

J..r: t:h_ir hoditMll ~..,' • rtlqu.ire <'l. source of 

wa.t:er ror dri.nk.i • . q nn£1 otr~r pm:postn>; 2'6 

foraqt. qvc'!' it 1 rq~ VilltJEfCat.ed area and COl!'> 

int:.o conltl:Cl ""i ll pl&Zlt*> whic:r. a.rtt £Mt:ett 

by ot:he.r or"an !mi..$; .artt colonl:.:<:J.n.g i.mu,;.ct!l 

and t.herofo:na <H'l:l eMlUy snmz;.led: a.nd p.ro

rltlc ill !'ooo !honey) whkh is; ccrnsumed !:'}' 

' · 



nt:ot.ivt... vc.~uu~:~ s~'>r!tJpt::;;! 

dra:ttlS {thi:Lle-s) wete 

2tr-5fl qt':ttH ~iW.mpl(;~;, ct' ear:-:r;, be ~·, L~/:>e "rierc 

C{":ioLlBct,ed: hvwc~~"tt:::z 1 tht (jt:E'ln t,ity ·\.•-'in.;: .i.tl··· 

t:::rt:~ir~H:;ri t:e l. 50 q:T~\EH~ tt:i er"'L.;.1tl<'"__: ~nc uetec-~ 

".: . .ion tir.'J::tt:.£ fr;r JJ"?Cs~ Prf-·_·alU:t prc<h.::ced 

:~letJvod: uncd Lor CC!l.lt.>::::tlnq bc.<ney~ 
hees, 

Tile 

cf-

DP CBnyertJ no\t~ P:t"·OC·GJS.Be't-a &t>Cut fH}t. 

.an4 ;o% ?,}BPu wher-oa.s t.he -eppcrsit .. <~ 1s true 

::.or tt'Je 71~-s.n p.LEL!1t~ ¥th..i.ch r.e.1~Al1ges 
'"';,..,. 

~'-rts-t-e-P "t...o Hor-can.d.:etd C-fif'ly<:t-n.. "the .: ;j 



r't.Gf.>CC:tLV""lY. p,ppi:!l:>t;,!'\Lly, tlOtR!i! .:'.ruct.J.i..1tl ct 

t:htl ::1:\S:r~.:, whlCI\ Wrtfl r•~lcased t;(;; i\F C<u1yon 

tn:rm 1!144-1~6-J, :.s st:lll £olubl4 und*r the 

cone.i.t.1ons that exist. ln tr1e canycm. 

Thi2 rt~ t.t\t it:-v ttmot:nt. o!· Pk ilSHoc .i.at:8·.d 

wi~h the s~ttto~ f::ac:.:io:n o.t each wuter :f~M~-

ple V•'iried frorr .:~ few percent tc about SO't 

of the t:.gtal. 1'h,;xefo:te, the t:Qnc:l.usion 

the Pu in thli' "'ater S<l!!tple !wt least SOt) 
wa..s: soluble or rtwt t.ti.e f'u ~'<15 ·±sctlociilt!!;d' 

\olith C<Jll::>;u:i&l Jnatl'$t'.LJ:l!1 14hit:h the Wh.(\tltill!n 

f il.to.r.s tU.d not. ~· w,,.;:rve, 

A final .l!!lsessme:r,t c.i the plut.on;:r.;p 

<md am~ricd.wn ct<J.t.<• for the he-es will r.e

qu.i.r.-:1 the coo:pl.:~te :set o±' d.:n;l'>. Ho•uiJVer, 

i'L wan apparent tlurt the corn::entr.uti<:rn~~ of 

I:J:tcs-n radiom;u:::lidtts :in bees were both lO\<i' 

a~d comoa...r<llllc to val\le!ii for other biot: ic 

mat:e:.ci.a~s . he::e <c1t Los AlAmos::?? <1!'>0 at. wlher 

locatio!'ls in the nr-.itc,d .Sti!·ten. 28 ' 2 9 

The iUUtlyais r~Jl· plUCC}V..Ht!l:'. i!:ld Rf:ltll;'i ~ 

cl.um in honey samples was delnyed due to 

t.he extr!;;l.\'ll~ tlif:f icuJ t:.li t.mcountan.ltl in <ilsb

in9 these aarr!plel'. 
b. Ces.ium~.l.:J7. t~o.ncenr:r\:tdon:.w of 

.tn aU b~}'<' and hon<~Y a.uap1e,; tltroturh

out the no day obs:e::::vat: ion ?er ioo were not 

significantly thffco:o:mt: f:rGRn zero {a "' 0.05} 

even t.iv::m9h l~Z,.,.eJs of this .mteHdt: in DP 

and No:tt:llr>.dad C:1ny<::J.n VJate:r avcx~gmi about 

ly (noe Tablez l\-1.1 and 1"-n.n. Specific 

d.at.a (Yfl T-1ld1-0::le$iutll ttte·t.~b~llflfl'> it: n01:1ll.ljl'

l;:te!.:1~ a:-e not .dV1'!.:!:l<>.ble. He~i~PV<:tr, dat.a for 

oth•n il'>~lect. ':n • ;r~ 'lJ Nhow tho/t 
137 Ce, which h qcne.::::aJJy a oohtble ra.di.o-

.uuclide. i.s readl.ly ir.corpm::a'teo into in

s.ect ti5sue just alit H. is in othtn: faurtiJl 

Sp$Cie;o, '!'luu:efon:l!, .tt $eems likely that 

the lack of measurei::<le qua.nt: 'tj~z of cncs 
in the honeyl:mea in the prcesent study indi-
J.::<Ut.e<d th:<l>t. Lht' bees w:ere rmt 

l:P Cs ccm:c&minllted erflue.nt ••at11r. 
~;. T:rit~~· A qrapi1ic SW!Imil.T}' of: 

the tritium dnta over the first 1.20 days of 

the c:upt:tr:l.went for worker het~l'>, h.ont'ly, and 

cfilut;:nt Wltt& :LrtHt th~ canytnts app!!!ttra in 

1£ 

Figu:ce:s 9, ltl, Ml>t 11 , 'The tr :.t :iw,; conct;lt~" 

trut.io:n~ itt hive .bt;;1f_15 1 wh:ich cJcfAt.~.ly fol-~· 

l.owoo tl1c diltA fox honey , were not im::l!Jded 

itl the 

s of t:rit.Lum (pCi/nt.l of un

t)Ound wa ·e:r} in bees ani"l bone-y t:r:·o~ i:lll 't'.tS 

!..hf: ctH'l:)'t>~'ll'l lncrt:.:; .. ~ d.rdP1•'lt:lc>.;j:u.v 4tbn-.·e, 

the J pCi w.h.ich wils meo!H.ncii ir, pre-

el(peri.mem: sarr:ples on June ~!9. 197 2, for 

entu1tp1e, 17'0l'lt:<-erttrtJtirms ot t.-d.t . .Hll1' ln l!.'Ork

t~r l;K>e~> fn:wr M::::n-tilndad, PI'-, anci .twui C,qn

yonr& incr-c.ascd t o <D maxJ..mtun of 9600 p:ilm1 

ir: 7:, cle:ys., 2Ti0 fl!('i/rol .i.n 9 da.yr;, <Htd 5&1:1 

pC:l/ml ::.n 25 aayt1 , reupectn•ely. J, g-ene:ral 

decr'e.nn!O in trw t:ri t;ium content of work-er 

lib-day p¢:r:ioo. '!'ft!SI OVBY.Eitl Lel!.fi\TJ.Ot: o£ 

triti uw i~t hive b1:ott!G atli:l i;ont:y bees ( 1. e. 

¢ymudc!J and ccnt>tm't l waz v.er:y s.i.rnila.r 'bo 

the diit)l fer ~ork~r be?e£_., It t irH: .. f<i.rest-

ing t.n no·t· th;lt.: ':.he soutCt'c' of the tritium 

tn t:..he hn::v;;}' ,'1pp4-tentJ y w;u;: t.hc h.w., bees. 

whieh in turn 'lllere cyuppl:.ted ~.<rith 3
H by the 

~10rk:<::r be!))s. 

. 9. 'l':ritium, co.nc-ontra t:..onii i.n beefi, 
honey And effhl<:nt Wiliter in Hort
aruiad Can;.ton ms a run:::t.itm. of ti1t1e 
foll~Zw:t:nog e~?r.rr irne:tn:. :in:t.tiat.ion or. 
Jun* zg, l!!H. 
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The data indicate that the transfer of 

tritium from worker bees to the hive bees 
I 

to the honey was apparently very rapid. 

Studies 24 • 34 • 35 using 14c, 198Au, and 32P 

labeled sugars have shown that the exchange 

of nourishment between all bees in the hive 

was rapid as evidence by the uniform radio

nuclide content of all bees in as little as 

one day. 

The general decrease in the tritium 

content of bees (and honey) following the 

initial peak was probably associated with 

climatic changes. Maximum and minimum dai

ly air temperatures in the vicinity of the 

hives decreased about · 30 days after initi

ation of the experiment or on August 1, 

1972, and minimum daily temperatures of 

55°F were consistently measured about 60 

days after experiment initiation. Studies 

by Farrar35 indicated that bees perform 

little useful work at temperatures below 

57°F. The incidence of precipitation was 

another climatic factor which was changing 

during the period of decreasing tritium 

levels in bees and honey and may have had 

a cooling and/or diluting effect. The rain

y season at Los Alamos occurs in late July 
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Fig. 10. Tritium concentrations in bees, 
honey and effluent water from DP
Los Alamos Canyon as a function 
of time following experiment ini
tiation on June 29, 1972. 

and August (20-60 days post-experiment ini

tiation) and several heavy rains were re

corded during this period in 1972. 

Nearly all available evidence on trit

ium in the natural environment indicates 

that this radionuclide is not physiological

ly concentrated in biological systems. 36 • 37 

Since bees require water for drinking and 

other purposes 26 it was presumed that they 

would drink the radionuclide contaminated 

effluent water and eventually come into e

quilibrium with it. This was either not 

the case or the effluent water was provid~ 

ing an insignificant amount of tritium to 

the bees because the tritium concentrations 

in Mortandad and AP Canhon bees were as 

much as a factor of 100 and 450, respective

ly, above the levels of the nuclide in the 

effluent water (Figs. 9 and 11). In con

trast, the DP Canyon bees throughout the 

study period exhibited tritium concentra

tions which were about one-half of those 

in the effluent water. 

A possible source of the unexpectedly 

high concentrations of tritium in Mortandad 

and AP Canyon samples could have been the 

pits which have been used for burial of 

high level tritium wastes (and other radio

nuclides as well). Such a pit is located 

within 300 meters of the Mortandad Canyon 

hive and during the summer this burial 
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Fig. 11. Tritium concentrations in bees, 
honey and surface water in Acid 
Canyon as function of time follow
experiment initiation on 
June 29, 1972. 
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ground is covered with annual and biennial 

forbs including white sweet clover (Meli

~ ~), a favorite nectar producing 

plant for honey bees. 

A series of bee, honey, and water sam

ples were taken at four different locations 

in the Espanola Valley at distances of 15-

22 miles east and northeast of Los Alamos, 

to determine the levels of tritium in off

site bee colonies. In addition, a tritium 

analysis was also performed on one commer

cially available honey sample, bottled 190 

miles north of Los Alamos in Saguache, 

Colorado. The results of these analyses 

which ·are presented in Table III show that 

tritium levels in all the samples ran from 

about 5-7 pCi/ml with the exception of one 

honey sample which measured about 11 pCi/ml. 

The tritium content of the bees lo

cated in the effluent canyons on about the 

same date (October 25, 1972) was nearly 3 

to 30 times higher than the Espanola Valley 

samples. 

4. Conclusions. The use of the honey 

bee as an indicator of environmental pluto

nium and americium contamination cannot be 

assessed with the available data. It does 

seem likely, however, that the bees were 

not using the contaminated effluents as was 

anticipated (based on the 137cs and 3H data). 

Honey bees are apparently very sensitive 

indicators of tritium in the environment at 

least during the summer months. The trit

ium content of vegetation, rodents, deer, 

coyotes, and two species of birds from the 

three canyon areas appears to be in equilib

rium with the tritium content of the efflu

ent water. However, levels of tritium in 

bees from two canyon areas were orders of 

magnitude higher than the effluent water. 

It was concluded that the wide ranging for

aging habits of the bee make it an inte

grator and accumulator of tritium over a 

wide area. The bees, through the produc

tion of honey, also serve as a vector in 

the transport of tritium to man. 
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C. Radionuclide Content of Soils and Biota 

in Liquid Waste Disposal Areas 

1. Background. This study was de

signed to provide data on the ecological 

behavior and significance of various radio

nuclides (especially plutonium) which are 

released to the environment in Laboratory

generated liquid waste effluents. 

Specific short-range objectives of 

this study include the determination of 

th 3H 137C 238P 239P d a . e , s , u , u, an 
241Am content of sediment, vegetation, and 

fauna as a function of distance above and . 

below the effluent outfalls in Mortandad, 

DP, and AP Canyons; 

b. the vertical distribution of 
137cs, plutonium, and americium in these 

stream bed sediments; and 

c. the key species involved in the 

biological redistribution of the effluent 

associated radionuclides. 

2. Methods. A permanent sampling 

network was established in all three can

yons during the summer of 1972 (Fig. 12). 

Sampling stations which were permanently 

marked with aluminum stakes, were estab

lished at points 100 and 200 m above the 

waste discharge outfalls to serve as a 

source of "background" samples and also at 

o, 20, 40, 80, 160, 32~, 640, 1280, 2460, 

5120, and 10,240 m below the outfalls. 

Considerably more sampling emphasis was 

placed on the areas immediately below the 

outfall since radionuclide concentration 

gradients were expected to be most dynamic 

in this region. A general review of the 

literature on the radioecology of 137cs, 

plutonium, and americium indicated that the 

sediments in the respective canyons would 

likely be the major reservoir of these ra

dionuclides; therefore, considerable time 

was spent in evaluating sediment and soils

sampling techniques. Since the soils in 

the canyons are generally very sandy (and 

not rocky), it was decided that a core sam

pling device, which was designed to collect 
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TliL TRTT lUI< :CQL.,.!._L:!'Tl Of bEf:S * HDH!:~Y, ht'TD St:Hz-·t\CL j1t'ff:/J~TT~ 

Fl\Qti~ GF'!:~, ~- S-17t .LOCAT!OHF 1J4 NE1r~ H_F"XICr, 

J\l.:-~ Hiles 
1'!:01/L 

c: Th:(J ntrruttD.:r :i.n F~.r.ctJthct~ -g, in-tticatea On·*" m:t..:.a:r:cl.£trd cte~,·t.i:lt .. 1.VL 
;>r,n1r:>e:nt.ra~-:.or ht~ 1 !) t;;;J.:~'a:td tsnl y '0:"• c-~::urr:~. J!llJ :wrta:. ~:v~.:~::c ~ 

wc~uld bes·t:. t&!o,~tt' ~~h-E~ <;!.Ki£L :.t:ng cor.~il.i Lion a~ 

Sttcb XJ r;n:n1pl.:Lhg dfJ"';rice \i<OLld -p!"<tJVidff rn.Bi-{J-· 

Uevie.t::: ~:u.s re~;:px1..;:f&t: tt;; p.::~.c~Vt:t~t1t e:ro:t1u; con= 

t:i!nlr~atJ,:::a~ o£ G1L"nl1l t:v %"f~.£:u1 t, :l.tu~~ froc-, the 

weu:; 5-bilrpone.rl t>:ti dtH.· o.ruJ .and >w-:us \f'D:htly 

dr,: ve:r~ .into t.ht'- ned,ir~lfJt\t to n. me:J:tlrt:nJtt~ 

ea.tutc. v.1~~.:t: less t..hen JO err~ -esp~c:.tmlJ v i.n 

t.ht upprn pwr·~Lcnr; of the :;;nr:y<:mlii '>-fluoH''" 

the !ir:r'itmr,n•;tl\ we:·e· shnll::Yw. 

1.:~ .Lt~ a. p.last,:,c r.o pr-evc.nt 4~'TOS~ C"t1n

Lillrtin.atixn: & .. nd •,;,hey ~t-~~.t:~ .!ttH:er-~ unti.J tLt:~ 

r&d.iontu::·l:idt] a.:"~oi:.lyses. could b-r~ .t.:nJ L.i.tttt:~ ~ 

The. ft~c:ze't_; core~ th;rn:plm ·!>row t:ht ce:ntcr n:± 

locntJons for hl:>ti-~ 
a.biot.:.e t%d1:.t/t.' :Lit !.s .Ln t.ltc l tq-' 

uiD ~-ast.e dispos~.: nre~.s; ~ 



t'i"l· l3. Sedune.nt mam l.:.ng techraque L, 
the c.r.n:;o::; ut:rcam channc ls. Not. 
charaeto:r o. st:retu;. c:hann..=l and 
vegewt.io!l t.n ttns view c•f upp<;r 
1\lort.andad Cnn,yon. 
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birds was about 20
1
: miles removed from the 
I 

contaminated canyons. The deer collections 
I 

were made during tpe summer of 1972, before 

migratory deer had ; moved into the area from 

the nearby mountai~s. Several animals, in

cluding some deer, _ skunks, coyotes, and 

porcupine, were O~\:ained as road-killed 

specimens. 

All faunal sp~cies were dissected into 

four portions, where possible, including 

the lung, liver, hide, and the e v iscerated 

and skinned carcass. A greater variety of 

samples was taken ~rom the larger animals 

and included the lungs, liver, k idneys, 

pulmonary lymph nodes, thyroids, s keletal 

muscle, and bone (thorasic vertebrae and 

femur). Tritium and 137cs analyses were 

performed on the carcass or muscle samples 

only. :i 
The gastro-in~estinal tract and brain 

was saved from most small mammal and bird 

specimens for eventual food-habits analysis 

and mercury determination. 

3. Results and Discussion. A listing 

of the types and nu,rnbers of samples which 

were collected in ~he canyon study is pre

sented in Table IV~; The radionuclide anal

yses which have be~n completed are indicated 

in parentheses. It is obvious that the 
3H 

and 137cs analyses -are nearing completion 

on all samples but ·,are rather incomplete 
, I 

for plutonium and ~ericium. The summaries 

TABLE IV 

ECOLOGICAL SAMPLE INVENTORY AND THE STATUS 
OF RADIONUCLIDE ANALYSIS. 8 

Sam111e T:z:Ee 3H l!J7 
I, CS 238Pu· 239PU 

Sediment 230(156) 230 (0) 230(0) 

Veqetation 196 (196) 19~(194) 196(12) 196 (12) 

Rodents 117(98) ll? (98) 468(18) 468(18) 

Mule Deer 8 (8) 12 (12) 80 (11) 80(11) 

Coyote 5(1) 5(1) 50 (3) 50(3) 

Raven 6(6) 6 (6) 36 (ll) 36 (ll) 

Stellers Jay 6 (6) 6(6) 36 (0) 36(0) 
.I 

Skunk l(l) 'l (l) 10(3) 10(3) 
I 
I 

241Am 

230 (0) 

196(0) 
468(17) 

80 (6) 

50(0) 

36(0) 
36 (0) 
10(0) 

8The values outside the ~rentheses indicate the number 
of samples collected while the values in parentheses 
indicate the number of completed radionuclide analyses. 

for specific rad ionuclides in the various 

types of samples are presented in Tables V 

through XII. The collection locations re

ferred to in the tables are identified on 

Figure 12. 

The 3H and 137cs data are emphasized 

in this report because the eco-distribution 

of these nuclides in the canyons will un

doubtedly provide information which will be 

valuable in interpreting the plutonium and 

americium data. 

The plutonium and americium content of 

some vegetation, rodents, and other fauna 

from the three canyons is summarized in 

Table v. 
The 238 Pu and 239Pu concentrations in 

vegetation ranged from minimums of about 

0.3 fCi/g (wet) in samples taken in the 

lower reaches of the canyons to a maximum 

of 4800 fCi 238 Pu/g and 350 fCi 239Pu/ g in 

vegetation (Poa) near the effluent outfall 

in Mortandad Canyon. The maximum 238 Pu 

and 
239

Pu concentrations measured in rodent 

tissues thus far were 7794 fCi/g (lung) and 

6115 fCi/g (hide) but, in general, concen

trations of plutonium in rodents were below 

1000 fCi/g (i.e. 1 pCi/g). The plutonium 

and americium content of some tissues from 

mule deer, ravens, a skunk, and a coyote 

was, in most cases, below the sensitivity 

of the analytical techniques. 

The data are too incomplete for rigor

ous interpretation at this time. There 

does appear to be, however, elevated pluto

nium and americium levels in biota near the 

effluent outfalls. In addition, the 
23BP /239P . . h b . u u rat~o ~n t e ~eta apparently 

reflects the 238Pu;239Pu ratio in the ef

fluent streams from the waste treatment 

facilities. Recall that this was also the 

case for the honey bees. 

The tritium concentrations in vegeta

tion, rodents, and other animals from the 

canyon areas along with corresponding back

ground samples are shown in Tables VI, VII, 

and VIII. 
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TABLE V 

THE Pu AND Am CONTENT OF SOME FAUNA AND FLORA FROM 
LIQUID WASTE DISPOSAL AREAS AT LOS ALAMOS 

Sample 
Descriotion 

Juniperus monosperma 

~~· 
Poa ~· 
Salix bebbiana 
PSUedotsu~a taxifolia 
Sal~x beb ~ana 
Poa spp. 
QUercus gambelii 
Quercus gambelii 
PE¥50carpus monogynus 
Pinus fiex~1~s 
Poa spp. 
Prunus virginiana 
Psuedotsuga tax~fo1ia 
Acer negundo 
QUercus garnbelii 
Quercus gaiilbehi 
Acer negundo 
Boiiteloua gr.acilis 
Gut~errezia sarothrae 
R~bes cereum 
'RlUiS"tr~Iobata 
R~bes cereum 
miUS'trilobata 
QUercus gambelii 
P~nus edull.S 
Poa ipp. PQPU us angustifolia 
Juniperus ~· 
Fallug~a paradoxa 
Rhus trl.lobata 
RiUiS tr~lobata 
verb"a SC\iii\ t"naPsus 
~ ponderosa 

~~·. 
Poa fendler~ana 
~bascum thapsus 
Poa ~· 
Failugl.a paradoxa 
Rl.bes cerum 
cnrysotnamnus parryhowardi 
Poa ~· 

Petrf - Liver 
Lungs 
Hide 

Rernef - Lungs 
Hide 

Perna£ - Carcass 
Liver 
Lungs 
Hide 

Perna · - Whole Carcass 
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Collection 
Location 

VEGETATION 

MB-1b 
MB-1 
MB-2 
MB-2 
M-1 
M-1 
M-2 
M-2 
M-3 
M-3 
M-4 
M-4 
M-5 
M-6 
M-8 
M-8 
M-9 
M-9 
M-10 
M-10 
M-10 
M-11 
M-11 
DP-8 
OP-8 
DP-9 
DP-9 
DP-9 
DP-9 
DP-9 
DP-9 
AP-8 
AP-8 
AP-8 
AP-8 
AP-8 
AP-9 
AP/DP-10 
AP/DP-10 
AP/DP-11 
AP/DP-11 
AP/DP-11 

RODENTS 

A-Disposale 

DP-Sewagee 
M-1 

M-1 

<1.0 
5.5 (0.35)c 
8. 0 (0.8) 

<1. 6 
130 (10) 
19 (1. 7) 
4800 (400) 
30 (5.0) 
57 (2.1) 
29 (0. 90) 
50 (3 .0) 
2089 (86) 
10 (1.0) 
22 (1.5) 
2. 3 (0.3) 
1.8 (0.5) 
4.4 (0 .3) 
1.3 (0.2) 
17 d (0.3) 

ND 
2. 9 (0.4) 
1.4 (0.4) 

<29 
1.3 (0.8) 

<0.6 
0.17 
14 
1.1 
0.50 
54 
6.6 
1.5 
1.1 

ND 
o. 70 

<1.7 
0.50 
8.1 

<1.2 
<0. 70 

0.30 

<36 
<85 

ND 

(0.06) 
{1.1) 
(0.3) 
(0 .10) 
(4 .4) 
(1.0) 
(0.14) 
(0.40) 

(0.30) 

(0. 20) 
(0.90) 

(0 .10) 

46 (9.0) 
<310 
<30 

88 (4 .l) 
<17 
<63 

910 (70) 
130 

(fCi/g wet)a 

239Pu 

<1, 0 I 

1.2 (0.13) 

<1.9 
80 (8 .0) 
6. 7 (0.65) 
350 (30) 
4 . 0 (1.0) 
95 (3.2) 
7.5 (0.40) 
6. 0 (0. 7) 
210 (10) 
9.0 (1.0) 
16 (1.0) 
0.4 .(0.2) 
4. 0 (0. 7) 
2.3 (0.2) 
1.0 (0.2) 
3.0 (0 .2) 

ND 
2.7 (0.4) 
2.2 (0.5) 

<29 
5.0 (1.3) 
2. 0 (0. 5) 
1.2 (0.09) 
120 (5.0) 
5.4 (0. 7) 
2.4 (0.20) 
19 (1.8) 
4.4 (0.8) 
4.4 (0. 28) 
1.6 (0.40) 

ND 
2 . 8 (0.30) 
96 (18) 
1.6 (0.30) 
200 (7.2) 
2.4 (0.90) 
1.0 (0.50) 
8.9 (0.50) 

<36 
<85 

ND 

26 (9. 0) 
<310 
<30 

16 (1.8) 
<17 
<63 
110 (20) 
36 

241Am 

<51 

17 (6 .0) 
<520 
<40 

30 (10) 
290 (80) 
100 (20) 
230 

i 



TABLE V continued 

(fCi/9: wet)a 

Sample Collection 
238Pu 239Pu 241Arn DescriEtion Location 

"' Perna - Whole carcass M-1 13 4. 7 29 
Sihif Whole Carcass M-1 8. 3 2.2 13 
Petr Liver M-1 45 (15) 21 (10) 

_ , Lungs 1119 (169) 407 (102) 
Hide 594 57 (15) 

Petr Liver M-1 22 (6.3) 4. 2 (2.1) 
Lungs 24 (54) 60 (60) 
Hide 610 (70) 116 (25) 

Petr Liver M-1 28 (10) 4.2 (3 .1) 
Lungs 148 (111) 74 (74) 
Hide 1307 (126) 189 (28) 

Perna Liver M-9 19 (13) 7.4 (8. 9) 
Lung 5467 (1367) 501 (364) 

Petr Liver M-9 15 (6.1) 3.5 (4 .3) 
Lungs 67 (135) 27 (4 7) 
Hide 24 (4 .5) 3.1 (1.4) 

Petr Liver M-9 0.30(3.9) ND 
Lungs 19 (23) ND 
Hide 18 (4. 3) 4.7 (1. B) 
Carcass 3.4 (0. 95) 1.8 (0.57) 

Perna Liver M-9 7.9 (4. 5) 3.4 (2. 3) 
Lungs 410 (117) 111 (65) 
Hide 26 (22) 4.3 (8. 7) 

Petr Liver M-11 87 (104) 121 (52) 
Lungs 942 4172(673) 
Hide 6.8 (5.2) 10 (.6 .2) 

Perna Liver M-11 11 (19) 13 (9.7) 
Lungs 7794(1798) ND 
Hide 13 (31) 8.7 (13) 

Petr Liver M-ll 20 (ll) 2.5 (3 .8) 
Lungs 487 (133) 58 (58) 
Hide 

., . 
38 (22) ND ' ! 

Petr Liver ' M-11 NO 4.1 (7 .1) 
Lungs 15 (19) NO 
Hide 180 (lOB) 6115(1439) 
Carcass 0.30(0,77) 0.77(0.48) 

Petr Liver M-11 1.4 (2.7) 0.69(2.1) 
Lungs 23 (29) 6.4 (16) 
Hide 7.7 (7. 7) 12 (7 .2) 
Carcass 1.5 (0. 65) NO 

Perna Whole Carccl.ss OP-1 310 1650 460 
! 

MULE DEER ----
D-1 Hide Parajito Canyone 0.30(0.10) <0.3 

Muscle 0.10(0.50) <0. 04 
Kidney 0.40(0.10) <0. 02 
Thyroid :, 17 (7. 0) <13 
Lymph node :· <11 <11 
Thorasic V~rtebrae < 0. 6 <0.3 

D-2 Thyroid Mortandad Canyon <4.3 <7.2 
Thora sic Vertebrae 0.28 (0.09) 0.38 (0 :10) 

D-3 Kidney DP Canyon 8.6 (0 .80) 0.80 (0. 20) 
Thyroid <14 <10 
Liver 0.60(0.11) 0.12 ( 0. 05) 
Lungs 0.07(0.01) 0.14 (0.02) 

D-6 Kidney R-Sitee 0.16 0.28 (0.09) 
Thyroid 6.6 (3. 6) 0.30 (1. 6) 
Muscle 0.06(0.01) 0.09 (0.02) 

., 0-7 Kidney R-Sitee 0.27 (0.10) <0,15 
Thyroid 8.3 (2 .4) 2.4 (1.1) 
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TABLE V continued 

(fCi/g wet)a 

Sa.rnple Collection 
238Pu 239Pu 241Am Descri;etion Location 

RAVENS 

RA-1 Muscle Mortandad Canyon <0.3 <0.3 
Feathers <5.9 <0.48 
Liver <1. 9 <1. 9 
Thorasic Vertebrae 5.1 (1.2) 4.5 (1.1) 
Femur <2.7 4.9 (1. 5) 

RA-2 Muscle Mortandad Canyon <0 .3 <0.3 
Feathers <7.0 31 (4. 0) 
Liver <4.2 <5.5 
Lungs <6.8 <6.8 
Femur <4.1 <4.1 
Thora sic Vertebrae <11 <8.4 

SKUNK 

SK-1 Muscle Mortandad Canyon <0. 2 <0.2 
Kidney <4.0 <3.0 
Thyroid <280 <180 

COYOTE 

C-1 Muscle Parajito Reade <0. 04 <6.04 
Kidney <1.5 327 (29) 
Thyroid <26 <26 

a fCi = ferntocuries = l0-15 curies. 

b See Figure 12 for sampling station positions in the respective canyons. The letters 
M, DP and AP correspond to Mortandad, DP-Los Alamos, · and Acid-Pueblo Canyons, respec
tively. 

c ( ) = 1 standard deviation. 

d Not Detectable 

e Locations are all outside of liquid waste disposal areas. 

f Petr 
Perna 
Reme 
Sihi 

24 

Peromyscus truei 
P. man~cuiarus-
Reithrodontom~s megalotis 
sigrnodon his;e~dus 

7 
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TABLE VI 

TRITIUM IN RODENTS FROM LIQUID WASTE DISPOSAL AREAS 
AT LOS ALAMOS 

Distance 

.; from (pCi/ml unbound water) 
Channel 

Station4 
~ Petrb Perna Reme 

.. Mortandad can ron 

·'· ii 
MB-1 ' MB-2 10 

1o.imc 
5.0(0 . 69) 

20 4.7 
M-1 0 23 (1.1) 19 (0 .47) 

39 (1.3) 
10 29 (1. 5) 19 ( 0 . 46) 
20 15 (1. 3 ) 19 (0 .81) 

M-9 0 26 (1.3) 
10 20 (D. 79) 

24 (1.3) 49 (2. 7) 

·: 35 <L .2> 
. , 16 (1.1 ) 

20 16 (0. 79) 
M- 11 0 12 (1. 3) 

19 (0. 92) 20 (2 .4) 13 (1.9) 
15 (1. 3) 
l3 (1. 2) 

10 16 (1.4) 1.0(0.62) 3.6 (1.3) 

20 10 (4. 9) 5.1 (0.62) 4. 5 (1.3) 
4.6 (1.3) 

DP CANYON 

DPB-1 ' DPB-2 10 1.7 (1.2) 

20 19 (1. 7) 
1 9 (2 .4) 
69 (ll) 
15 (1.3) 
13 (0. 75) 

DP-1 0 20 (0 . 92) 802 (2.1) l6 (1.4) 

32 (1. 2) 25 (2. 4) 
2 5 (1.1) 
21 (l.O) 

10 20 (2.4) 92 (1.9) 
19 (0 . 99) 19 (1.4) 

12 (1. 3) 27 (2. 4) 

20 13 (0. 93) 35 (1 . 2) 27 (1.5) 
27 (1.5) 
43 (2.6) 

DP-9 5.9 (1.3) 
7.7 (2.3) 

20 ~. 7 (0 .66) 
11 (2 . 0) 

3.6 (0.67) 

ACID CANYON 

.APB-1 ' APB-2 20 5 . 3 (0 . 41) 
3 .1 (0 . 46 ) 
4 . 6 (1.3) 
1 . 9 (0.67) 

I 
AP-1 10 1.4 (0. 74) 

;I 2.2 (0.66) 
20 0.90(0.66) 

AP-9 0 0.96 (1.3) 
4. 7 
NOd 

(2 .3) 

7. 0 (2 .3) 
10 1.6 (0.66) 

1.7 (2 .3) 
3.2 (0.86) 
2.9 (1.3) 

20 1.2 (0.44) 1.9 (0.66) 
NO 
0.75 (0.66) 
4.1 (2.3) 
0.42 (2.3) 

AP/DP-11 0 5 . 3 (0 •. 62) 
4.5 (0.68) 
3.2 (0 . 46) 
4.1 (0 .62) 
0 , 47(1.3) . 
1.9 (0.96) 

20 3. 4 (0.67) 2.2 (0.60) 1.0 (0.85) 
2. 7 (0.96) 6.9 (2. 3) 
2.2 (1.3) 

8 station numbers are identified in Figure 12. The letters 
M, DP, And AP correspond to Mortandad, DP-Los Alamos and 
Acid-Pueblo Canyons respectively. 

.,. bPetr • Peromyscus . truei 
P~ D P. man1cula~ 
Reme a Reithr odontomys meqalotis 

cl ) • 1 standard deviation 

dND • Not detectable 
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TABLE VII 

TRITIUII IN VEGE:rAllOII FRON THE LIQUID WASTE DISPOSAL AREAS AT LOS ALAMOS 

(pCI/m1 unbound water) 
Station Number 

a 

s2eciea _!=L_ B-2 1 2 3 4 5 6 7 8 9 10 11 

Artemisia ~ 
tr'ideiitata S.0(0.80)b 

Acer 
ti'ij'undo 60 (1.6) 32 (1.3) 16 (I. 0) 
Hoss 13 (0 . 50) 10 (0 . 40) 8.0 (1.1) 15 (0 . 40) 19 (1.1) 22 (1.1) 40 (0 . 73) 33 (6.6) 5 . 0 (0.77) 6. 0(0. 81) 

Lichens 7.9 (0.84) 9.4 (11) 30 (0. 70) 22 (11) 38 (5 . 6) 25 (3.0) 
Ribu .!1!..:. 5.5 (0.79) 4 . 0(0 . 75) 

Juniperus 
.!1!2:. 7.0 (0.82) 7 .0(0.82) 11 (0. 92) 8 . 0 (1.9) 7.0(0.82) 

Quercue 
gambelii 10 (0.88) 31 (0.61) 28 (0.57) 28 (1 . 2) 22 (1.1) 27 (1. 2) 48 (1.5) 36 (1. 3) 13 (0. 95) .. 

Prunus 
vir1iniana 26 (1.2) 17 (1.0) 

Trpha 
latifolia 
p~ 

9.0 (0.33) 7.0 (0.32) 

ponderosa 5.0 (0.78) 8 . 0 (0.32) 16 (0.41) 13 (0 . 94) 15 (0.98) 

VerbastUII 
thapsus 18 (1.0) 

Berberis 
fendleti 22 (0. 49) 11 (0 . 90) 14 (0.98) 25 (I. 2) 

Salix .!1!2:. 7.0 (0.82) 9.0 (0.87) 32 (0.63) 16 (1.0) 
Pinus 
flexilia 16 (1.0) 

Phisocar2ua 
aonogynua 21 (0.48) 10 (0.90) 18 (2 . 1) 47 (1.5) 

Psuedotsusa 
tax.ifolia 18 (0.44) 13 (0.37) 13 (0.94) 16 (1.0) 46 (1.5) 15 (0 . 99) 

Poa .!1!2:. 8 . 0 (0.85) 7 .o (0.83) .28 (0.57) 14 ((1.7) 15 (0.99) 15 (1.2) 22 (0.49) 24 (1.2) 43 (1.4) 24 (1.1) 11 (0. 90) 11 (1.2) 6 •. 0(0.80) 

Rhus 
tri'tobata 5.0(0.78) 5.0(0. 78) 

Chr:t:sothamnua 
l!ar!lihavardi 7 .0(0.82) 7.0(0.83) 

Ala•• 1. 7 (0.30) 2.3 (0.30) 1.8(0.30) 

DP - LOS ALAMOS 

MOll 5.6 (0.40) 7.2 (0.40) 20 (1.4) 11 (0.40) 6.2 (0.40 5.0 (0 . 77 5.0 (0.77) 

Pinus 
edUlis 5.0 (0. 78) 

Quercus 
gambd11 10 (0.90) 10 (0.34) 41 (1 . 4) 103(2.1) 176(2.6) 37 (0.69 6.0 (1.0) 

Juniperus 

.!1!2:. 8.0 (0.84) 9. 0 (0 .87) 51 (I. 5) 38(1.4) 42 (1.4) 8 . 0 (0.85) 32 (0.62 7.0 (0.83) 

Kochia 

I 
scoparia 25 (1.2) 18 (1.0) 15 (0.50) 10(0.89) 

! 
Poa .!1!2:. 8.5 (0. 33) 8.0 (0.32) 14 (0. 79) 44 (0.79) 26 (0.54 7.0 (0.81 

Populus 
angustifolia 46 (1.5) 5.0 (0 . 78) 

- .. '\'. 
' .. 
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Rhus 
tr'Ilobata 
Fallugia 

paradoxa 
~!E2.:.. 
Verbascum 

thapsus 
Salix !fE:_ 
Pinus 

_ . ...:-:. ponderosa 
Huhlenbersia 

pulcherrima 
Berberis 
ten'dleri 
LTCh'enB 

Rhus 
t"iTlobata 
Verbascum 

thapsis 
Pinus 

ponderosa 
Pauedotsuga 
taxifolia P-o.---
pratensia 
~~ 
Berberis 

fend1er1 
Rosa ..!.2.2.:.. 
Pinus 
edulis 

Melilotua 

.!£2.!. 
Fallugia 

17 (1.0) 129 (1.2) 

_ -'--'-8.o (0.32>1· _ -· _L_ ,-__ _ I 1_22 !!_.1) . I18 _(Lo> 

29 (1. 2) 21 (0. 70) 

3.0 (0.72) 

4.0 (0. 30) 

20 (10) 

ACID - PUEBLO 

3.0 (0.73)16.0 
3.0 (0.73) \ 

(0.41)17.0 (0.82)1 5.0 (0,77)14.5 (0.76)13.0 (0.73) 

\ 
5.0 (0 . 77) 5.0 (0 . 76) 

4.0 (0. 76) 

12 (0. 93) 
45 (0 . 80)· 

30 (0.60) 

6 . 0 (0.80) 

8.0 (0.84) 
5 . 0 (0.78) 

4.0 (0.76~ _8 . _0 _ (0.84) 

NDc 

s.o (0.7714.0 (0.75 

3.0 (0 . 72)17 .0 (0.82 

s.o (0. 78): 

4.0 (0 . 75) 

... ,., . 

3.0 (0 . 74)13.0 (0 . 96)12.0 (0 .70)1 5.0 (0 . 78>13 . 0 (0. 73) 

3 . 0 (0 . 82) 

5. 0 (0 . 78) 

3.5 (0.74)15 . 0 (0.77) paradoxa 
Quercus 

gambelii 
Physocarpua 

monogynua 
Artemisia 
~ta 
Prunua 
--;rrgi'niana 
Moss 
Juniperus 

~ 

2.5 (0.30)13.1 (0.30) 

4.0 (0. 75) 

4.0 (0.75)18.0 (0.85)13.0 (0.73)14.0 (0.75)14.0 (0 . 75) 

4 .o (0. 74) 

5.1 (0.40)1 12.6 (0.30) 

!!!!!!. .!!!.· 
Chrysothamnua 
parryihovardi 

Lichen• 

a Station numbers are depicted in Figure 12, 

b ( ) • ·1 standard d .. iatioo 

<: MD • not detectable 

8.4 (0 , 40) 

4.0 (0.30) 

6.7 (0.40) 

4 . 0 (0. 75 

11 (0 . 40) 13.7 (0.40)12.3 (1.7) 

3 . 0 (o.nJ 4 . 0 (0.74)12 . 0 (1.4) 15.0 (0.77) 
2.0 (0.71) 

4 . 0 (0.75)(2 . 0 (0 . 70) 



TABLE VIII 

TRITIUM CONCENTRATION IN VARIOUS ANIMALS COLLECTED 
IN "BACKGROUND" AND LIQUID WASTE DISPOSAL AREAS 

Species Ident . Collection Location pe i 3H/ml 

Mule deer l 
2 
3 
4 
5 
6 
7 
8 

Coyote 1 
Raven 1 

2 
3 
4 
5 
6 

Ste llars Jay 1 
2 
3 
4 
5 
6 

Skunk 1 

Para jito Canyona 
Mortandad Canyon 

~:s~~~Kon 
Acid Canyon 
R-Sitca 
R-Sitea 
Paraj ito Road a 
Par.:tjito Roada 
Mortandad Canyon 
Mortandad Canyon 
DP Canyon 

~;:~HE~~= 
Mortandad Canyon 
Mortandad Canyon 
DP Canyon 

~~=~=~=~=0~=~~~~= Mortandad Canyon 

4.8 (0 . 43)b 
10 . (0.49) 
21. (0.55) 

3 .4 (0.35) 
4.4 (0.36) 
3.8 (0.75) 
2.8 (0.72) 

11. (0.43) 
11 (0.50) 

3.7 (0.46) 
6 . 1 (0 . 41) 
2.7 (0.34) 
3.8 (0.35) 
0.68 (0.33) 
0.35(0.33) 
6.8 (0.38) 
6.6 (0.38) 
6.6 (0.38) 
2. 3 (0.34) 
1.5 (0.34) 
1.7 (0 . 34) 
9.9 (0.49) 

a collected outside liquid waste disposal areas 

b ( ) (' l standard deviation 

Inspection of the data in the tables 

indicates that the tritium which is pres

ent in luquid waste effluents is being dis

persed into the biotic components of Mort

andad and DP Canyons, a finding which is 

not surprising in light of present know

ledge on this nuclide. 36 • 40 On the other

hand, the tritium concentrations in Acid 

Canyon samples were uniformly low both a

bove and below the site of the effluent 

outfall wh~ch may indicate that tritium 

was not released into this canyon in very 

large amounts or that any tritium which was 

released into the canyon was flushed out 

over the intervening 9 years since the TA-

45 waste treatment facility was dismantled. 

The up-stream or pre-outfall vegeta

tion in Mortanded and DP Canyons contained 

about 5-10 pCi 3H/ml but below the outfall 

contained as much as 48 pCi 3H/ml and 176 

pCi 3H/ml, respectively. A similar pattern 

was evident for rodents where tritium lev

els increased from 5 and 15 pCi/ml to a 

maximum of 49 and 802 pCi/ml in Mortandad 

and DP Canyon samples, respectively. Mule 

deer, ravens, and Stellars jays which were 

28 

collected from the canyon areas contained 

from 2 to 5 times higher tritium concentra

tions than pre-outfall samples. Recall 

that background bird samples were obtained 

about 20 miles north of the Los Alamos area. 

The tritium content of the effluent 

water as a function of distance above and 

below the outfall areas in each canyon was 

not measured in this study because similar 

measurements are part of the Laboratory's 

environmental surveillance program. 1 The 

point to be made is that the maximum con

centrations of tritium which were observed 

in the present study in biota corresponds 

in location (i.e. distance below effluent 

outfall) to the maximum tritium levels 

which were observed in surface and ground 

water in the respective canyons. In no 

case was the _tritium level in the biota 

higher than the effluent water. 

Cesium-137 

The summary of 137cs concentrations 

in sediments, vegetation, rodents, and oth

er animal species appear in Tables IX, X, 

XI, and XII. 

It was re~dily . apparent from the data 

that the alluvial sediment in each canyon 

was the major reservoir for this nuclide. 

The data also indicated that virtually all 

of the 137cs inventory in sediment, vegeta

tion, and rodents from Mortandad and DP 

Canyons was deposited within 2560 m' of the 

respective outfalls. 
137 ' 

The maximum Cs levels in sediments 

(3361 pCi/g dry), vegetation (40 pCi/g wet), 

and rodents (7 pCi/g wet) in Mortandad Can

yon was observed near the point where the 

effluent water disappears into the alluvi

um. In Mortandad Canyon this point occurs 

about 500 m below the outfall. -Maximum 
137cs levels in DP Canyon sediments (820 

pCi/g dry) , vegetation (159 pCi/g wet) and 

rodents (209 pCi/g wet) were also measured 

near the point where surface water disap

pears underground (i.e. near the outfall). 

The 137cs content of Acid Canyon sam
ples as a function of distance below the 

effluent outfall did not change dramatically. 

-, · 
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TABLE IX 

137 CS IN ALLUVIAL '·soiLS FROM LIQUID WASTE 
DISPOSAL AREAS AT LOS ALAMOS 

(pCi/g dry weight.> 

Station 
~ 0-2.5 em" 2.5-7.5. em 7.5-12.5 em Remainder 

MORTANDAD 

B-1b 1.7 (0.25)c 1.4 (0.38) 0.17 (0.24) 
B-2 Nod 1.6 (0.22) 14 (1.8) 0.26 (0.09) 

1 3105 (22) 
2 1086 (6.7) 184 ( 6. 5) 22 (0.87) 
3 719 (11) 1353(1~) 1068 (3.4) 
4 922 (6.8) 1376 (8,. 7) 768 (7 .4) 22 (0. 59) 
5 c,~~~1 (2.0) 1232 (13) G:~1 12 .a> 
6 (20) 643 (8. 8) 1235 (8. 6) (9 . 6) 
7 298 (10) 367 (2. 3) 413 (5. 5) 469 (7. B) 
8 129 (2.4) 180 (6 . 4) 109 (2. 6) 68 (0. 28) 
9 67 (2. 3) 154 (2 . 5) 88 (2. 2) 18 (0.46) 

10 1.3(0.36) ND ND 0.14 (0.06) 
11 NO ND ND ND 

DP-LoS ALAMOS 

B-1 ND 0.02 (0.13) 0 . 16 (0.22) ND 
B-2 NO NO ND 

1 820 (8. 0) 567 (4. 7) 100 (2. 3) 52 (1.3) 
2 442 (8. 0) 560 (3 .8) 214 (4. 6) 254 (2.7) 
3 28 (0.81) 2.3 (0.12) 3.2(0.13) 2.9(0.09) 
4 747 (6.6) 158 (3rl) 23 (0.15) 5.2(0.18) 
5 15 (0. 65) 21 (0,84) 19 (0.77) 45 (0. 78) 
6 11 (0.47) 13 co: .22> 10 (0.23) 20 (0.61) 
7 42 (0.41) 91 (2. ·3) 59 (0.20) 42 (0.83) 
8 12 (0.36) 14 (0.48) 18 (0.23) 15 (0 .17) 

9 1.1(0.35) 1.7(0.20) 3.2(0.29) 2.8(0.17) 

ACID-PUEBLO 

B-1 ND ND I• 0. 59 (0. 04) o . 76 (0.12) 
B-2 ND ND I 

1 ND o.os (li'.03) 
2 3.9 (0.30) 

co'.l4 > 3 0.38 (0.16) 1.4 ND 11 (1.5) 
4 ND 5.4 (0.25) 29 (0.83) 20 (0.27) 

5 0.31 (0.27) 0.51 (0.12) 1.7(0.15) 1.2 (0. 07) 
6 ND 1.0 (0.26) 1.8 (0.12) 0.92(0.16) 
7 0.29 (0.41) 0.85 (~.12) ND 0.72(0.22) 
8 NO NO 
9 ND ND I ND ND 

10 ND ND ND 0 .24 (0.04) 
11 3.9 (0. 35) ND 0.03(0.20) 0.26(0.05) 

a Soil cores were cut into 4 sections. The remainder 
section was comprised of soil from the 12.5 em depth 
to a maximum of 30 em '1 

b Sample numbers are depicted in Figure 12 

c ( ) • 1 standard deviation 

d ND • not detectable 

' i 
' I 

There were residual pockets of 137cs con

tamination in Acid Canyon sediments as evi

denced by the 137cs content of the core 

sections at station numbers three and four. 

However, it appears that the 137cs which 

was released into Acid Canyon has either 

been flushed out of the canyon or it has 

been diluted considerably with uncontami

nated sediments. 

There is some evidence which suggests 

that 137cs is moving down the channel dur

ing periods of high runoff. For example, 

elevated 137cs concentrations in Mortandad 

sediments were measured about 1 mile below 

the point where a permanent flow of surface 

water exists. In addition, elevated 137cs 

levels in DP Canyon sediment were measured 

nearly 2 miles below the point where the 

effluent disappears into the alluvium. The 

runoff from heavy summer rains carries a 

tremendous particulate load and could carry 

the radionuclide contaminated sediments 

downstream. 

A combination of factors including the 

mixing action of runoff waters and the sand

y nature of the sediments may account for 

the fact that the vertical distribution of 
137cs extended well below the five inch 

depth. The remainder section (i.e. 12.5-

30 em) of the core samples contained as 

much as 30% (Mortandad), 45% (DP), and 

85% (AP) of the total 137cs activity. 

The 137cs content of mule deer from 

Mortandad and DP Canyons was also el·eva ted 

above "background" samples. Deer numbers 

2 and 3 from Mortandad and DP Canyons had 
137cs concentrations in muscle of 1.1 pCi/g 

(wet) and 1.8 pCi/g while deer from back

ground locations measured only 0.02 (No. 1), 

0.71 (No. 4), 0.05 (No. 6), 0.02 (No. 7), 

and 0.05 (No. 8) pCi/g. The 137cs content 

of the AP Canyon deer was also low (0.03 

pCi 
137

cs/g). The mobile nature of the 

mule deer is certainly recognized and this 

fact must be considered in relation to 

background and contaminated canyon samples. 

However, deer numbers 2, 3, 5, 6, and 7 were 

shot in areas where they were repeatedly 

29 
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TABLE X 

137 Ce IN VEGETATION FROM THE LIQUID WASTE DISPOSAL IJ\EAS AT LOS ALAMOS 

(pCi/s vet vetsht} 

Station Number8 

SJ!:eciea B-1 B-2 1 · 2 3 4 5 6 7 8 9 10 11 

I ' 
~ 

Artemisia 
tridentata 0 . 12(0.04} 

Berberis 
1.1 (O.ll}b fendler1 0.17 (0 .04} 0. 79(0 . 11} 0.91(0 . 06} 

A~ 0.38(0 . 04 0.20(0.01} 0.20(0 . 04} 
nesundo 

Chrzaothalllllua 
2•rrzlhovard1 0 . 04(0 . 01 0. 10(0 . 05} 

Kosse 12 (0. 76} 14 (0.62} 42 (0 . 49} 110 (2 .4} 9 . 1 (1. 7} 166 (5 . 2} 93 (3. 7} 339 (2 . 6} 6.1 (0. 72 1.2 (0.37} 
Lichens c 8.0 (0.48} 34 (3.5} 58 (1.9} 115 (3 , 0} 166 (9.1) 23 (0.81) 
Juniperus 
.!2E.· 0. 03(0.02 0.11(0 . 01) 0 . 002 (0 . 02} 

Quercus 
# aa11belii 1.1(0.004) s. 7 (0 , 09) 1.9 (0.06) 3. 7 (0.07} 0.24(0.05) 0 . 46(0.06 0 . 25(0.04} 0 . 06(0 . 04) 

Prunus 
v trsiniana 0.54(0.07} 

lli!!. !P.!. 0 . 16(0. 03 0.15(0.03)_ 

!£!. .!U:.. 0.06(0.04) 0. 70(0.15} 28 (0.18} 54 (0 . 38) 16 (0 .17} 5 . 8 (0.1 2) 40 (0. 40) 33 (0.25) 3.6 (0.11 
Typha 
latifolia 0 . 10(0. 03) 0.03(0.01) 
p~ 

pondero&a 0.07(0.02} 0.06(0 . 01) 0 . 47 (0 . 02) 0.33 (0.03) m:P 
Verba s c um I 

thapsus 9."3(0 .12 ) 
Sal ix~ 0 . 09(0.11} 0.05(0.01) 9.6 (0.06} 32 (0.17) 
Pinus 
flexilis 0.08(0 . 05} 

Phisoc:are:ua 
monogrnus 4 . 3 (0 . 10) 0.15(0. 03) 1.0(0.05) l3 (0 . 11) 

Psuedotauza 
tax !folia 1.1 (0.02) 0.38(0 . 03) 0 . 10(0.02) 0.44(0.04 ) 0.21(0.02 
R~ 
trilobata 0.09(0.03 0 .19(0. 03) 

BO\iteiOU8 
~ 

gracilis 0.52(0.09 
Cutierrezia 

aarothrae I 0 . 22(0.05 

~ 2043(122) 1548 (54) 1077 (53) 

DP - LOS ALAMOS 

Pinu1 
edulia 0 . 11(0.02 

Berberis 
~1 0.49(0 . 11 

~ 
scoparia 160(0.40) 86 (0.33) 1.6(0.11) 9 . 0 (0 . 10) 

Mossc 3.6(0.55) 1.0(0. 18) 50 (1.1) 25 (0 . 69 12 (0. 79 26 (0.99) 

Popu1ua 
ansustifolia 0.48(0.03) 0 . 12(0 . 02 

Jur.iperus 
0.07 (0 . 02 

!.P.P.:. 0.08(0.02 0.07(0 . 02 0 . 66(0.03) 0.13(0.02) 0 . 34(0.03) 0.19(0.02) 0 . 08(0.04) 0 . 14(0.03 0 . 33(0.03) 

Quercus 
gambelii 0.21(0.02 0.13(0.05 1.3(0.45) 0.99(0.23) 0,11(0 , 02 0.19(0.03 

' 

, J . . . . . . I \. .. , ' 
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Fallugia 
paradoxa 
!£!.~ 
Huhlenbergia 

pulc:herrima 
Pinus 

ponderosa 
Verbascum 

thapsus 

~.!Pl.!. 
Lichenac 
Rhus 

trilobata 

Artemisa 
tr"''de'nta ta 
Berberis 

ND 0.06(0.17 

0.09(0.01): 

I , 

0.13(0.04)1 
0.53(0 . 09)/1.1 (0.06)12.2(0 . 07) 

0.19(0.09)1 0.10(0.06) 

o.o5(0.01)/ I I 0.24(0 . 03)/ 0.22(0.01 

0.13(0.01) 
0.67(0.01 

1700()2) 

0. 36(0.04 )r0.10(0. OJ) 

ACID - PUEBLO 

0,05(0 . 05 

~1 Prunus-
0.10(0.04)1 0.24(0.21) 0.19(0,05) 

V"iriiniana 
Chrysathamnus 

parryihovardl 
Mossc 
Rosa .!.E.£!. 
Juniperus 

.!1!.2.:. 
Quercus 
s•.,belii 

Fallugia 
paradoxa 

Ri bes .!Pl.!. 
!.!!.!. .!Pl.!. 
Pinus 
~is 
p~ 

ponderosa 
Verbascum 

thapsus 
Salix !.2.2.!. 
~ 
.!Pl.!. 

Physoc:arpua 
monogynus 

Psucdotsuga 
tnx1fo11n 
It~ 
trllobata 
Lie. he nail! 

12 (0.25) 

ND 0.04(0.04) 

ND 0.07(0.04) 

0.06(0.01) 

0.25(0.07>J 

8 Station numbers are depleted in Figure 12 

b ( ) • 1 standard deviation 

c pCi/g dry 'weight 
11ND • Dot detectable 

0.23(0.05) 

2. 7 (0 . 55) 6 , 4 (0 .83) 

o. 36(o. o6) I o. 29(0. 02) ND 

0.12 (0.19) I 0.10(0. OS) I 0.10(0. 04) I 0.06(0 . 03) 

0.45 (0.07) 

8.3(0, 5) ND 

2 . 1(0.67) 1 3 . 5(0 . 24> 
0 . 20(0.06) 

0 . 08(0.02)1 0 . 10(0.02) 

ND I 0.07(0.02~ 0.12(0.03)1 0.18(0.04) 

0.32(0.05)1 0.06(0.02) 

0 . 07(0.03)1 0.17(0.03) 
0 . 07(0.02) 

0.06(0.06)1 0 . 11(0.02)1 0.03(0.031 0.31(0.10) 0.24(0.12) 

0.4 7 (0.05) 

0.12(0 .02)1 0 . 06(0.01)1 

0.06(0.02)1 0.05(0 . 01 

0.24(0 .01) 

0.19(0.03) 

0.12(0.01) 

0.16(0.03) 



observed during the summer of 1972. The 
137cs data for birds were variable (Table 

VII) and did not conclusively show that 

birds from the radionuclide contaminated 

canyon areas contained higher concentra

tions of this nuclide. 

The pH measurements of core samples 

collected in Mortandad, DP, and AP Canyons 

are summarized in Figures 15 and 16. Since 
no significant differences in soil pH were 
found with either depth (2.5 em core in

crements to bedrock) or horizontal location 

at each sampling position, the average soil 

pH values of all samples taken at the same 
station are presented in the figures. The 

samples taken 200 and 100 m above the out

fall were plotted at distances of 1 and 

20 m in these figures. 

The figures show a dramatic change in 

soil pH as a function of distance above 

and below the outfall areas in the two can

yons currently receiving radioactive wastes: 

Mortandad and DP Canyons. The soil pH 

Outfall 
9.2 ~ 

8.8 

Mortondod Canyon 

Distance (m) 

Fig. 15. Relationship of soil pH to dis
tance from the radioactive waste 
outfall in Mortandad Canyon (1 
meter distance represents loca
tion of samples taken 200 m be
fore outfall). 

32 

values in Mortandad and DP Canyons increase 

from about 6.6 and 7.6 at the pre-outfall 

stations to post-outfall maximum values of 

9.0 and 9.2, respectively. 

One explanation for these large pH 
changes is that various components of the 

alluvial soils have reacted with th,e rela
tively high levels of effluent sodium added 

during neutralization or flocculation of 

wastes in the treatment plants. Soil alka

linization has occurred to a large extent 

in some canyon stations and has resulted in 

soils with an undue accumulation of exchange

able sodium and sodium carbonate and with 

a pH greater than about 8.3. The high pH 

of these soils is due to the hydrolysis of 

sodium carbonate and sodium-soil complexes: 

Na-soil + H 2 0:=====~H-soil + NaOH 

Fig. 16. Relationship of soil pH from the 
radioactive waste outfall in DP 
and Acid-Pueblo Canyons (1 meter 
distance represents location of 
samples taken 200 m before out~ . 
fall). 



TABLE XI 

THE 137cs CONTENT OF RODENTS FROM LIQUID WASTE DISPOSAL AREAS AT LOS ALAMOS 

Distance 
From (pCi/ g wet carcass) 

Channel 

~ (Meters) Petr.a Perna Reme 

MORTANDAD CANYON 

MB-1 & MB-2b 10 0.60 (0.43) 
20 o . 71 (o ; '44lc 

M-1 0 1.2 to ;:4 9) <0.21 
! 2.3 (0.55) 

<0.21 
10 <0.21 
20 0 . 05 (0.09) <o .21 

M-9 0 2 .2 (0.68 ) , 
10 0.16 (0.17) <0,21 

<0.21 
0.87 (0 ,'77) 
0.08 (0•41) 

20 0.47 (0.48) 
M-11 0 0.22 to::43l 7.0 (0.18) 1. 7 (0.81) 

0.85 (0 ::48) 
<o . 21 
<0.21 

10 <0.21 <0 .21 0.69(0.74) 
20 <0.21 0.82 (0.46) <0.21 

<0.21 

DP CANYON 

DPB-1 & DPB-2 10 1.7 (1.2) 
20 <0.21 

1.5 (0 !'32) 
0.97 (0 ! 38) 
0.85 (O l(35) 
0 . 31 (0 . 45) 
6 . 5 (0, '41) 

DP-1 96 (1.'0) 209. (0.54) <0. 21 
84 (1.4) 131 (1. 7) 

113 (0.73) 
0.23 (0.86) 

10 62 (0.92) 1.4 (0.62) 
< 0.21 116 (1.9) 

94 (1 , 5) 148 (2. 2) 
I 133 (1.9) 

· I 25 (1.4) 
20 < 0.21 :i 0.42 (0.68) 1.2 (0.30) 

59 (1:·3) 1.9 (0. 39) 
0 . 85(0.92) 

DP-9 0 <0.21 
<0.21 

.( 

Maximum 137cs c9ncentrations were 

found in very alkalirte soils in Mortandad 

and DP Canyons. This observation, along 

with literature citations inferring that 

soil pH is important in determining the 

solubility of other tadionuclides, suggests 

that the role of soii pH in determining the . 

availability of 137c~, plutonium, and amer

icium will be a fruitful subject area to 

be investigated in 1973. 

Over 95% of the small mammal species 

caught in snaptraps ~ere either Peromyscus 

maniculatus, Peromys~us truei, or Reithro

dontyms megalotus. Approximately two

fifths of the catch was E· truei, an addi

tional two-fifths was R. megalotus and the 

Distance 
From (ECi/9 wet carcass) 

Channel 

~ (Meters) Petra Perna Reme 

20 <0.21 
0.81 (0.47) 

<0 . 21 

ACID CANYON 

APB-1 & APB-2 20 < .21 
. 4 5 (. 35) 

< .21 
< .21 

AP-1 10 . 34 (.51) 
.02 (.41) 

20 .22 (. 34) 

AP-9 0 0.54 (1.0) 
<0.21 
4.5 (0. 97) 
0.08 (1.0) 

10 3.3 (0 . 96) 
1.1 (0. 97) 

<0.21 
<0.21 
<0.21 

20 0.23 (0.47) <0.21 <0.21 
<0.21 <0.21 

<0.21 
1.8 (0.95) 
0.47 (0 . 95) 

AP-DP-11 0 <0.21 

a 

b 

c 

0.52 (0.42) 
0.23 (0 . 51) 

<0.21 
1.8 (0.39) 

<0.21 
0.05 (0.36) 
0.95 (0.49) 

20 0.19 (0.41) 0.34 (0.18) 1.7 (0.46) 
0.95 (0.28) <0.21 
2.0 (0.34) 

Petr • Peromy scus truei 
Pema c P. man~cula~ 
Reme a Reithrodontomys mega1otis 

Station· numbers are depicted in Figure 12. 
( ) a 1 standard deviation& 

remaining fifth was P. maniculatus. The 

average weight of male and female P. mani

culatus without regard to collection loca

tion and age was 18.3 grams (n=l2) and 

19.1 grams (n=Bl respectively. Correspond

ing data for E· truei and R. megalotus 

were 22.1 grams (n=25), 22.3 grams (n=31); 

and 10.2 grams (n=22), 12.4 grams (n=l7), 

respectively. The sex ratio (males:fe

males) based on the numbers of samples in

dicated by the weiqht data abQve was 1.5, 

O.B, and 1.3 for E· maniculatus, P. truei, 

and ~· megalotus, respectively. 

Most of the small mammal specimens 

were in a nonbreeding condition at the time 

of collection. However, uterine scars were 
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observable in nine P. truei and two P. 

maniculatus, and litter sizes for these 

samples varied from 5-16 and 7-9 respec

tively. 

Conclusions 
The available data indicate that there 

is a definite accumulation of 3H and 137cs 
in the biota below the liquid waste out

falls in Mortandad and DP Canyons but not 

in Acid Canyon. The extent of the 3H and 
137cs contamination in Mortandad and DP 

Canyons is confined primarily to the area 

within about 2500 meters of the waste out

falls. The plutonium content of a limited 

number of samples indicate that elevated 

levels may be present in samples near the 

outfalls. 

IV. A 27-YEAR POST-SHOT SURVEY OF THE 

SOILS AND BIOTA AT TRINITY SITE 

A. Background 
Samples of soils and biota from the 

fallout pathway of the Trinity shot near 

Alamagordo, New Mexico in 1945 provided 

evidence for the bioaccumulation of radio

nuclides (particularly Pu) produced by this 

weapon. 41 

The radioecological group at LASL de

cided to resurvey the Trinity area to de

termine the concentrations of radionuclides 

in soils, vegetation and assorted animal 
life. Such a resurvey will provide data 

on the biological availability of weapons 

produced radionuclides which have "aged" 

in a natural environment for over 27 years. 

B. Met-hods and Results 
A sampling transect which duplicated 

Larsons work41 was initiated at ground zero 

and continued in a NE direction (along the 

fallout pathway) at five mile increments 

out to ·a distance of 35 miles (Fig. 17) 

and each location was marked on a U. S. 

Geological Survey map of the area. Soil 

and biota collection were described earli-

er. 
The kinds and numbers of samples which 

were collected are described in Table XIII. 

Preliminary data indicate that the samples 
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TABLE XII 

THE 137cs CONTENT OF VARIOUS ANIMALS COLLECTED FROM 
BACKGROUND AND LIQUID WASTE DISPOSAL AREAS 

Species ~ 

Mule Deer 1 
2 
3 
4 
5 
6 
7 
8 

Coyote 1 
Raven 1 

2 
3 
4 
5 
6 

Stel1ars Jay 1 
2 
3 
4 
5 
6 

Skunk 1 

Collec tion LOcation 

Par~jit~ Canyon
8 

Hor tandad Canyon 
DP Canyon 
R-Sitea 
Acid Canyon 
R-Sitea 
R-Site6 

Parajito Roada 
Para j i to Road a 
MOrtandad Canyon 
~IDrtandad Canyon 
DP Canyon 
DP Canyon 
Espanola, NMa 
Espanola, NM4 
Mortandad Canyon 
Mortandad Canyon 
DP Canyon 
Acid Canyon 
Chapadera Canyona 
Chapadera Canyona 
Mortandad Canyon 

pC i lJ?Cs/ gC 

0.0 2 (0.007)b 
1.1 (0.004) 
1.8 (0.01) 
o. 71 (0 . 02) 
0.0 3 (0. 008) 
0.05 (0.004) 
0.02 (0.002) 
0.05 (0 . 008) 
0.28 (0.02) 
0.13 (0.08) 

<0.029 
0.015(0.034) 

<0.029 
0.033(0.062) 

<0.029 
<0.029 

0.098 (0.30) 
0.26 (0.34) 

<0.029 
< 0. 029 
<0.029 

0.01 (0,04) 

a Samples were obtained outside the liquid waste dis
posal areas . 

b ( ) a 1 standard deviation. 

c pei/g wet muscle 

contain several radionuclides 
137c 60c 90s _9Dy 133B s, o, r , a, 
238-239Pu, and 241Am. 

TABLE XIII 

including 
152-lSSEu, 

TYPES OF SAMPLES COLLECTED ON THE RADIONUCLIDE 
RESURVEY TRANSECT AT TRINITYA 

Miles NE of Ground Zero 
!ype of Sample +5 +Io +15 +20 +25 +JO +35 

soil 1 1 1 1 1 l 

Vegetationb 5 l l l l l l 

Rodents 4 5 3 l 4 5 l 

Turtles l 0 1 0 0 0 0 

Ground dwelling 
Insects 30 0 0 0 0 0 0 

Jackrabbitsc 

Rattlesnakec 

a Number collected are indicated in tab~e. 

b A forb, grass and shrub species was collected at each 
station. 

c Both rabbits were road-kills at eiqht miles west of 
ground zero. The rattlesnake was collected 15 miles 
west of ground zero. 

l 

l 

0 

0 

0 
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N 

1 
White Sands Missile Range 

New Mexico 

Fig. 17. Sampling -transect utilized for 
the radioecological resurvey of 
Trinity. 

v. SUMMARY 'I 

A listing of the fauna and flora occur

ring in the Los Alamos study area presently 

includes 139 plant ;species and 237 animal 

species. The 50 mammalian and poikilother

mic species listed are all permanent resi

dents of the area. · However, only 37 of . the 

187 avian species ~re permanent residents 

and an additional 4;6 avian species use the 
'• 

area for breeding during the summer. An 

estimate of the type and density of vege

tative cover in the study area has been ini

tiated using black and white and color in

frared aerial photographs. Three princi

pal soil associati~·n areas have been iden-,, 

tified at Los Alam~s. 

A summary of the use histories of the 

liquid waste disposal areas including accu

mulative plutonium additions was completed. 

Mortandad (M), DP-Los Alamos (DP), and Acid

Pueblo (AP) Canyons have each received a

bout 42 mCi, 32 mci, and 170 mCi Pu. 

The radionuclide data for honey bees 

indicate that this insect may be an effec

tive monitor for tritium contamination in 

the environment. The source of tritium to 

the honey bees, which achieved body concen

trations of about 10 nCi 3H/ml of unbound 

bony water during the summer of 1972, is 

not known, it is suspected that nectar-pro

ducing vegetation in solid waste burial 

areas may be a possible source. 

Permanent sampling transects were es

tablished in · the liquid waste disposal areas 

to determine the eco-distribution of 3H, 
137cs, 238 Pu, 239Pu, and 241Arn. Tritium 

appears to be uniformly distributed in the 

effluent water and biota at corresponding 

sampling locations, whereas most of the 
137cs is associated with the stream channel 

alluvium. There has been some redistribu-
. 137 . 

t~on of Cs from the effluent water and/ 

or sediments to the plants and animals. In 

general, the 3H (exclusive of ground water) 

d 137c . an s present ~n the liquid waste dis-

posal areas is confined to within one mile 

of the waste outfalls, although there is 
. 137 . 

some ev~dence that Cs-contaminated sedi-

ment may be carried downstream during high 

runoff periods. There is also evidence 

that effluent-associated plutonium may be 

present in (or on) some of the biota. The 

pH of stream channel alluvium increased by 

as much as 2 pH units from pre-outfall to 

post-outfall locations in some of the li

quid disposal areas. The role that pH has 

in mediating plutonium redistribution is 

currently under investigation. 

Data are also presented on the physi

cal and breeding characteristics of 110 

rodents from the study area. 
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, 
An investigation of radionuclides in 

the soils and biota at Trinity, the site of 

the world's first nuclear detonation, is 

also described. 
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Common 
Name 

Colorado Pinon 
Limber Pine 
White Fir 
Douglas Fir 

Ponderosa Pine 

Rocky Mountain 
.Juniper 

One-seed 
Juniper 

Engelmann 
Spruce 

Bebb Willow 

Pacific Willow 

Narrow-leaf 
Cottonwood 

Quaking Aspen 

Thin-leaf 
Alder 

New Mexican 
Locust 

Box-elder 

Rocky Mountain 
Maple 

Choke Cherry 

Wax Currant 

Cliff Bush 

Wild Gooseberry 
Four-winged 
Salt Bush 

Buck-brush 

Mountain 
Mahogany 

Antelope 
Bitterbrush 

Wild Rose 

Wild Rose 

Apache Plume 

Wild Raspberry 

Wild Strawberry 

Service Berry 
Big Sage 

Silvery 
Sagebrush 

Rabbitbrush 

i; 
APPENDI X 

TABLE A-I 

A LISTING OF SOME OF THE BIOTA OCCURRING IN 
THE LOS ALAMOS AREA ;I 

s1
cientific 

Name 

Pinus edulis 
P~nus flex~lis 
Ab'~es concolor 
PS:Ued"otsuga 
tax~fol~a 

P~nus 

---ponaerosa 
.Juluperus 

scopulorum 
Jun~perus 

monosperma 
P~cea 

~lmanni 
Sal~x 
--seb'Oiana 
Sal~x 
--ra:sTandra 
Populus 
a:ugustifolia 

Populus 

Famil;i 

Pinaceae 
Pinaceae 
Pinaceae 
Pinaceae 

Pinaceae 

Cupressaceae 

Cupressaceae 

Pinaceae 

Salicaceae 

Salicaceae 

Salicaceae 

Salicaceae 

Betulaceae 

Common 
Name 

Barberry 

Skunk-bush 

Poison Ivy 
Osier 

Dogwood 
Gambel Oak 

Kinnikinnick 

Muhly 

Russian 
Wheatgrass 

Gal leta 

Little 
Bluest em 

Six Weeks 
Three-awn 

Fringed Brome 
tremuloides 

Alnus 
tenllfolia 
Rob~na Papilionoideae Witchgrass 

neomexicana 
Acer 
--ri'e'gundo 
Acer 

glabrum 
Pri.mus 
v~rg1.niana 

RJ.:bes 
cereum 

James~a 

amer~cana 

R~bes Sp. 
At.Fi'Plex 

canescens 
Ceanothus 

fendlerl. 
Cercocarpus. 

montanus 
Purshl.a 
tr~dentata 

Rosa 
neomexicana 

Rosa 
-arTzonica 
Fallu~ia 

para oxa 
Rubus 
-str'Igosus 
Fragaria 
oval~s 

Amelanchier 
Artem~s~a 

trl.dentata 
.Artem~s~a 

can a 

Aceraceae 

Aceraceae 

Rosaceae 

Saxifragaceae 

Saxifragaceae 

Saxifragaceae 
Chenopodiaceae 

Rhamnaceae 

Rosaceae 

Rosaceae 

Rosaceae 

Rosaceae 

Rosaceae 

Rosaceae 

Rosaceae 

~.Rosaceae 
Compositae 

Compositae 

Cnrysothamnus Compositae 
parrihoward~ 

Knotroot 
Bristlegrass 

Squirrel tail 

Kentucky 
Bluegrass 

Kentucky 
Bluegrass 

Blue Grama 

Prairie 
Three-awn 

Wheat Grass 

Weeping Brome 

Downy Chess 

Spike Fescue 

Mountain 
Brome 

Canadian Wild 
Rye 

Scientific 
Name 

Berberis 
fendleri 

Rhus 
"tiTlobata 

H~lar~a 
James~~ 

Andropo:ton 
scopar~us 

Ar1.st~da 

adscensionis 
Bromus 

c1.l1.atus 
Panicum 

cap1.1lare 
Setaria 
S/'en~culata 
s~tanion 

as per 
Bromus 
tecto rum 

Hesperochloa 
kl.ngii 

Bromus 
car~natus 

Elyrnus 
canadensis 

Farnil;i 

Berberidaceae 

Anacardiaceae 

Graminae 

Grarninae 

Graminae 

Graminae 

Grarninae 

Grarninae 

Grarninae 

Grarninae 

Grarninae 

Grarninae 

Graminae 

Grarninae . 

Graminae 

Graminae 

Graminae 

Grarninae 

Grarninae 

Grarninae 

Grarninae 

Grarninae 

Graminae 

Grarninae 

Grarninae 
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Conunon Scientific 
Name Name 

Slender Agrop*ron 
Wheat Grass trac-:icaulum 

Aster Aster 
glaucodes 

Fetid D:iSSOd~a 
Marigold eapposa 

Blazing Star/ L~atr~s 

Gay Feather punctata 
Sunflower Hel~antnus 

annuus 
Prickly Sow- Sonchus 
thistle as per 

Bitterweed H:f:!!!enox:is 
argentea 

Horseweed Conyza 
canaCiensis 

Snakeweed Gut~errez~a 

sarothrae 
Wooton Senec~o 

Groundsel wootonii 
Groundsel Senec~o 

neomexicanus 
Bitterweed H:f:!!!enox:is 

brande!lei 
Towsend~a 
ser~cea 

Blanketflower Ga~IIardia 
eulchella 

Aster Aster 
liirtifolius 

Flea Bane Er1.geron 
nud1.~Iorus 

Spreading Er~geron 

Fleabane d1.ver9:ens 
Thread leaf Senec~o 

Groundsel Iong~lobus 
Crownbeard Verbes~na 

encei~o~des 
Woolly Ps~lostroehe 
Paper flower taget~na 

Wheeler circJ.um 
Thistle wheeieri 

Aster Aster 

Yellow 
eauciflorus 

Bahia 
Ragweed d~ssecta 

Hairy Golden cnrtsoes~s 
Aster v~ losa 

Gum Weed Gr~naei~a 
aEFianactis 

Groundsel Senec~o 

mult~caEitatus 
Mil kvetch Astra!aius 

~nsu ar~s 

Low Hop Trl.fol~um 
Clover Erocum5ens 

Silvery LuEinus 
Lupine ar~enteus 

Alfalfa Medl.cago 
sat~va 

Astra~alus 
am:efi~OX,:iS 

Vetch vic~a 
Eroducta 
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TABLE A-I (Continued) 

Conunon 
Famil:i Name 

Graminae Vetch 

Compositae White Sweet 
Clover 

Compositae Indian Sweet 
Clover 

Compositae Red Clover 

Compositae Big Golden 
Pea 

Compositae Prairie 
Clover 

Compositae Yucca 
Wild Onion 

Compositae 
Virginia 

Compositae Creeper 
Pincushion 

Compositae Cactus 
Prickly 

Compositae Pear 
Stick Weed 

Compositae 
Hidden Flower 

Compositae 
Puc coon 

Compositae 
Paintbrush 

Compositae 
Miner's 

Compositae Candle 
Beard tongue 

Compositae 
Beard tongue 

Compositae 
Paintbrush 

Compositae 
Fennel 

Compositae 
Sununer Cypress 

Compo sitae 
Evening . 

Compositae Primrose 
Evening 

Compositae Primrose 
Evening 

Compositae Primrose 
New Mexican 

Composi tae· Olive 
Pas que 

Compo sitae Flower 
Glo·be 

Leguminosae Mallow 
Fendler Globe 

Leguminosae Mallow 
Red Globe 

Leguminosae Mallow 
Wall Flower 

Leguminosae Tumble 
Mustard 

Leguminosae 

Leguminosae Richardson 
Geranium 

Scientific 
Name Famil:i 

Vicia Leguminosae 
--ailiericana 
MelJ.lotus 

a15us 
Leguminosae 

MelJ.lotus 
oiiJ.c~nalis 

Leguminosae 

TrJ.i:olJ.um Leguminosae 
*ratense 

T-ermoESl.S Leguminosae 
EJ.netorum 

Petalostemum Leguminosae 
com2actus 

Yucca ~ Liliaceae 
Allium Liliaceae 

cernuum 
Parthenocissus Vitaceae 
~nserta 

Co~lli!manthia 
VJ.V~ para 

Opuntia 
Ehaeacantha 

LaEau!a 
reowskii 

Cr.:ietantha 
·James~~ 

LJ.tnospermum 
~nc~sum 

Cast~lleja 
~ntegra 

Verba scum 
tnaesus 

Penstemon 
)amesJ.J. 

Penstemon 
lent us 

Cactaceae 

Cactaceae 

Boraginaceae 

Boraginaceae 

Boraginaceae 

Scrophularia
ceae 

Scrophularia
ceae 

Scrophularia
ceae 

Scrophularia
ceae 

CastJ.Ileja Scrophularia-
lJ.narJ.aeiolia ceae 

Foen~cuium Umbelliferae 
vui!lare 

KochJ.a Chenopodiaceae 
scotEria 
Oeno~era Onagraceae 

nookerl. 
Oenothera Onagraceae 
coronop1.folia 

Oenothera Onagraceae 
erl.ml.veris 

ForestJ.era 
neomexJ.cana 

Oleaceae 

PulsatJ.lla Ranunculaceae! 
Iudov~c~ana 

SJi!naeralcea Malvaceae 
~ncana 

Sthaeralcea Malvaceae 
endler~ 

Sphaeralcea Malvaceae 
COCCl.nea 

Er,:is~um :!E.· Cruciferae 
Sisrebrium Cruciferae 
alt~ss~um 
HesEer~aanthus Cruciferae 
I~near~fol~us 

Geranl.um Geraniaceae 
r~chardsonii 
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TABLE A-I (Continued) 

Common 
Name 

Field Bindweed 

Four O'Clock 

Blazing Star 

sCientific 
:1 Name 

.: 
I 

Gill.ia 
--caTCarea 
G~l~a 
--rc;ng i flora 
Gilia 
"t'e'iZana 
Convolvulus 
arvens~s 

M~rab~l~s 
l~near~s 

Mentzel~a 

rushby~ 

Er~ogonum 

p~uc~florurn 

MAMMALS 

Family 

Polemoniaceae 

Polernoniaceae 

Polemoniaceae 

Convolvulaceae 

Nyctaginaceae 

Loasaceae 

Polygonaceae 

Cervidae 

Cervidae 

Common 
. Name 

Scientific 
Name 

Red Squirrel(p) Tamiasciurus 
hud·son~·cus 

Northern Pocket Thomom~s 
Gopher (p) talpo~des 

Vagrant Shrew(p)Sorex 

Ermine/Short
vagrans 

Mus tela 
tail weasel(p) erm~nea 

Silky Pocket · Perognathus 
Mouse (p) flavus 

Raccoon (p) Procyon 
lotor 

American TaxTaea 
Badger (p) taxus 

Pine Marten (?) MarteS 
amer~ciana 

Black-footed Mustela 
Ferret (?) ni~ripes 

Striped Skunk(p)Meph~tes 
me:eh~tes 

Spotted Sp~logale 
Skunk (p) putor~us 

Family 

Sciuridae 

Geomyidae 

Soricidae 

Mustelidae 

Heteromyidae 

Procyonidae 

Mustelidae 

Mustelidae 

Mustelidae 

Mustelidae 

Mustelidae 

Rocky Mountain 
Mule Deer (p)a 

Rocky Mountain 
Elk (p) 

Porcupine (p) 

od'ocoileus 
hemTonus 

Cervus 
canadensis 

Erethizon Erethizontidae Grey Fox (p) Urocyon Canidae 
c~nereoargenteus 

Tassel-eared Sc~urus Sciuridae 
Squirrel (p) abert~ 

Rock Squirrel(p) C~tellus Sciuridae 

Spotted Ground 
Squirrel (p) 

Cliff 
Chipmunk (p) 

Colorado 
Chipmunk (p) 

Least 
Chipmunk (p) . 

Mountain 
Cottontail (p) 

Black-Tailed 
Jack Rabbit(p) 

Golden Mantled 
Ground 
Squirrel (p) 

White Footed 
Mouse (p) 

Deer Mouse (p) 

Pinon Mouse (p) 

Mexican 
Woodrat (p) 

Western Harvest 
Mouse (p) 

Gappers Red
Backed Vole (p) 
Montane Vole (p) 

Long-tailed 
Vole (p) 

House Mouse (p) 

Ord's Kangaroo 
Rat (p) 

var~egatus 

c~te!!us 
sp~·l<>s·oma 

Eutamias 
dorsa!~s 

Sciuridae 

Sciuridae 

Eu'tam~as Sciuridae 
quadr~vittatus 

Eutam~as Sciuridae 
m~n~us 

Sy!v~lagus 
nu-ttaili 

Lepls 
ca ~fornicus 

citellus 
lateral is 

Pei:omyscus 
l .eucopus 

Peromyscus 
man~culatus 
Perom~scus 
true~ 

Neoteiiia 
mex~cana 

Leporidae 

Leporidae 

Sciuridae 

Cricetidae 

cr icetida·e 

Cricetidae 

Cricetidae 

Re~throdontomys Cricetidae 
megalot~s 

Clethrionomys Cricetidae 
~apperi 

M~crotus 

montanus 
M~crotus 

long~caudus 

Mus 
liiilsculus 
D~podomys 

ord~~ 

Cricetidae 

Cricetidae 

Muridae 

Heteromyidae 

Red Fox (p) Vulpes Canida 

Coyote (p) 

Black 
Bear (p) 

Bob Cat (p) 
Mountain 

Lion (p) 

fulva 
cani"S 
latrans 
ursus 

americanus 
Lyn~ rufus 
Fel~s 

""'"C''i1Color 

Canidae 

Ursidae 

Felidae 
Felidae 

COLD BLOODED ANIMALS 

Whiptail (p) Cnernidophorus 

Horned Lizard(p)P~osoma 
Collared 
Lizard (p) 

Desert Spiny(p) 

~ 
Crotaph~tus 
collar~s 

Sceloporus 
mag~ster 

Bull Snake (p) P~tuoph~s 

Common Garter 
Snake (p) 

Western Garter 
Snake (p) 

Common King 
Snake (p) 

Prairie 
Rattiesnake(p) 

Carp (p) 

melanoleucas 
Thamnoth~s 
s~rta ~s 

Thamnophis 
elegans 

Lampropeltis 
getulus 

Crotalus 
vir~d~s 

virtd'is 
Cypr~nus 

Chub (p) 
White sucker 

carpio 
Hybopsis ~ 

(p)Catostomus 
comrnersoni 

Teiidae 

Iquanidae 

Iquanidae 

Iquanidae 

Colubridae 

Colubridae 

Colubridae 

Colubridae 

Viperidae 

Cyprinidae 

Cyprinidae 
Catostomidae 

Carp-sucker(p) Carpo~des ~ Catostomidae 
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Common 
Name 

Common 
Loon (m) 

Eared 
Grebe (m) 

Pied-Billed 
Grebe (m) 

Snowy Egret (m) 

Canada Goose(m) 

Mallard (b) 

Gadwall (m) 

Pintail (m) 
Green-Winged 
Teal (m) 

Cinnamon Teal(m) 

American 
Widgeon (m) 

Shoveler (m) 

Ring Necked 
Duck (m) 

Lesser Scaup (m) 

Bufflehead (m) 

Ruddy Duck (m) 

Turkey (b) 
Vulture 

Goshawk (p) 

Sharp-Shinned 
Hawk (p) 

Cooper Hawk (b) 

Red Tailed 
Hawk (p) 

Zone Tailed 
Hawk (b) 

Ferruginous 
Hawk {w) 

Golden Eagle (b) 

Marsh Hawk {w) 

Osprey (m) 

Prairie 
Falcon (b) 

Peregrine 
Falcon (p) 

Pigeon Hawk 
or Merlin (w) 

Sparrow 
Hawk (p) 

Blue 
Grouse {p) 

Scaled 
Quail (p) 

42 

Scientific 
Name 

BIRDS 

Gavia immer 

Podiceps 
casp~cus 

Podilyrnbus 
pod~ceps 

Leucophoyx 
thula 

B:ran:ta 
canadensis 

Anas 
-piatyrhynchos 
Anas 
Strepera 
Anas acuta 
Ai1aS ---
""""C'a'rolinensis 
Anas 
"'"'C'Y<lnoptera 
Mareca 
amer~cana 

Spatula 
cltpeata 

Ayt ta 
col aris 

Ayth~a 
aff~nis 

Bucephala 
albeola 

Oxyura 
jama~censis 

Cathartes 
aura 

ACCIPiter 
gent~l~s 

AccieJ.ter 
str~atus 

Acc~p~ter 

cooper~~ 

Buteo 
)'aitiaicensis 
Buteo 
""'ii''bonota tus 
Buteo 
~lis 
Aqu~la 
chrysaetos 

circus 
cyaneus 

Parn:hon 
hal~aetus 

Falco 
"""'iiieX'Icanus 
Falco 
"peregrinus 
Falco 
""'CCOUUnbarius 
Falco 

sparverius 
oenaragapus 

obscurus 
Calhpepla 

squamata 

TABLE A-I (Continued) 

Family 

Gaviidae 

Podicipedidae 

Podicipedidae 

Ardeidae 

Anatidae 

Anatidae 

Anatidae 

Anatidae 
Anatidae 

Anatid'ae 

Anatidae 

Anatidae 

Anatidae 

Anatidae 

Anatidae 

Anatidae 

Cathartidae 

Accipitridae 

Accipitridae 

Accipitridae 

Accipitridae 

Accipitridae 

Accipitridae 

Accipitridae 

Accipitridae 

Pandiionidae 

Falconidae 

Falconidae 

Falconidae 

Falconidae 

Tetraonidae 

Phasianidae 

Common 
Name 

Gambel 
Quail (p) 

Wild 
Turkey (p) 

Sandhill 
Crane (m) 

Virginia 
Rail (m) 

Sora (m) 

Killdeer (m) 

Common 
Snipe (m) 

Spotted 
Sandpiper 

Willet (m) 
(m) 

American 
Avoct (m) 

Wilson 
Phalarope (m) 

Ring Billed 
Gull (m) 

Franklin 
Gull (m) 

Band Tailed 
Pigeon (b) 

Mourning 
Dove (m) 

Yellow Billed 
Cuckoo (m) 

Roadrunner (w) 

Screech 
OWl {b) 

Flammulated 
OWl (b) 

Great Horned 
Owl (b) 

Pygmy Owl (p) 

Scientific 
Name 

Lophort~x 
· gambei~~ 
Me·leagris 

gallopavo 
Grus 
""""Cailad ens is 
Rallus 
l~m~cola 

Porzana 
carol~na 
Charadr~us 
vocJ.ferus 

Capella 
galhnago 

Act~t~s 

macularia 

Family 

Phasianidae 

Meleagrididae 

Gruidae 

Rallidae 

Rallidae 

Charadriidae 

Scolopacidae 

Scolopacidae 

Catoetrophorus Scolopacidae 
sem~palmatus 

Recurv~rostra Recurviros-
amer~cana tridae 

Ste2anopus Recurviros-
tr~color tridae 

Larus Laridae 
creiawarensis 
Larus 
-prpi'xcan 
Columba 
fasc~ata 
Zena~dura 

macroura 
Coccyzus 
amer~canus 

Laridae 

Columbidae 

Columbidae 

Cuculidae 

Geococcyx Cuculidae 
calJ.fornianus 
~ ~ Tytonidae 

Otus 
"""''r'"ammeolus 
Bubo 
"Virginianus 
Glauc~d~um 

Tytonidae 

Tytonidae 

Tytonidae 
gnc;>ma 

Spotted Owl (b) Str~x Tytonidae 
--occTdentalis 
Aegol~us Saw-Whet Tytonidae 
acadicus Owl (w) 

Poor-will (b) Phalaenoetilus Caprimulgi-
nuttallJ.~ dae 

Common ChordeJ.les Caprimulgi-
Nighthawk (b) mJ.nor dae 

White Throated Aeronautes Apodidae 
Swift (b) saxatalJ.s 

Black-Chinned ArchJ.lochus 
Hummingbird (b) alexandrJ. 

Broad-Tailed Selasphorus 
Hummingbird (b) platycercus 

Trochilidae 

Trochilidae 

Rufous Selasphorus Trochilidae 
Hummingbird (b) rufus 

Calliope SteliUla 
Hummingbird (b) call~ope 

Yellow Shafted Colaptes 
Flicker (w) auratus 

Trochilidae 

Picidae 



TABLE A-I (Continued) 

Common Scientific Common Scientific 
Name Name Famil;t Name Name Famil;t 

Red Shafted CoiaEtes Picidae Red-Breasted Sitta Sitlidae 
Flicker (b) cafer Nuthatch (w) canadensis 

Red-Headed Melanerpes Picidae Pygmy Nuthatch · ·s~t·ta Sitlidae 
Woodpecker (b) er;ttl'iroceEhalus (p) E;t~maea 

Acorn Melaner~es Picidae Brown Creeper Certhia Certhiidae 
Woodpecker (p) form~c~vorus (m) fam~l~aris 

Lewis As;tndesmus Picidae Dipper (m) c~nclus Cinclidae 
Woodpecker (m) lew~s mex~canus 

Yellow Bellied S,Eh;tro,Eicus Picidae House Tro~lod;ttes Troglotytidae 
Sapsucker (p) var~us Wren (m) ae on 

Williamson S,Eh;traeicus Picidae Canyon Wren (m) Cather12es Troglotytidae 
Sapsucker (b) th~ro~deus mex~canus 

Hairy Den-roco12os Picidae Rock Wren (p) sa112~nctes Troglotytidae 
Woodpecker (p) v~llosus oosoletus 

Downy Denaroco12os Picidae Catbird (m) Dumeteiia Mimidae 
Woodpecker (p) 12u6escens caroi~nensis 

Ladder-Backed Denaroco12os Picidae Brown Toxostoma Mirnidae 
Woodpecker (b) scalar~s Thrasher (w) rufum 

Cassin T;trannus Tyrannidae Sage oreb'Seo,Etes Mimidae 
Kingbird (b) voc~ferans Thrasher (w) mont anus 

Ash-Throated M;);:~archus Tyrannidae Robin (p) Turd us Turdidae 
Flycatcher (b) cinerascens m~2ratorius 

Say Phoebe (b) Sa:torn~s saya Tyrannidae Wood Thrush (rn) H;);:locl.chla Turdidae 
Traill Ern,E~donax Tyrannidae mustei~na 
Flycatcher (rn) tra~rr~~ Hermit Thrush(b)H;);:loc~chla Turdidae 

Hammond Em,E~donax Tyrannidae ~uttata 
Flycatcher (b) Fiammono~i Swain son H;);:loc~chla Turdidae 

Dusky EmS~donax Tyrannidae Thrush (m) ustuiata 
Flycatcher (b) o-erholseri Western sl.aha Turdidae 

Western Ern~~donax Tyrannidae Bluebird (p) · rnex~·cana 

Flycatcher (b) a~fhc~Iis Mountain s~·ai~a Turdidae 
Western Wood Conto;eus Tyrannidae Bluebird (p) currucoides 

Pewee (b) sorchaulus Townsend M;t:adestes Turdidae 
Olive-Sided Nuttallorn~s Tyrannidae Solitaire townseni:'Ii 
Flycatcher (m) 6oreal~s Blue-Gray Pol~opt~Ia Sylviidae 

Horned Lark (w) Eremo12h~la Tyrannidae Gnatcatcher (b) caerulea 
ai~estr~s Golden-Crowned Re!;!ulus Sylviidae 

Violet-Green Tac-;t:c~neta Hirundinidae Kinglet (w) satra12a 
Swallow (b) thalass~na Ruby-Crowned Res:ulus Sylviidae 

Tree Swallow (m) Ir~dotrocne Hirundinidae Kinglet (w) caienaula 
6~co or Water Pipit (m) An thus Motacillidae 

Blue Jay (w) C;);:anoc~tta Corvidae s12~noletta 
cr~stata Bohemian Bom6;t:c ~II a Bombycillidae 

Steller Jay (b) Cyanoc~tta Corvidae Waxwing (w) ~arrulus 
stelleri Cedar Bom6;t:c~Ha Bombycillidae 

Scrub Jay (p) ' AJ2helocoma Corvidae Waxwing (w) cearorum 
coerulescens Northern Lan~us Laniidae 

Common Corvus Corvidae Shrike (w) excubitor 
Raven (p) cor ax Starling (p) Sturnus Sturnidae 

Common Crow (b) cOr'ViiS Corvidae vu12aris 
brachtrh:,;:nchos Solitary v~reo Vireonidae 

Pinyon Jay (w) Gymnor ~nus Corvidae Vireo (b) SoiTtarius 
c:,;:anoceEhalus Red-Eyed v~reo Vireonidae 

Clark Nutcracker Nuc~fra5ia Corvidae Vireo(m) oi~vaceus 
(p} columE~ana Warbling v~reo Vireonidae 

Black-Capped P.arus Paridae Vireo (m) g~lvus 
Chickadee (m) atr~ca12illus orange-crowned Vermivora Parulidae 

Mountain Par us Paridae Warbler (m) celata 
Chickadee (p) gambeli Nashville Verm~vora Parulidae 

Plain Par us Paridae Warbler (m) ruf~ca12~11a 
Titmouse (p) --rnornatus Virginia Vermivora Parulidae .. Common Psaltr~12arus Pardae Warbler (b) v~r~~n~ae . . 
Bushtit (m) m~nl.lt\us Yellow Dendro:tca Parulidae 

White-Breasted s~tta Sitlidae Warbler (m) 12etechia 
Nuthatch (p} carolinensis 
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TABLE A-I (Continued) 

Common 
· Name 

Scientific 
Name 

Black-Throated Dendroica 
Blue Warbler(m) caerulescens 

Myrtle Dendro~ca 
Warbler (m) coronata 

Audubon Dendro~ca 
Warbler (p) autobon~ 

Black-Throated Dendro~ca 
Gray warbler(b) n~arescens 

Townsend Den ro~ca 
Warbler (m) townsendi 

Black-Throated Dendro~ca 
Green Warbler(m) v~rens 

Grace Dendro~ca 
Warbler (b) grac~ae 

Chestnut-sided Dendro~ca 
Warbler (m) pensylvanica 

Family 

Parulidae 

Parulidae 

Parulidae 

Parulidae 

Parulidae 

Parulidae 

Parulidae 

Parulidae 

Northern Se~urus Parulidae 
Waterthrush (m) novebOracensis 

Macgillivray Opororn~s Parulidae 
Warbler (m} tolm~e~ 

Yellow-Breasted Icter~a Parulidae 
Chat (m) v~rens 

Wilson Wilson~a Parulidae 
Warbler (m} pus~lla 

American Seto~hala 
Redstart (m) rut~c~ Ia 

Parulidae 

Western Sturnella Icteridae 
Meadowlark (m) neglecta 

Yellow-Headed xanthocephalus Icteridae 
Blackbird (m) xanthocephalus 

Red-Winged Agela~us Icteridae 
Blackbird (m) phoeniceus 

Bullock Icterus Icteridae 
Oriole (b) ' bullockii 

Rusty 
Blackbird (m) 

Brewer 
Blackbird (b) 

Brown-Headed 
Cowbird (b) 

Western 
Tanager (b) 

Scarlet 
Tanager (m) 

Hepatic 
Tanager (b) 

Rose-Breasted 
Grosbeak (m) 

Black-Headed 
Grosbeak (b) 

Inidgo 
Bunting (m) 

Lazuli 
Bunting (b) 

Dickcissel (m) 

Evening 
Grosbeak (p) 

Cassin Finch (w) 

House Finch (p) 

Pine 
Grosbeak (m) 
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Euphatus 
carol.nus 

Euphagus 
cyanocephalus 

Molothrus 
ater 

Piranga 
ludov~ciana 

P~ranga 

ol~vacea · 
P~ranga 
flava 

Icteridae 

Icteridae 

Icteridae 

Thraupidae 

Thraupidae 

Thraupidae 

Pneucticus Fringillidae 
ludovicianus 

Pheucticus Fringillidae 
melanocephalus 

Passerina Fringillidae 
cyanea 

Passer~na 

amoena 
Spl.za 

amerJ.cana 
Hesperiphona 
vespertina 

Carpodacus 
cass~n~l. 

Carpodacus 
mex~canus 

Pl.n~cola 
enucleator 

Fringillidae 

Fringillidae 

Fringillidae 

Fringillidae 

Fr ing ill idae 

Fringillidae 

Common 
Name 

Scientific 
Name 

Pine Siskin (p) Spinus 
· pinus 

American · Sp~nus 
Goldfinch(p) tr~stis 

Lesser Sp~nus 

Goldfinch (b) psaltria 
Red Crossbill(p)Lox~a 

Green-Tailed 
Towhee (p) 

Rufous-Sided 
Towhee (p) 

Brown Towhee 

Lark 
Bunting 

Vesper 
Sparrow 

Lark 

(m) 

(m) 

Sparrow (b) 
Sage Sparrow 

White-Winged 
Junco (w) 

Slate-Colored 
Junco (w) 

Oregon 
Junco (w) 

Gray-Headed 
Junco (p) 

Tree Sparrow(m) 

Chipping 
Sparrow (b) 

Clay-·Colored 
Sparrow (m} 

Brewer 
Sparrow (m) 

Field 
Sparrow (w} 

Harris 
Sparrow (w) 

White-Crowned 
Sparrow (m} 

Golden-Crowned 
Sparrow (m) 

White-Throated 
Sparrow (m) 

Fox Sparrow (w} 

Lincoln 
Sparrow (m) 

Swamp 
Sparrow (w) 

·""Cur"Virostra 
Chlorura 

Family 

Fringillidae 

Fringillidae 

Fringillidae 

Fr ing illidae 

Fringillidae 

Fringillidae 

Fringillidae 

Fringillidae 

Fringillidae 

Fringillidae 

Fringillidae 

Fringillidae 

Fringillidae 

Fringillidae 

Fringillidae 

Fringillidae 

Fringillidae 

Fringillidae 

Fringillidae 

Fringillidae 

Fringillidae . 

Fringillidae 

Fringillidae 

Fringillidae 

a 
Letter.in parenthesis indicates the type 
of resJ.dency the species exhibits in the 
Los Alamos area. For example: 

(m) migratory through Los Alamos Co 
{p) permanent resident of Los Alamos Co 
(b) breeds or summers in Los Alamos Co 
(w) winters in Los Alamos co 
(?) = status unknown 



TABLE A-II 

SOME RADIONUCLIDE CONCENTRATIONS IN HONEYBEES, EFFLUENT WATER AND SESTON . - AS A FUNCTION OF TIME IN MORTANDAD CANYON 

Days after 
wt)b Movement of Work Bees (fCi/ g Effluent Water (fCi/ml) 

Hive into 
238Pu 239Pu 24IAm n 7cs 238Pu 2 ~~Pu 2HAm can :ion 

0 13 (1. 0) c 2.1 (0. 69) 5.6(1.4) 830 (20) 6.0(0.34) 0.62(0.08) 
3 1510 (20) 22 (1. 0) 1.4 (0.12) 
5 15 (2.4) <2.4 1410 (20) 23 (1. 0) 1.1 (0.12) 
8 2.5(1.1) 1.8 (0.72) <7.0 520 (10) 42 (2. 0) 2.8 (0 .20) 

12 <18. <8 . 9 370 (20) 
15 <1. 0 <1.0 2.0(0.78) 640 (20) 
18 9.5 (0.82) 1.4 (0.41) <1. 0 2870 (30) 66 (2. 0) 3. 0 (0.14) <0.10 
22 3.8 (0.56) 2.1 (0.37) 1700 (20) 58 (1.8) 2.0 (0 .10) <0.80 
26 3.0 (0 . 32) 1.6 (0.27) <3.0 140 (10) 6.6(0.26) 0.36(0.04) < 0.10 
35 9.8 (0.93) 2.8 (0. 70) 3.0(0 . 70) 184 (13) 23 (1. 0) 1.4 (0.14) 
41 14. (2.4) 12 (2.1) 1130 (20) 27 (1. 2) 1.0 (0.10) 
48 24 (0. 60) <4.0 390 (10) 21 (1. 0) 1.7 (0.14) 
55 
67 35 (1.2) 5.0 (3. 6) 70 (9.0) 
77 7.1 (0.51) 1.0 (0.18) 240 (9 . 0) 
90 <0.9 < 0. 9 850 (10) 17 (1. 0) 1.8 (0 .16) 

105 150 (8 . 0) 20 (1.2) 0.68 (0.10) 
120 
170 

Hive Bees (fCi/s wet) Seston (fCi/ml of water filtered) 

0 2.2 (0.39), 0.98 (0.39) 16 (5. 9) 20 (11) 3.8(0.14) 0. 54 (0. 04) 
3 0.30 (11) 3.9(0.20) 0 . 34(0.06) 
5 10 (7. 0) 2.2 (0.40) <0. 7 13 (11) 1.9(0.10) 0.14 (0.03) 
8 5.7 (1.1) 1.9 (0. 76) 5.7(1. 7 ) 8.0(0.0) 7.7(0.38) 0.58(0.08) 

12 <1. 0 2.1 (0.58) 7.6(0.40) 0.64 (0.10) 
15 2.7 (0.78) 12. (1. 6) <2.0 23 (8 .0) 60 (3. 0) 2.3 (0. 20) 
18 15 (0.97) 2.1 (0.35) <2.0 29d(11) 16 (0.80) 0.40(0.06) 
22 1.4 (0.28) 1.5 (0.28) 1.7(0.69) ND 26 (1.2) 0.92(0.10) 
26 <0.9 1.4 (0.35) 3.2(1.1) 22 (11) 1.2(0.06) 0.17(0.03) 
35 11 (0.75) 4.2 (0 .45) 3.6(0.45) ND 6.1(0.34) 0,48 (0.06) 
41 5.6 (0. 51)' 160 (5.1) 17 (2. 6) 38 (8. Ol 24 (1. 2) 1.4 (0.14) 
48 30 (2. 9) 4.3 (0.87) 85 ( 9. 0) 24 (1. 0) 0.92(0.10) 
55 
67 36 (11) 
77 ND 40 (1.4) 4.0 (0.18) 
90 3.8 (0. 50) 1.2 (0.33) 20 (10) 2.8(0.60) 0.22(0.08) 

105 7.0(6.Q) 8.0(0.32) 0.24 (0. 04) 
120 20 (9.0) 1.6(0 . 10) 0.20(0.04) 
170 

a Experiment was initiated on June 29, 1972. 

b fCi = femtocuries = l0-15 curies. 

c Value in parenthesis is 1 standard deviation of the reported concentration and is 
based only on counting_ statistics. 

d Not detectable . , 
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TABLE A-III 

SOME RADIONUCLIDE CONCENTRATIONS IN HONEYBEES, EFFLUENT WATER AND SESTON 
AS A FUNCTION OF TIME IN DP-LOS ALAMOS CANYON 

Days after 
Movement of 
Hive in~o 

Work Bees (fCi/g wet)b 

Canyon 

0 
3 
5 
8 

12 
15 
18 
22 
26 
35 
41 
48 
55 
67 
77 
90 

105 
120 
170 

0 
3 
5 
8 

12 
15 
18 
22 
26 
35 
41 
48 
55 
67 
77 
90 

105 
120 
170 

<2.0 
1.2(0.59) 

<1.0 
' <2. 0 

<3.0 
<0.60 
<1. 0 
<2.0 
<0.90 
<0. 80 
<6.0 

0.36(0.93) 

<0.41 

<2.0 
2.4(0.59) 
2. 6 (0. 65) 

13 (2.3) 
<3.0 

3.8 (0.42) 
13 (1.6) 
12 (1.6) 
4.2(0.60) 
2.0(0.47) 

<5.0 

1.2 (0.12) 

1.2 (0.22) 

Hive Bees (fCi/g wet) 

0.98 (0.39) 

2.0 (0.31) 
<0.9 
<2.0 
<1. 0 
<0.80 
1.8(0.92) 
l. 7 (0. 73) 
1.1 (0. 31) 
0.71(0.28) 

0.33(0.06) 
0.88 (0.49) 
1.1 (0.31) 

<. 004 

4. 0 (0.46) 
6.2(0.91) 
4.8(0.80) 

14 (1.4) 
9.0(0.83) 

12 (1.6) 
110 (11) 

6.8 (0.63) 
5.4 (0.57) 

1.7(0.11) 
<0.20 

0.70(0.27) 

2.5 (1.2) 
2.6 (0.59) 

<3.0 
7. 5 (2. 3) 

<5.0 

1.9 (0.62) 
11 (1. 9) 
1.2 (0.60) 

2.4 (0.98) 

1.7(0.46) 
<20 
4.0(1.2) 

<6.0 

<5.0 
42 (0.42) 
4.9(0.63) 
2.0(0.57) 

a Experiment was initiated on June 29, 1972. 

b fCi = femtocuries = l0-15 curies. 

Effluent Water (fCi/ml) 

137 Cs 

79 (9. 0) 
79 (9. 0) 
99 (10) 
59 (9. 0) 
44 ( 9. 0) 
58 ( 9. 0) 
56 (12) 
48 (9. 0) 
22 (8 .0) 

117 (12) 
50 (8. 0) 
80 (9. 0) 

80 (9. 0) 
80 (9. 0) 
50 (6. 0) 
40 (6. 0) 
50 (8. 0) 

0.18(0.04) 
<0.06 
0.10(0.03) 

<0.06 
0.10(0.04) 

<0.06 
0.48(0.04) 

<0.06 
<0.06 
<0.06 
<0.06 
<0.06 

<0.10 
0.18(0.04) 

<0.06 
0. 21 (0. 03) 
0.20(0.03) 

<0.06 
0.05(0.02) 
0.17 (0. 03) 
0.10(0.03) 
0.01(0.04) <0.1 
0.17 (0.03) 
0.15(0.03) 
0.14(0.04) <0.1 
0.14 (0.04) <0.1 
0.13(0.03) 
0.10(0.03) 
0.62(0.03) 

0.32(0.10) 
0.96(0.08) 
0.08(0.03) 
0.14 (0.03) 
0.25(0.04) 

Seston (fCi/ml of water filtered) 

30 (11) 
Nod 
ND 

0.20(11) 
ND 

72 (9.0) 
11 (11) 

9.0(11) 
1.0(10) 

25 (11) 
11 (8.0) 
12 (8. 0) 

49 (11) 
8.0(11) 

20 (9.0) 
21 (9.0) 
20 (3. 0) 

0.09(0.03) 
<0.06 
<0.06 
<0.06 
<0.06 
0.10(0.03) 
0.11 (0.03) 
o. 2 5· < o. 04 > 
0.10(0.03) 

<0.06 
<0.06 
<0.06 

0.10(0.03) 
0.26(0.06) 

<0. 08 
0.18(0.04) 

0.09(0.03) 
<0.06 
<0.06 

0.10(0.03) 
0.12(0.03) 
0.31(0.04) 

<0. 06 
0.06(0.03) 

<0.06 
0.15(0.03) 
0.06(0.03) 

<0.06 

0.78(0.06) 
0.20(0.04) 
0.12(0.04) 
0.12(0.03) 

c Value in parenthesis is 1 standard deviation of the reported concentration and is 
based only on counting statistics. 

d Not detectable. 
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TABLE JI.-IV 

SOME RADIQNUCLIDE CONCENTRATIONS IN HONEYBEES, EFFLUENT WATER AND SESTON 
AS A FUNCTION OF TIME IN ACID-PUEBLO CANYON 

Days after 
Movement of Work Bees (fCi/g wet)b Effluent water (fCi/ml) 
Hive into 

238Pu 239Pu 241Am 137cs 238Pu 239Pu 241Am Canyon a 

0 <0.80 c 0.86(0.33) <0.6 
3 8.6(1.1) •, 2.1 (0. 71) 2.9(1.1) 12 (ll) <0.06 2.3(0.10) 
5 <1. 5 

I 
2.0 (0. 71) 9.0 (11) 0.18 (0.06) 32 (1.6) 

8 <0. 7 0.96(0.48) <2.0 6.0 (ll) 
12 8.2 (2.4) ·: <4.0 11 (4. 7) Nod 0.4 (0.04) 70 (2. 0) 2.2(0.2) 
15 <1. 6 <1.6 21 (8. 0) 
18 1.6 (0.48) 1.6 (0.48) 0.73(0.36) 17 (ll) 
22 <0.7 0.85(0.34) <1. 0 9.0 (11) 
26 <1. 0 <1.0 <2.0 5.0(11} 
35 2.8 (0. 56} 2.6 (0.37} 3.2 (0.93) 21 (11} 0.2 (0.04) 25 (1. 0} 
41 7.1 (1. 6) 7.8 (1. 6) <1.0 40 (10) <0.1 22 (1.4) 
48 1.3 (0. 36} 1.0 (0.33} 30 (10) <0.08 9.6(0.4} 
55 
67 <0.30 <0.30 20 (6.0} 0.26(0.08} 13 (0.8) 
77 0.50(0.14) <0 .14 3.0(6.0} <0.08 11 (0.6} 
90 0 • 8 9 ( 0 • 3 9 l, 3.1 (0.64) 20 (7. 0} <0.10 1.1 (0.12} 

lOS NO <0.10 0.46(0.06} 
120 s. 0 (6. 0) 0.38(0.08} 56 (3. 2} 

Hive Bees <fci/s wet) seston (fCi/ml of water filtered} 

0 <0.4 <0.4 
3 2.0 (ll) <0.1 7.1(0.36) 
5 0.59(0.17) 0.50(0.16) <1.0 16 (8 .0) <0.06 1.4 (0. 08) 
8 1.5 (0. 42) 1.3 (0.42) 2.7(0.84) 8.0 (11) 0.26(0.06) 26 (1.2) 

12 10 (1. 8) 6.5 (1. 2) 5.3 (1.8) 22 (8. 0) 0.16(0.06) 40 (1.8) 
15 <1. 0 :i <1. 0 5.0(1.3) 12 (11) <0.08 6.8 (0.4) 
18 0.39(0.18) 1.9 (0.21) 0.94(0.42) ND 1.4 (0.16) 11 (0.6) 
22 <0.6 2.2 (0.40) 1.2 (0.40) 0.18(0.04) 20 (0. 8) 
26 <0. 9 <0.9 <2.0 NO 0.16(0.04) 11 (0 .6) 
35 2.3 (0. 49) 2.4 ( 0.4 9) 1.8(0.61) 7.0(11) 0.08 (0.03) 0.46 (0.18) 
41 2.2 (0.51) 2.4 (0.51) 3.6(1.0) ND 0.16(0.04) 9.4 (0.4) 
48 17 (8. 0) <0.06 2.3 (0.16) 
55 
67 15 (11) 0.18 (0.06) 11 (0.6) 
77 7.0(11) 0.14(0.04) 9.4 (0.4) 
90 <2.0 <0.9 ND <0 .08 0.36(0.06) 

105 ND <0.1 1.2 (0.14) 
120 9.0(6.0) <0.1 3.7(0.20) 
170 

a Exper.iment was initiated on June 29, 1972. 

b fCi = femtocurie$ = l0-15 curies. 

c Value in parenth~sis is 1 standard deviation of the reported concentration and is 
based only on counting statistics. 

d Not detectable • 
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