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SUMMARY .

On July 16, 1979, a tailings pond dam broke near Church
Rock, New Mexico, spilling liquid and solid wastes contami- SR
nated with radioactive uranium, thorium, radium, lead, and RS
polonium. Subsequent evaluation of 6 Navajos potentially
exposed to the materials spilled in the Rio Puerco River
showed thew to have no detectable increase in radioactivity
by whole~body counting and no increase in urinary rad 1o~
nuclides. ’

Since food-chain analysis is a more sensitive indicator
of possible radiation dose, 8 local and 3 control animals

edible tissues., Calculations indicate that human doses
which would result from consumpt ion of such animals would

" be higher from local than from control animals; however,
the data also suggest that exposure from chronic ingestion
of uranium mine dewatering effluent may be responsible for
the elevated radionuclide concentrations found in tissue of
Yocal animals. Even though no state or federal regulations S -
were violated, radionuclide concentrations found in animals - v
and calculated human ingestion doses fell in a range that '
justifies both further surveillance of radionuclides in
animals and the natural environment and further efforts to
reduce the amount of radiation to which humans and animals
are erposed, Navajos in the area have been advised that, %
their exposure to radionuclides may be reduced by not eat- - ‘E&N*
ing kidney and liver from local animals. A

INTRODUCTION ¢

Early on the morning of July 16, 1979, there was a breach in the earthen ' -
retaining dam of one of the tailings ponds of the United Nuclear Corporation's
(UNC) Church Rock uranium mill. The water (approximately 94 million gallous of
acidified effluent) aand tailings slurey (approximately 1,100 tons) spilled
through the damaged portion of the retaining wall into an arroyo that is a trib-
utary to the Rio Puerco river system. The Rio Puerco runs through Gallup, New
Mexico, and eventually crosses the New Mexico-Arizona border. On its way to
Gallup, the Rio Puerco and its tributaries pass through land with a checkerboard
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pattern of ownership, with portions owned or leased by the Navajo, individuals,
the Bureau of Land Management, and the state.

" In terms of tailings liquid volume, the UNC spill ranks as one of the larg-
est spills (1). The mass of solids released in the slurry appears to be close

to the median for accidents of this kind, however. Table 1l provides an overview

of the concentrations of radionuclides associated with uranium mill tailings,
and Table 2 lists tailings liquid heavy metals concentrations and water quality
parameters (1,2). '
The New Mexico Environmental Improvement Division {NMEID) was notified of
the dam break on July 16 and responded to the incident by collecting environ-
mental samples for radionuclide analysis and by establishing criteria for the

cleanup of the contaminated arroyos and river. Officials from the Indian Health

Service (IHS), U.S. Environmental Protection Agency (EPA), Nuclear Regulatory

Commission (NRC), and Navajo tribe were also apprised of the situation, Because

of the uncertainty surrounding the degree of environmental contaminatdon, resi-
dents along the river were asked to keep themselves, their children, and their
animals away from the Rio Puerco and the coataminated arroyos.

On August 6, 1979, the Center for Disease Control was contacted by Philip
J. Landrigan, M.D,, WNational Institute for Occupational Safety and Health,
regarding the concerns of an IHS physician, George Winterer, M.D. Dr. Winterer
thought that Navajo children, adults, and livestock may have been exposed to
dangerous levels of radiation. Henry Falk, M.D., Chronic Diseases Division,
Bureau of Epidemiology, initiated inquiries into the UNC siteation, contacting
the Environmental Analysis Division of the EPA in Regilon VI, the NMEID, the
IHS, and the Bureau of Radiolegic Health of the Food and Drug Administration.
The NMEID subsequently requested CDC assistance to clarify the possible radia-
tilon exposure to humans as a result of the spill, On August 16, CDC personnel
from the Chronic Diseases Divisiou (Henry Falk, M.D., Kathleen Kreiss, M.D.,
A. James Ruttenber, Ph.D., and Erica Schiffman, epidemiology~elective student)
met with officials from the IHS and the New Mexico Health and Eavironment De=
partment. This group subsequently went to Gallup and Church Rock to work with
the Church Rock Action Committee and the Navajo Tribal Task Force on Radiation
to select appropriate individuals for whole-body counting and urinalysis for
radionuclides. CDC researchers also reviewed the exposure histories of animals
purchased by IHS for autopsy and vadionuclide analysis, and they studied
environmental data.

BACKGROUND

In 1977 the United Nuclear Corporation opened its Church Rock uranium mill
in an area adjacent to land belonging to the Navajo tribe, The mill, which 1is
next to the previously existing UNC Church Reck mine, 1s located approximately

10 miles northeast of Gallup, New Mexico, on state road 566 (Figure 1). Gallup,
a town of 18,000 people, is the closest population center. The region surround-

ing the plant site is sparsely populated by Navajos at a density of approxi-
mately 15 persons per square mile. ‘The UNC mill and mines currently employ

approximately 650 persons, and the adjacent Kerr-McGee uranium mine employs

around 300. ‘ ;

The UNC mill normally processes 3,500 tons per day of uranium core, deposit~
ing the acidified tailings slurry in a series of 3 holding ponds, each of
earthen coanstruction. The tailings ponds are located along the pipeline arroyo
that feeds into the Rio Puerco River approximately 1.5 miles from the southeru~
most tailings dam, The liquid portion of the tailings slurry evaporates in the
ponds, and there is no surface flow from the holding ponds to the arroyo under
normal conditions. Runoff from the plant site after heavy'rains may daliver
radionuclides to the arroyo-river system, however. Percolation of tailings
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‘ TABLE 1
Comparison of Radionuclide Concentrations? in United Nuclear Corporation (UNC)
Tailings Liquid eand River Water, Church Rock, New Mexico, 1979

Maximum Permissible Concentratioan (MPC}

000523

Typical . Concentration in Maxiumum -
Tailings Liquid Water Sample from River Water in Bodies of Water® .
Ra&ionuclides Concentn‘ltion UNC Tailings Pond© Concentrationd Soluble Insoluble , ‘
U-238 5.4x103 3.9x103 ———- 4,0x10% 4.0x10% |
U-234 5.4x103 e —— 3.0x10% 3.0x10%
Th~230 1.5x103 9.3x10% 4.8x104 2.0x103 3.0x10%
Ra-226 &.0n102 1.3x102 5.5x102 3.0x10! 3.0x10%
Pb~2]0 4 .0x102 7.9x102 1.3x103 1.0x!o?2 2.0x10°
Po-210 . &.0x10? 2.2x103 1.3xl103 7.0x102 3.0x10%
Bi-210 4.0x102 ~—e ——— 4 .0x104 4.0x10%
Unat i ——— —— 4.0x10% 4.0x10% Fo
T-nat{ug/ly 1 emem T 1.3x0% 5.9x104 5.9x10% ‘I!?&

+ .
- .

8ALLl concentrations in pCifl above natural background unless otherwise specified

b(1, Vol. I, Sec. 7, P.6)

CWater sample colieected on 8/1/79 and analyzed by New Mexico Environmental Improvement Division
dUnfiltered water samples analyzed for New Mexico Environmental Improvement Division and UNC
€(4); Solubility with respect to physiologic fluids; USNRC MPCe are identical to state MPCs.
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liquid

has been suggested as a plausible source of contaminati
adequately evaluated (3). UNC has also cont inuously releas

itation treatment for removal of Ra-226,
Radionuclides are also released

onf the

o
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During

releasad "into the pipeline arroyo and subsequently to the Rio Puerco.
tinuous release of dewatering effluent began in Janu
the UNC wine effluent--was responsible for transform

6f the
5tream.
to the

Kerr~McGee mine began Ra-226 precipitat
in 1974, but NMEID data indicate that t
occasions,

The

of the NMEID by. agreement with the NRC.

agreeme

TABLE 2
Nonradioactive Constituents of Uranium M1ll Tailings L:

tquid,
Church Rock, New Mexico, 1979

Typical Milla UNC Miitd
Constituent , (mg/1) (mg/1)
Aluminum 0.0 v
Ammonia 500 —
Arsenic 0.20 1,22
Barium ———— 0.29
Calcium 500 ———
Carbonate ' s ot e
Cadmium 0.20 0.11
Chloride 360 ————
Copper 50.0 s
Fluoride 5.00 -————
Iron 1.0x103 ——
Lead 7.00 1.56
Manganese 500 ————
Mercury 0.07 <0.5xj0~3
Molybdenum 100 2.30
Selenium 20.0 0,53
Sodium 200 ————
Sulfate 3x10% -
Uranium m——— 11.25
Vanadium 0.10 46 .94
Zinc 80.0 ' 7.22
Total Disolved Solids 3.5x104 S
pH 2

ot it iy

a(1, vol. I, Sec. 5, P. 6) .
Representative grab sample from UNC tailings pond, analyzed
by New Mexico Environmental Lmprovement Division

-

through the underlying substrate and into the regional shallow aquifer

on, but has not been

ed mine dewatering
arroyo at a rate of 1,400 gallons per minute since
Before 1975 this effluent was not treated; after 1975 it received precip~

into the river system through the dewatering
Kerr-McGee uranium mine located | mile north of the UNC mill (Figure 1},

usual mining operations, approximately 3,600 gallons per minute sre

The con~ -

ary 1972, and--along with

: ing the downstream port ion

Rio Puerco from a sporadically dry riverbed into a continuously flowing
Radionuclides in dewatering effluent from both mines have contributed

current levels of background radiation along the river system. The

lon treatment of its dewatering releases
reatment has been incomplete on many

monitoring and regulation of the UNC mill falls under the jurisdiction

As partial fulfillment of its license

nt, UNC is required to monitor radionuclides and other chemicals in Tivey

~ 4

]

sl
.A;..‘.,miw@m. ‘Jé.khui._

e, .

3.
YO
-

T ke ikl
L e

Lo s

| phig it Lo




000525

. ) 4 | AT . - - . ’ - ) .
I k - - - . : * - - - -
» . E ‘

water and plant effluent. NMEID also routinely monitors these parameters 1in
samples from local wells and from the Rio Puerco downstream from the plant site.
Because the Kerr-McGee mine is not assoclated with a mill, its eff luent 18 not
regulated by NMEID, but by the EPA. However, EPA's attempt to regulate releases
has beemn contested in court since 1974, and Kerr~McGee has treated 1its effluent
for Ra-226 on a voluntary basis. In 1980 the courts supported EPA's regulatory

power, and plans for regulation of the Kerr-McGee dewatering effluent are in
progress.
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METHODS

Water Monitoring

Immediately after the tailings dam breach, the NMEID began a program of
environmental wonitoring to determine the extent of cont aminat ron by radionu-
¢lides, heavy metals, and other chemical compounds (2). Surface water sample
sites were located along the Rio Puerco River and its tributary arroyos
(Figure 2). Similar locations were also chosen by UNC personnel, Both UNC
and NMELD periodically collected samples from river water, .sediment, and soil
along the river bank between July 16 and August 24, 1979, NMEID and the IHS
sampled water from public wells located within 200 feet of the Rio Puerco and
RMELID sampled from 5 shallow test wells on the Kio Puerco bank. NMEID samples
of river and well water were filtered through a 0.45y filter and
Water in stagnant pools that weve isolated from the main channel was precessed
1n a similar manner. Filtered water samples were assayed for natural uranium
{(U-nat), Ra-226, and gross alpha emissions by the New Mexico Scientific Labora-
tory Division. All analyses of other radionuclides and heavy w=tals were per-
formed by the Eberline Instrument Corporation (EIC),_Albuquerque, New Mex1ico.
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River Sedimemt Monitoring

Several groups (NMEID, EPA, NRC, and. UNC) pefformed surveys of solls and
sediments to evaluate the extent of tailings slurry deposition and river water
leaching into river substrates. The first set of samples (July 19-21, 1979) was
taken by NMEID at variable intervals between the UNC mill and Gallup. Cores of
various depths were extracted from sediment adjacent to the Elowing water and
from sites along the first terrvace above the active riverbed. Samples of crys-
talline precipitates were also taken from 1solated pools adjzcent to the active
viverbed., All samples were analyzed for long-=lived radionuclides in the U-238
decay series by either the EPA Las Vegas Laboratory (Field Studies Branch,
Office of Radiation Programs) or the U.S. Department of Energy's Radiological
and Environmental Sciences Laboratory at the Idaho National Englneering Labora-
tory.

Another set of soil samples was taken by the NMEID (July 3l-August 2) from
3 stations between the UNC m:ll and Gallup. Sediment was collected 1in 4-foot
cores from a variety of streambed and terrace locations. The cores were sepa-
rated into l-foot sections and analyzed for Th-230, Ra-226, Pb-210, and U-nat.
One core sample was analyzed by the EIC laboratory, and the other samples were
processed 1n a mobile field laboratory operated by Battelle Pacific Northwest
Laboratory under contract with the NRC.

Between September 27 and October 5, approximately 1,300 samples were col-
lected by UNGC and NMFID personnel, Composite surface soil samples from the
first and second terraces above the active riverbed were collected at 1,000~ foot
intervals from the UNGC dam to the New Mexico-Arizona border. Two 3-foot core
samples were taken every 5,000 feet over the same length of river.- Areas sus
pected of tailings contamination, such as tributary arroyos, pools, and depres-
sions, were also sampled. Background samples (not contaminated by the gpill)
were taken from sites 50 £0.100 yards from the :riverbed, . frdw.che pipeliue
arroyc above the UNC mill, aud from the Rxo Puercorupstreaw' fvom the pipeline
arroyo. All sediment samples colliécted by UNC.and NMEID weré analyzed by
Battelle Pactfic Northwest Laboratory for Th-230, Ra~226, Pb-210, and U-238.

On September 28-29, a survey for Th+=230 was conducted by NMEID along the
R1o Puerco between the wmill site and Navajo, Arizona. Sediment sauples were

removed from the first and second terraces, areas suspected of contamination,
and background locations. °

E
L

Air Monitoring

Airborne particulates were collected for radionuclide analysis with a high-
volume air sampler by NMEID. The sampler, located on a bank of the Rio Puerco
near Gallup, New Mexico {(Figure 2), was operated continuously between August 22
and September-28, 1979, and between November 2!, 1979, and January &4, 1980.
Analysis of the filters (99.9% efficient at 0.3u) was performed for U-aat,
Th-230, Ra-226, Pb~210, and Po~210 by EIC and NMSLD Laboratories., NMEID also
collected a sinple 7-hour sample with a cascade impactor to measure the particle
size distribution of the airbornme particulates. 'The corvected:50% efficiency
autoff for particle size in the & stages was 17.0u, 6.%, 4.5 ,:and 3.3y, and 1t
was 0.3y in the backup glass fiber filter. The cascade impactoc air sample was
taken from a location downwind from a UNC cleanup .crew that:was working in the
Pinedale Bridge area near station.6 (Figure 2).

Assessment of Human Fxposure

To clarify the extent of danger the tailings spill posed to humans, we-~
together with the Church Rock Acticn Committee and the Navajo Tribal Task Force
on Radiation, which were conducting a survey of all residents and livestacl aear
the coataminated waterways—~-selected 6 Navajos for ia vivo assessment of radio~
nuclide concentracions. No human. consumption of river water was documented, as
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in & Gallup slaughtechouse by diffevent personnel on September 25h.

most residents used water hauled from wells nearby. It was concluded, there- -
fore, that acute human exposure to spill materials would come primarily fram ia- -
haling particulates as a result of living near the river, herding livestock to -
the river for watering, and playing or working near the river shortly after the ~-
spill., Aerial photographs and information from representatives of the Church X
Rock community were used to sclect individuals who were most likely to have been

exposed to the tailings contaminatiom. Si1x persons underwant whole-body count-

ing for 1/2 hour each at the Los Alamos Scientific Laboratory (LASL) on August

23. A 24-hour urine specimen was collected the day following whole-body eount-

ing. The residences of the subjects are marked in Figure 2. A description of

whole~body counting and urinalysis procedures appears iIn Appendix 1. . |
Internal exposure from radionuclides was possible through the ingestion of -
local livestock that watered in the Rio Puerco. However, internal doses from : -2

the animal ingestion pathway are wmore semsitively evaluated through the measure~
ment of radionuclide concentrations in animal tissue, rather than through human
whole~body counting. Radiation exposure caused by the ingestion of food crops
irrigated with spill effluent was arﬁo considered but deemad unlikely, as only

a few gardens were found along the Rie Puerco banks at the time of the spall.
The NMEID had also restricted Rio Puerco walter use wmmediately after the spill.

Assessment of Animal Exposure

Sheep, cattle, and goats grazing along the Rio Puerco and 1ts tributavies
were the domestic animals most likely to have been exposed to the tallings pond
efflyent. Several Navajo herds have depended upon this river system as their
sole source of drinking water, even during the monthe following the dam break.
The IRS purchased 2 cows, -4 sheep, and 2 -goats from the Church Rock area in co-
operation with the Church Rock Action Committee. As contrcls,!l.cow:and 2 steep
were puichased from outside the Church Rock arca. Because of the difficuliy ihe
IHS had in convincing herd owners to sell animals for autopsy, - the exposuce his-
tories of the Church Rock animals varied ccnsiderably (Table 3). - However, most JB
Church Rock animals received both acute exposure from the spill and chronie E
gxposure from the mine dewateriung effluent. Six Church Rock animals and the k-
3 controi animals were autopsied in an Albuquerjue -slaughterhouse 1u. late August S
under the supervision of the New Mexico State Veterinarian and cousultants from ;
LASL and the U.S. Department of Agriculture. The other 2 animals weve autcpsied

Tissue samples of muscle, liyer, kidney, and bone were removed from each an-
imal that was autopsied. The samples were analyzed for coacentrativas of U-238,
¥--235, v~234, Th~-232, Th-230, Ra=226, Pb-2100, and Po-210. Radignuclide analysis
was pecrformed by the EPA Las Vegas Laboratorv, A sumnary of the analytical
techniques employed by this laboratory appears in Appendix 2. Concentrations )
of heavy metals were also measured in 1 exposed poat and | exposed sheep by : -
the Vetecrinary Diagnostic: Services branch of the New Mexico Department of -
Agriculture, | .

Eax

RESULTS | - d

Water Monitoring

~ Table } provides a svnopsis of the maximum concentrations of selected radio~
nuzlides in unfiltered samples- from the Rio Puerco in the days follcwing the
spill. With the exception of U-nat, all concentratiens were maximal within
48 hours of the dam break. The maximum urantum councentration was detected 16
days after the tailings pond release. Gross alpha concentrations were also
highest (1.28x105pc1/1) an the day following the tailings velease. Most
of the radionuclide concentrations in Rio Puerco water returned . to background
Levels within approximately 20 days postspill. . Late August samples revealed
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TABLE 3
Animals Autopsied for Radionuclide Analysis, Church Rock, New Yexico, 1979

Rio Puerco Other Water Source
Drinking Water Source Available
Slaughter Age Location Before After Before
Animal Numbey Date  Species (Yrs.) (Figure 2) Spill Sprll Spill
Church Rock
1 8/22 Sheep 2 K t+ (1)a -
2 8/22 Sheep 8 1 Seldom Seldom +b
3 8/24 Sheep 5 F + (2) - -
4 3/26 Sheep 5 )] + (6) - ~
5 8/24 Goat 1 E + (2) -
6 /26 Goac 3 L ¥ * -
7 8/22 Cow 2 J + + +
8 - 8/22 Cow 11 A - - +C
Control -
9 B/22 Ram 9 -~
106 8/22 Cow 3
Martinez Campd
11 8/22 Sheep 8

a( ) Number of weeks Rio Puerco water consumed

Prizarily well water from old Church Rock uranium mine
. gHine dewatering stream above tallings ponds
Area not exposed to Church R
effluent, but noted fox .repo
tadiation

ack uranium mining and willing
Ttedly high lavels of background

above-background concentrations of Pb-210, however.
samples were taken sporadically from various location
1s impossible to establish a clear relationship betwe
and either postspill elapsed time or distance from th
the surface water data from NME
alizations. Radionuclide .conce

Because NMEID surface water
s along the Rip Puerco, it
en nuclide concentrarions

e dam. breach; iowever ,

ID and UNC have suggested the- following gener-

ntrations at all sampling siltes . Appear to have
fluctuated in a similar maaner with respect te time postspill. Likewise,
concentrations of all nuclides decreased with time, but the rates of decrease
differed among particular twclides. Certain stations tended to: have compara-
tively high cancentrations of specific radionuclides,  and these:stztious were
not necessarily the ones closest‘to-che-tailings pond ,
These general trends are consistent with the dynamics that-would be expevted
in a river system that suspends and redeposits:sediments. as a funct son of chang-
. ing water levels.  The same dynamics are also-suggested by fluttuatiqps of
sediment nuclide concentration ig prespill data. This sltuation ia: exemplified
at station 15 (Figure 2), where Th-210 concentrations rose. from:760 pCi/l on
August 7 to 1,800 pCi/l on August 8. This resuspension of sediments probably

resulted from elevated water levels associlated with heavy rains. latg in the day
on August 7. ‘

Five public wells loeat
sampled on July 18 and then
July 18 had pross alpha conc

ed within 200 feet of the Rio Puerco were firgt
a4t Z- to 3~month 1intervals. Samples taken on
entrations between 1,7 and 5.0. pCi/l, gross beta

-
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- &ration Yargey sce listed in.Table S,

concentrations between 2.8 and 8.9 pGi/l, and sulfate concentrations between
52 and 448 mg/l. These preliminary data indicate no early contamination of
groundwater by the river system. Measurements taken in September 1979 from
1 NMEID test well sugpested seepage from the contaminated river intoe ground-
.water, as sulfate and uranium concentvations showed increases over previous
background levels. These concentrations of uranium and sulfate returned to
background levels by October, however. Subsequent public well samples have
shown no indication of groundwater contamination as of May 2, 1980. Gross
alpha, gross beta, and sulfate conceatrztions for the more recent samples have
remained within the ranges reported for July 18, 1979,

Table 4 provides a synopsis of chemical element concentrations 1- . Rio
Puerco and its tributaries for periods before and after the tatlings spill. The
data indicate significant postspill increases in all elements but barjum. Hea- X
surements made at station 8 (Figure Z) approximately 3 weeks after the accident
suggest that all elements returned to prespirll levels relatively quickly--with

the exception of pH, which appears to have remained depressed for a compara-
tively longer period.
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Sediment Monitoring
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Like vadionuclide c¢oncentratlons in river water, sediment radionuclide lev-
els varied widely over the length of the river and over time postspill. The
first set of 40 sediment samples (July 19-21) was collected from 2] stations

- located over a 38-mile stretch of the Rio Puerco. Coucentrations of U-nat .
showed no consistent pattern with respect to. sampling distance from midstream,
and they ranged from 0.7-8.4 pCi/g in the active streambed and from 1.4-8.2
pCi/g on,/ the bank between the active streambed and the vertical wall of the 3
Tiver, ﬁh-ZSO levels were generally higher i1u samples from the bank thas froo
the :streambed, ranging from 18-55 pCifg-in the stveambed,and from 1.4-160 pCi/y
on the bank. Concentrations-of buth U-nat and Th=230 were highest:iu areas of
erystalline precip-tation found alomg the tiver bank (U-nat: 30-36 pCifg; Th-
230: 290-490 p€i/g). Councentrations of Ra~226 and Po-210 were measured in only
a few of the sediment samples (Ra~226:0.8-4.4 pCi/g, stream and 1.0~1.6 pCi/g,
bank; Po-210:1.1-5.7 pCi/g, stream and 1.8-3.8 pCifg, bank).

Fourteen 4-foot core samples were collectéd (Angust 31 - September %) at
stations 6, 10, an? 13 (Figure 2) -from a variety of locations between the active
stream and’terraces of the bank adjacent to the river. No major ¢oncentraktion
differences yere noeted_ among.stations, and no general trends were found for
radionuclide. concentrations in relation to lecation on strxeam bank, distance
from tastings dam, or depth of core. subsample. Radionuclide concentraticns in
core Subsamples were not consistently sktratified with respect go depth. Diffec-
any radl@nucgide,cbncentrations within each subsample tended to show similar
chgnpes with respect .to depth, hewever. The data.suggest that sediments are L e

~mived O varying extents depending upon:lecation in the river system and that
~allbﬁad%0nuclides amonitored seem tq have similar sedimentation dynamics. Ranpes
for radlonueljide.concentraticaus {pCi/g) in this set of sawples are as foilows:
Th-230,-0.9-210; Ra=226, 0,11-1.6; Pb-210, 0.86-13.0: and Y=-235, 1.0-2.4. -
. ApproXimgiply 40Z of the samplaes gollected in the extensivg.sediment saa '
pling -PTOBtam carried our. between September 27 and . October 5.were praocessed
immedyately, qpese samples weve gnalyzed for specific vadionuclides; concen~

bl

L 4o

o baiadik
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Be M
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_ We have not had the opportunity to review
the remaifing pegylts or the most recent measurements obtained  aftér cleanup
procedures. With the exception of U~235 concentrations, levels in both surface

and que_ﬁal'npies ?.hOWed no consistent relati,onshlp between radionuclide concen-

tration and |g.. . 50n in either the first or secon
streambed. Jj.

d .terrace away from the active ~— 7
the first te

235. concentrations were generally higher in samples taken from
‘raceg- than they were in-.those taken from the more-distant second

-
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Tastw A

" ‘ cnamtﬂa} Gmmpﬁaitzaﬂﬂ of Weter ﬁamples Peom Rio Puercs and Tributaries,
‘ Church Rock, New Mexico, 1979
', Béfore Spil} After Spiil
§ p oL . . - ‘ b ,
' : 3/5/78=  4713/78-
Date: 5/.9476 2719778 5/22/19% 5/22/79b 7/16/7% 7/16/79P /16779 81779
. Kerr~M»bee .. .
, URC Mine Mine .- ) ' ) ' Below
Lppationcz Discharge Discharge Btation 8 Station i3 Stacion 8 Stationm 15 uNC Damd  Station 8
Elements . v ‘ '
As , <30 69 . 6.1 - 5.3 -- 187.3 1,200 <5.0
ba e 1,000 205.5 88.7 - 166.7 316 328.0
Cd <3 <5 - - - ig.1 112 <l.0
Pb ~— - - ;== - 11.5 1,550 <5.0
Mo 15 14 155.2 113.5 - 10.0 2,099 140.0
Se 16 9 25.2 17 .4 - 119.7 505 26.0
JU-Nar ‘ase@. o ..r1 BE6O .. 1620.0 75,0, . o 6,974.3 11,355 396.0
v i ' T 45 A 25'f L B f-  4,002.7 47,845 <1¢.0
Za 200 Th a0 — - - 0,778.6 7,186 75.0
sog T e= T e 176.1 202.7 - 6,545.7 - -
pH’ B T8 B 2.3 8.3 8.z 1.44 3.3 - 6.8
EALll concentrations in yg/i; water samples were filtered {0.45W membrane) unless otherwise specified
bAverage of multiple ssmples for specified time period
CStations are icdentified in Pigure 2
CUnfiitered water sample
P l:q,.n i i Lo L (iwnh R NRT x:ili‘ﬁ.: i ok 1i}mikh H.-Ndkiq.aas.am ..;i'uwii ‘ B . ‘t_h;ﬂfﬂ: i ‘-"’«” ; ) 3
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terrace.

Likewise,
respect to depth of
tions of Th~230 and
sured 1in background
Less than 50

Preliminary Radionuclide Concentration Ran

Radionuclide

no clear trends existed for any of the radionuclides with

sample or distance from the tailings pond dam,.

Concentra-

Pb~210 in the river system tended to be above ievels mea-

samples, and certain samples exceeded back

ground by a factor

%Z of the samples had levelg of either Ra-226 or U~235 that

Core Samples* of Rio Puerco Sediment,
Church Rock, New Mexico, 1979

|

i 1.

ges for Surface and

1y
L Ahd.oaciard

s

Surface Composite Core Sample Background Samples
_Sample (pCi/g) ﬂ:ﬂpCi{g) . _{pCi/p)
15-270 5.3-160 19-28
0.23-2.7 1.1-6.8 : 1.2-1.7
1.8-44 0.84-59 . | 3.0-4.6
0.18-2.5 1.6-4.0 . 1.7-2.4

*Samp les collected- between September 27 and October 5 by UNC aud NMEID
and analyzed by.RBatells Pacific Northwest Laboratory. -

.Erations represent- only ‘a portion of the samples.takeu_during this

period.

tions than were in the
the time of sampling, concentrations were highest in a region.19.5-22 mile
. In. this set of samples, Th~230 .concentrations in river
only 5 af the 40 samples ex~

downstream from the dam
sediments ranged between ~3.5 and 110 pCilg, with
teeding the NMEID cleanup standard of 30 pCi/g.
' Immediately after the dam break, UNC began sampling sediment
bottom of the Rio Puerco downstreanm from the dam.
dicated maximum |
below. the dam.,
Th-230 was detec
Cions for these
-In the month

Samples from aveas with concentrated .salts ace not i“CLQ?ﬁék.b_:_

n UNC workers shoveled the -tailings from these -areas,

ter the monitoring and cleanup indicate that Th-
St sample sites in the Rio Puerco have dropped to . levels less

I R N e R

L i

]
.

o

IRl

These concen-

from the river
Their data for August 17 in-
concentrations of Ra-226 and Th-23¢ in a' région of 1.5-4.8 miles
‘ ' oncentrations :of Ra-226 und
ted approximately 8 miles below the -dam, :Ranges. of concentra-
samples were 1.7-71.8 pCi/g Ra-

& immediately follawing_the spill, UNC was ordered by NMELID tn
from areas known to have high concentratiagns of Th-230

226 and 11.2-115.7 pCifg Th-230,

Sediment
230 concen:-

Most of these areas
£ raffinate Pooling with depositien of white and yellow crystal-
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W (indicai-ing more rapid physiological clearance)- is uskd fov the.Th-230 dose

Likewise, 1t myst be remembered that all doses. were calculated for aunual con~

the counting of the Church Rock subjects. These partisular analysas were per-~

. can then be copverted to the smallest organ dose that cau be-detected by the

Th~230 deposited in the lungs of a L0-year-old child to be 10 nCi and calculated

#
Air Monitoring .

The NMEID collected and analyzed air samples with a high-volume sampler lo-
cated at statiom ITI (Fipure 2) and with a cascade impactor placed near a river
bank cleanup operation during conditions of high dust loading. Table 6 presents
air sampler radionuclide concentrations and New Mexico's maximum permissible
concentrations and Table 7 indicates radionuclide concentrations in particulate
samples. One should note that the cascade impactor data in Table & indicate
that the size of collected dust particles ranged between 0.3 and 3,3u-—sizes
considered to be respirable by humans,

The high-volume composite sample data were used to calculate inhalation
doses to the human tissues receiving the highest doses according to the tech- :
nique of Dunaning et 3l (5) The most conservative clearance classes were used “F
to calculate doses: D for U-238 and Po-210; W for-Th~230, Ra-226, and Pb-210 .
doses to all target organs except resplrakory lymph nodes, and class Y for U-238
and Th-230 doses to respiratory lymph nodes. Inhalation rate was assumed to be
15 m3/d, and duratiom of inhalation, 1 year; quality factors were selected
to give the most comservative dose estimates. Fifty-year dose commitments
(in mrem) of 17, 3, 14, and 139 were computed for bone, splzen, endosteum, and ~
tespiratory lymph nodes, respectively., Th-230 contributed the greatest single .
radicnuclide dose to endosteum and respiratory lymph nodes, while Pb~21i0 pro-
vided the greatest contribution to bone, and Po-210 to spleen.

Human 1inhalation doses based on c¢ascade impactor daka were calculated in a
similar manner. Fifty-year dose commitments (in mrem) of 191, 2, 766, and 3,619
were calculated for bone, spleen, endosteum, and respiratory lymph nodes, re-
spectively. The dose to all target organs from Th-230 was much higher than from
all other radionuclides. It should be noted that the .inhalatfion dose from
Th~230 is sgensilive to the solubility of this radionuclide,. 1If-clearance class .

i

JAn4 oz

H &

calculations, doses to the endpsteum and respiratory  lympa.nodes are. much luwer

BT TRIC VLT U

tinuous inhdlation of the. measured air concenbtrations--a situaticn that would be -

unlikely, since Church Rock resideuts do not spend all their-‘time near the banks
of . the Rio Puerco.

e
.,‘,_ , .

i

T it

Human Exposure

ALT 6 of the subjects who underweat whole~body counting were 50und to have Cne
normal amounts of radioactivity, primarily K-40. LASL specifically. searched for 7~
the presence of radionuclides of uranium, thorium, aod thelr dauglhiters, and
found no detectuable activity of any of these isotopes “in apy of the subjects, o 4
In addition to the shole-body counts performed on the. Chuvrch Rock residents, o E
4 children from Los Alamos were monitored in’a similar fashion on the day before

B b S

formed for control purposes, as LASL had limited experience with ithe monitoring -
of children.
Because negative spectrbscopy results- indicatg only the absence of concen-
trations ;above the counting system's limits of detection, these limits were
compyted for the deposition of Th-230 in the lung. The Thr230'derection limit

L b

ok

counting system. This minimum detectable. dose is-thus:thgiiargest~dcse that
could be incurred but not detected, LASL estimated the limit of-detection for

b di

a minimum detectable dose rate to lung of 4.0 rem/yr and a minimum detectable
total lung dose of 7.9 rem. The lung dose from Th—230 was assumed to be the

highest organ dose expected from an acute exposurg to materials- from the tazl"
ings pond spill.

el b,




e : n table 6 '

. Radidnuc?iﬂe'Ccncentrations‘in Afr Samples,
: : - ¢ Church Rock, New Mexico, 1979
$htai = o
Saiple Sample ©oilesst PSusgende& . Air Concentration (pCi/m3)
ample ampla geieétion carticulates - o - _ ‘ -
Number “Type* . Dare (pg/m3) UGc10™%  m230(x105) Ra-226(x107%) Pb-210(x10-2) Pa~210(x15-3)
L .L8(22[79‘ ~= - <12 6.0¢4 2.8+1.8 -
2 B 8/22-8/30 119 | <&%.0 <&k 2.0¢1.6 1.2+0.2 -~
3 B ?[30?9(?“ 180 <2.7 . <3.5 1.4+1 .4 1.3+0.2 ~=
A . R . . [ Fov . —-— . —
& B 9f?~?fl3 to7 <3.5 !ﬁ%,S . 2.4+1.9 1.3+0.2 -
3 - B i3-9f21 . 80 N A - . ~- : -~ ==
& B 8/2:-9/28 14} <4.8 — —— -= -
7 " 12¢79=1/80 ilg - 3.8 17 p9432 0.71+0.21 24+0,2 5.9+1
& b "‘9f13f79 7194 ‘ 42 ! - 1300+800 24+2 6.111.2 —~—
NMEID Maximum Permisgiple
Concentration (pCifm33(4)8 y-238 ' Ub-234 Th-230 Ra-226 Pb 210 Po-210
oo R .
Soluble A 2.0xi0l 8.0x10~2 3.0 4.0 2.0x101
H o 7 : . .. . 'f‘,F\ T8 dopr fro ' E R :
Insoluble 5.0 4.0 3.0x16~1 2.0 2,0 7.0
=t N I ‘t gis PN e, H “at Jens oo, . e )
B - One ' day high-volume sample ! ¢ . . ' ' o t
B ~ One wekk hzgh-vqlume‘sample Caee Co - !
c - S:xﬁweek-cuMﬁ031;e‘hiﬁh-voipme sample b e )
D= Seven—hour caszcatle 1mpactor=93mpie=‘éli-materiéi,ge$651teé o back-up filter)

gﬁnnugl average above-background concentrations, X
Uranium in &tmasphere is assumed to be predominantly the =234 isctope, s&s indicated by concemntrations in
animal organs, In the case of low concentrations cof U=23%, U mixtures are more toxic via chemical pathways
than as onizing radiation (47,

The MPC for chemical concentTations of U e 7.6x10°3ug/m3°

s
ro
Ea H
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TABLE 7 \
Radionuclide Concentrations in Atmospheric Samples, 1
Church Rock, New Mexico, 1979 |

Radionuclide Concentration* (pCi/g)

Sample l

Number U Th-230 Ra=226 Pb-210 '
l <3 -4 - e T P
2 <3.4 <C.34 1.7 +1.4 98+14
3 <3.4 £0.44 1.8 +1.8  158+22 2
4 <3.4 <0.45 2.3 +1.8 122418 3
5 <3.4 - - -~ ]
6 3.% o - —— T ‘:%
7 3.21 1.58+1.10 0.60+0.18 50+10 d
8 5.33  16.3 39.7 . 3.0 #0.3 85+15

*Error terms represent 2 times the standard deviation of —~

laboratory counting errors

g

A variety of analyses were performed on the 2 sets of urine samples col- k.
lected from the 6 individuals chosen for study. OGross gamma activity in both 4
sets of samples did not exceed the detection limit of 35,497 counts/2,000 sec
(computed as the mean of 2 background and Z control samples plus 3 times their
standard deviation). Gross beta counts for each sumple were not.statistically

~different frow controls or.detection limits as previously definsd.:-Gross aipha
results for :all individuals were likewise less than:limits:of detection, which
were established by LASL as 5 counts above background., Thuiconcintrativg of

.. -~ total uranium did not exceed the detection limit- that way calenlated ko be 74 ¢
- neutron counts {954 confidence limit) and corresponds ko a:concentration of
006 pCi/l-

| ©  Colorimetric thorium determinations were all less thaan.the detection limit
] ' . of 20 ug/l. The comparison of results from alpha scintilligien and--alpha spec-
© o troscopy indicated adequate measurement of thorium vadionuvlides in ‘the spiked
‘ samples. The detection limit {99% confidence) was determined‘ to be 0.1 dis-
- integrations per winute {dpm).- When net. alpha count data: for. each specific
. radionuclide. were wompared with the detection limit,. allfsamples. and controls
were below the limit.  However, when total dpm werve coupared; 2. of the & samples
- . exceeded the detection limit with count. rates of 0ul5 and 8,18 dpm:: Hetither of
- the control. samples exéeeded. the limit. of detectionic.Thedael cwount data from
\ .. == .- - alpha spectroscopy analysis suggest that-Ra-224,-Th~228, -and Po-216 wmay be
v " responsible Yor these elevations.
. © ° The limit of detéction for Th-230 in urine can be vsed to estimate the
.. .. associated minimum detectable dose rake.. This calculatiou was performed for «
- 10-yearrold child with a daily urinary-excretion rate" equal to thar average for
S ... the Church.Rack subjects €709 -ml/24 hours) and an-exposuie.tn. Th=230 that ceased
. 30 days before the urine was collected (the assumption. thati provides the most
B . conservative estimate). . It was alsn assumed that.-thorium wus escreted in & =
| =~ . mannev similar to plutomium, Under these circumstances,” radiometric analysis B
could detect internal deposition of Th-230 that would give a dose™ rate of 127 .
mrem/yr to bone surface, and 25.3 mrem/yr to total bone mass. ks
In the Ra-226 analysis, a single control sample zhid 3. diskrilled water blank '
vere analyzed along with the Church Rock samples. : LASL deterained:the limit of
detection by computing the standard deviation of the contrel, blank, and urine
" samples with results less than or approximately. eq0al. ko the.levels of the
control atid blank;--:The 992 coufidence.detection: limit wvas, 0.34 pCifl, based ou

i

e
g P TN

" &
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a mean of 0.144 pCi/l and a standard deviation of 0,064 pCi/Ll. Only ! Church
Rock sample was in excess of the detection limit., It Ls interesting to note
that 4 of the 6 samples actually exceeded the mean calculated for the detection
limit.

Detection limits for atomic absorption spectrophotometry for cadmium and

| lead were determined to be 0,05 yg/cc., All samples were found to have concen-
trations of these elements below the detection limits., C

Animal Fxposure

Append1x 3 presents gross radionuclide concentrations measured in samples
from edible animal organs submitted to the EPA Las Vegas Laboratory. ‘These data
are corrected for reagent blank activity in Appendix 4. The corrected concen~
trations are more appropriate for purposes of comparison, as long as one keeps
in mind that only 2 reagent blaunks were amalyzed, that these blanks were pro-
cessed 3 months after the bulk of the animal samples, and that no goat control
was obtained. The fact that radionuclide concentrations were measured in only
11 animals precludes definitive statements regarding representative concentra=—
tions for the animal herds in the Church Rock region.

When exposed (Church Rock} and control animals are compared, most radio~
nuclide concentrations for most of the exposed organ samples are higher than
those for controls. 1In particular, exposed animal concentrations of Th~230,
Ra-226, Pb-210, and Po-210 are consistently higher than control concentrations.
The cow from station A (above UNC tailings dam, but downstream from Kerr-McGee
and UNC dewatering effluent) had higher liver and kidney concentrations of
Th-230, Ra-226, Pb-210, and Po-210 than the other Church Rock cow. When radio-
niuclide levels in all ¢ Zible organs are compared, kidney .is the organ with the
highest concentrations, and muscle the lowest. -Concentrations of Pb-210 and
Po-210 are consistently higher than other radionuclides.

Radionuclide concentrations measured-in bone samples:are .presented ia
Table 8. Although radionuclides in bone .do not usually enter:the human food
chain {with the exceptxon ‘of ingested bone marrow and soup), their levels can
provide useful data for evaluatlng pathwaya of animal exposure., In additien,
most vadisnuclides of the uranium decay series are concentrated in bone to a
greater extent than in other organs. This means that bone samples from exposed -
animals have radionuclide concentrations that exceed detection limits to 4 =
\ greater extent than samples from other organs, and are thus mqne.approPriate

- R

}

-
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for comparative purpases.

The bone concentrvation data show that for all radionuclides, .exposed cows
and sheep have higher concentrations than controls. Concentrations of Ra-226
exceed those of Pb~210 and Po~210 in both exposed and control cows. Sheep cow-
eentrations of Po~210 are generally higher than Ra-226, with the exception of
the l-exposed sheep that watered from the well located near the old Chureh Rock -
mine. :There gppears to.be no consistent velationship between Ra-226 and Po-210 ’
¢oncentrations in the 2 goat samples. It 1s interesting to, note that Pb-210 was

_ detected only in half of the samples and.thar -al}l .of these concentrations were
\ 1ess than those reported for Po-210. When radiomuclide concentrations ave com-

B .
PO 55 Y i

pared by ages of the aniwmals, Po~210 and Ra~226 appear to be directly related to
age for cows and sheep.

‘The organ concentrvation data in Appendix & can be used to estimate human ra«
diation doses through animal ingestioa., Human doses are galculated by assuming
particular patterns of organ ingestion and applying factors that convert quanti-
ties of ingested radionuclides into various human organ dosgs (5-6). Table 9
lists human organ doses calculated for the annual tngestion of 78 kg/yr of the
specified animal organs (estimated average annual consumption of meat by adults)

€1). Calculations for adult meat consumption were chosen to: represent the high-
est (most conservative) organ doses,

16
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TABLE &
Corvected® Radicnuclide Concentrations ir Aniwmal! Bone Samples,
; Church Rock, New Mexico, 1979

H T . J

Radionuclide Comcentration (pCi/kg)d
U-~234 Th«232 Th-230

. Y Sémélg L Age of
Animal® . Type. . .Lecation® Animal {(Yrg) 0-238 U~235 Ra~226

Pb-210  Po-210

Exposed Femur - J

)

[ S

72.32 3.55 82.21 0 29 .83 £39.79 71.84 296 .27
Exposed Femr A 1 379 1.2t - &1.09 1.38 1.16€¢  2,295.09 0 771,27
Control Femay &.Tiﬁig' 0 3 2.74 SR 1.222 0 3z2.88 327 .41 0 289.69
Exposed . Unspecified & 5 26 .85 2.48 Z7.07  4.15 9.3C 407 .26 229 .48 1,0636.30
Exposed . Femur D S 23.6% S 20,44 0 35.75 535.8i H] 979,38
Expesed Femur K 2 36.85 6.38 3.48 &.27 21.94 579.15 0 667.12
Exposedf Pemsr ..+ X B 43,82  1.33 £2.36 1.52 20,448 %,278.33 - 1,152.82
Controi~18 Femur o B 2.88 0 3.93¢ 0 34.92 334.00 866.92 1,745.38
Control-2 Femur (3} 2 1.6 6,68 3.48 1.36 i7.92 181.59 32.08 763.82
Goat - ' o -
Exposed: | Uaspecified E I . . 16,30 1.16. 16.91 1.33 12,55 264,30 153.78 478,96
Exposed Femur = L 3 5.22 G 6.26 1.62  3.84e 572,33 0 260.82

8Cencentraticns based or. gross counts with reagent blanks subtracted; megstive corrected concentrations are
considered fo bg zero., . O -

SExposed animals. tsken from herds known Eo water at Ris Pugc¢eo o pipeiine arrovo; control animals taken from areas
distant from Rig Puerco

©Location on Figure 2; O = contro! snimal from area not on wmap; note that location A is above the UNC dam
. .but downstream from dewatering effluent. of UNC and Kerr-McGee mines.

H . :‘ |4 N P .
dconcentrat ions based en wet weight
Estimated 3,29 sigma countimg error is greaster than or equal to calculated concentration.
‘animal exposed primerily to well water from old Church Rock uranium mine

8Sheep ferom areaz not exposed to Church Rock uranium mining and milling effluent, but noted for reportedly high
leve%s of background rédiation “ Gk urAnium maning E 2 _ per y nlg
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TABLE 9
Human Organ Doges? (50-yr Dose Commitment in mrem)
Calculated for Animal Tissue Ingestion,

Church Rock, New Mexica, 1979

-
WO WwWWw oo

Total
Anlmglb Organ Location® Bodyv Bone Liver K1dn3z Endosteun Spl«
Cow
Exposed Huscle J 0.5 0.6 ¢.9 4.9 0.4 8.
Exposed Huscle A .7 0.7 2.0 11.3 0.3 19,
Control Muscle 4] 0.3 0.5 0.5 1.9 1.3 3.
Control  Cube Steakd P 0.3 0.5 0.5 2.4 0.2 4.
Exposged Liver J 1.4 15.5 8.5 41,7 9.1 70.
Exposed Liver A 34.5 85.4 24,2 101.6 6l.4 168.7
Coutrol 1 Liver 0 2.0 . 3.3 4.0 20.9 3.2 35.8
Control 28  yiver 0 5.9 14.4 5.1 18.7 12.7 31.1
Exposed Kidney J 58.2 138.9 41.8 198.3 163.8 332.5
Exposed Kidney A 117.% 276.2 100.3 485.4 286.2 819.,%
Control Kidney 0 32.2 78.1 24.8 118.3 37.2 198.9
Exposed Bone (soup) A 2.5 6.8 0.2 0.6 27 .4 0.9
Exposed Bone (soup) g 0.3 0.9 0.1 0.2 0.8 0.4
Control Bone (soup) 0 0.0 0.0 0.1 0.2 0.4 0.4
Sheep
Exposed Muscle F 3.4 B.4 2.7 9.3 8.2 15.2
Exposed Muscle b 15.5 43.0 4.6 10.0 21.7 14.3
Exposed Muscle K 0.1 0.1 0.0 0.1 0.1 0.2
* Exposedf Huscle I 1.9 4.8 0.6 1.2 22.1 2.0
Control 18 Muscle g . 0.1 0.2 0.2 1.0 0.1 L.
Control 2 Muscle 0 - 0.1 - 0.2 0.2 G.7 1.8 i,
Exposed Liver ) 11851 518.8 40,5 159 voav9.? io,
Exposed Liver 14 1.28.0 76.2 “11.0 -24.G ~53.2 37,
Bxposedf Liver 1. . 16.7 45.4 5.4 14,6 (21,5 21
Gontrol 18  YLiver 0 27 .4 75.3 8.6 23.6 '35.9 35,
Control 2 Liver 0 21.2 57.4 7.8 24,9 27.4 39,
Exposed Kidaev D 37.6  1,201.4 141, -385.4 $43.0 387.6
Exposed Kidiney ‘K 26.2 60,7 24,9 114.4 62.8 193,
Exposedf Ridney I . 67.7 1685 70,1 473.1 362. 2824
Control 18  Ridney 0 .. 55.4 140.6 ©.346.,0 1481 © 68.3 246.2
Control 2 Kidney 0 21.0 4 .6 28,4 124 .4 85,7 210.8 .
Goat
Exposedh HMuscle E T 3.3 . 7.9 2.5 6.7 34,7 .9~
Exposed Muscle L ¢ 116.4 2.1 . 5.7 . 10.3 1,467 .2 5.4
Exposed Liver oL .-122.8 342.1 ~34.1 87.6 165.3 9% .6
Exposed Kidney L 25.4

ADoses calculated for annual ingestion of 78 kg for specific-organs (1, 3)
Exposed animals taken from herds known to water at Rio Puerco or Pipeline- arvoyo; contro!
animalg taken from areas distant from Rio Puerco
cLocatinn,on Figure 2; O=control animal f£rom area not en map; P=cube steak from Lag
Vegas market; note that .location A is zbove the UNC dam bhut downstxeam from dewateving
, effluent of UNC and Kere~-McGee mines
-%Average batween 2 samples
huplicate gample
Atimal exposed Primarily to-well water from old Church Rock uranium mine
8Sheep from area Mot exposed ko Churech Rack uraaimum wining and milling_gﬁﬁluent, but noted
for reportedly high levels of background radiation
Pb=210 sample lost; concentration of this radionuclide estimated from Pb-210:Po~210 ratio
from appropriate organ -

296.2 795.5 120.1 ¥4 373 .4 682.9

i
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The doses in Table 8 are expressed as 50-yr dose commitments, meaning the
doses to the indicated human organs that would accrue over 50 years from the an-
nual ingestion of 78 kg of the specified animal organ ov 130 1 of soup prepared
with bones. If these quantities of meat were ingested over many yzars, the
50-yr dose commitments for each year would be additive, and the annual doses
would increase year by year until they reached a level equal to the 50-yr dose
commitment in the firftieth year of ingestion. As it is unlikely that an iadi-
vidual would consume 1l organ exclusively for 1 year, doses have been estimated
for the more realistic consumption of animal organs in quantities proportional
to each organ's percentage of the animal's total edible weight. Table 10 pre-
sents 30-yr dose commitments for annual consumption based on this approach for
the organs of goats, cows, and sheep that yield the highest dose commitwments.
These calculations are based on the assumption that muscle, liver, and kidney
comprigse 94.8%, 3.4%, and 1.7%Z, respectively, of total edible body weight.

TABLE 10
Human Organ Doses* {50-yr Dose Commitment in mrem)
from Gonsumpt on of Animals Giving Highest Doses,

A

Church Rock, New Mexico, 1979 g
Total

Animal Body Bone Liver Kidney Endosteum Spleen

Cow 3.9 8.4 13.2 22.6 7.3 38.3

Sheep 28.6 79 .4 8.2 18.1 4428 26.1

Goat Tr19.7 A21.5 .- 8.6 19.4 . 1,3847%4 - _ 28 8

“%*Based on assumption that muscle, liver, and kidney are consumed in -

proportion to theilr contribution to total edible hody weight (94 8%,
3.4%, and 1.7%, respectively) e

When doses from exposed and control animals are conmpared, or doses from
particular animal organs, the data from Table 9 are apprtopriate. These data-in-
dicate that calculated ingestion doses to all human orgams.ace generally higller
fiom exposed animals than from controls. There is a pood deal of variability

among doses from exposed animals, however. One should-also note that doses wal-

culated for ingestion of organs from 1 exposed cow and 1 -exposed goat are leds
than those calculated for control organs. 7The variability between doses calecu=
lated for the duplicate cow liver sample also suggests that large differences
must be evident before doses from exposed animals can be said to.be higher ihan
those from contyrols. The highest doses calculated for ingestion of a siugle
animal organ are from the kidney. Doses from ingested muscle are-generally the
lowest, with the exception of 1 goat muscle sample. . = “ o
There secms to be no consistent relationship among human corgau doses thet

holds for all animal .gsamples, although spleen and bune.doses: are usually higher

than other human organ doses. ‘The highest human organ doszd calculated for

ingestion of a single .animal orgar are to the endosteum -from goalt:muscle inges~

tion, to the bone from sheep or goat kidney ingestion, and to the ‘spleen from
cow kidney ingestion. Doses of these magnitudes would not be: expected uniess
humans were to ingest these animal organs as their exclusive soutée of animal
protein. The data in Table 9 also suggest that botling bones for soup would
tesult in negligible organ doses to human consumers.

When raw data for ingestion doses are studied, inferences can be made with
regard to the radionuclides that coutribute the wost to-total organ dose. ¥or
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bone dose, Pb-210 and Po-210 are the major contributors, with the dose from
Pb-210 usually exceeding that of Fo-210 by a considerable margin.
Ra=-226 is a substantial contributor to endosteal dose, but many of the samples

When present,

have no detectable levels of this radionuclide. Pb-210 concentrations consis~
tently give the highest total body doses, and Po-210 and Pb~210 provide the
major contributions to liver dose. Concentrations of Po-210 provide the great-
est doses to kidney and spleen. It 1is interesting to note that concentrations
of Th-230 contribute mainly to endosteal dose and usually to a small extent.
Heavy metal concentrations measured in 1| exposed goat and 1 exposed sheep are
presented in Appendix 5. Comparatively high concentrations of many metals in
skin and wool indicate external coantamination of the animals. The fact that
elemental uranium concentrations were aot high in these animals supgests that
exposure to dust and sediment of the Rio Puerco has not resulted in elevated
systemic levels of the radioactive isotopes of this element. All elemental con-

centrations are considered to be within normal limits for animals by consultants

from the Southern I"cgion Veteriunary Toxicology and Entomology Research Labora-

tory of the U.S. Department of Agriculture.

DISCUSSION

Measured concentrations of radionuclides in river water samples suggest that
New Mexico MPCs for Th-230, Ra-226, Pb-210, and Po-210 were exceeded for a per-
iod of days after the tailings spill. Water concentrations of all radionuclides
dropped significantly ever a period of 5-6 weeks postspill, thouzh comparatively
high concentrations of Pb~210 and Ra=-226 were measured as late as January 1980,
1t has been difficult to determine whether water concentrations have returned to
background levels because of sparse and conflicting data for prespill water cou~
centrations. This point also has made it difficult to clearly prove that HPCs
vere exceeded, as they apply to water concentrations in excess of background
concentrations. Mine dewatering effluent has been coasidered by-the state to be
“background" even though concentrations of certain radionuclides are much higher
than found in the Rio Puerco upstream from the pipeline arroyo (when there is
water in this usually dry river). .

Because water coucentrations above the MPCs lead tQ exposure excess primar—
ily through chroni¢ elevation and because radionuclide concentrations in Rie
Puerco water have shown a substantial decline since the spill, we feel rhat
radionuclides released to the water of the Rio PuercQﬂbg,xhg*ﬂuc_spl.lﬁhazﬁ
posgg go_sigairficant _dangser to human health The fact that humans.do not con~
sume Rio Puerco water also supports this “content ion,

River water concentratians of heavy metals and other elaments, though sig~
nificantiy elevated above prespill levels, were not high enough to suggest a
danger to human health. For the stations that were moanitored, many elemental
concentrations were below EPA drinking water standards even_immediatel after
the spill. Those concentrations. that exceeded the standards, with- the exception
&f selenium, returned .to levels below the EPA stardards soon after the spill,
Concentrations of arsenic, selenium, and zine exceeded the New Mexico drinking

.water standarde immediately postspill, but dropped to acceptable levels after 3

weeks., The data of Table 4 do not.represeat a detailed analysis of river water

-¢lemental concentrations; however, when these data are considered along with the
fact that‘Rio Puerco water 1s not used by residents of Church Roeck or Gallup
. for drinking or irrigation, they suggest little danger to human health. These

clemental concentrations have been and will continue to be monitored by the
NMELID.

Concentrations of radionuclides in water from wells.adjacent to the Rio
Puerco are not high encugh to suggest shallow aquifer contamination; however,
well water in the Church Rock area has been noted for itg high background levels
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of radionuclides. Eadie and Kaufmann (J) report a vange of 0.10~1,4C pCi/l

(x=0.35) for Ra-226 in Church Rock wells. A study of Navajo Reservation wells
initiated by the General Accounting Office in July 1979 reports Ra-226 concen-
trations vanging between 0.1 and 105 pCi/l,

Sediment concentrations are not normally regulated by NMEID, and baakground
levels were not measured before the UNC spill. Roessler et al (8) report ranges

of 18.1-96.6 pCi/g Ra=226 and 20.2-83.4 pCi/g U-238 for phosphate rock in

Florida (areas with naturally high-background radiation), while Tso et al (9)

report ranges of 0.60~1.53 pCi/g Ra-226 for natural radxoactzvxty in southeast-

ern tobacco soils. These concentrations, though measuved for soil in other

areas, suggest that Ra-226 levels did not exceed magnitudes recorded for high-
background areas in the United States, . -

Following the UNC spill, the NMEID ¢stablighed maximum permissible sediment - ® !

concentrations of Ra-226 and Th-230 for the purpose of cleanup operations., For |
Th-230, the NMEID employed the EPA methodology for determining site-specific
screening levels. This approach involves modeling sediment dynamics and esti-
mation of inhalation doses associated with environmental conceantrations., The
Th~230 cleanup concentration, set at 30 pCi/g inclusive of background levels,
was estimated to give an annual dose to bone of 25 mrem. The Ra-226 cleanup

level, set at 10 pCi/g, was calculated to give an annual dose to bone of 12

mrem. After the spill, sediment concentrations of Ra-226 dropped rapidly to

below cleanup levels at all stations (according to UNC data), while Th~230
concentrations remained elevated in certain sections for many monthks even after
efforts by UNC to remcove the contaminated sediment. Although Pb=210 and Po-210
concentrations in tailings liquid were comparatively high, sediment concentra-
tions of these radionuclides were not initially monitored, and cleanup criteria
were not established uocil Getober 1980,

Radionuclides deposited: in sediment c¢an give doses’ ko hurggns by inhalation
and ingestion toutes. Inhalation doses are predicted to be highest-in areas of
tailings deposition that have dried and been mechanically disrupted by wind and
the activities of humans or animals., The data for inhalation doses from all
tadionuclides combined sugges: that the inhalation exposure route provides less
cf .2 dose than does the ingestion route for all tissues except respiratory lymph

vodes {which are not considered to be particularly radiosensitive). If Th~230

is in its least soluble form (excretion class Y), comparatively high doses may -

be obtained from this radionuclide under conditions of high dust-loading. The
gomparatively large contribution of Th-230 to total inhalation dose indrcates

the importanmce of air monitoring in determining acute exposure .from tailings

during the days immediately following an environmental release.. . Since compara~

tively low concentrations -of Th~230 were measured in animal tigsues, the major

source of animal exposure was probably chrounic rather than. from_the_dust derived

from spill materials. However, kthe possibility of inhalation exposure and the _
tndesirability of radionuclide buildup in the Rio Puerco river system wake the -3
efforts to remove the spill-contaminated sediments.from the Bio Puerco well '
“founded, .Individuale in the Church Rock area might be able to yeduce their
yearly intake ¢f radicnuclides by aveiding the Rio Puerco banks during dey,
dusty.periods. . Areas kmawn to contain sediment with high radioguclide uonven*
trations might. also be 'marked to discourage public access.

The whole-hody counts and urinalyses of Church Rockwresxdentasmndxcata no X
acute radiation hazard-as a result of the UNC spill. The detected levels of !
total gross alpha counts and Ra-226 1in urine from 3 of the residents suggests
chroni¢ exposure from a region of high background radiation. Urinalysis for
Ra-226 1in New York residents indicates these subjects excrete approximately
one-tenth of the Ra~226 excreted by Church -Rock subjects (10). .However, daily
urinary excretion of Ra=226 in Brazilians living in areas of hxgh natural back-

..ground radiatioy (11} is similar to that of Church Reck residents,
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areas of the United States with high background radiation indicate urine con-
ecentrations of Ra-226 that are much higher than those from Church Rock Qig).
In light of these comparisons and the forementioned detection limits, we do
siot vecommend additional whole-body counting or urinalysis for radionuclides.

Concentrations of radionuclides in edible tissue of Church Rock animals
suggest that these animals were exposed to higher levels than the countrols from .
other areas. Four cows (2 exposed to mill tailings and 2 controls) from the B
Anaconda Mill area (approximately 10 miles northwest of Grants, New Mexico) had
concentrations of Ra-226, Pb-210, and Po 210 in edible tissue that were higher
than those measured in Church Rock cows but similar to the highest concentra~
tions detected in the Church Rock goats and sheep (13). Rabbits collected in
the Anaconda Mill area had edible tissue concentrations of Ra-226, Pb-210, and
Po-210 that were generally lower than those in Church Rock anxmals (13). Con-
centrations of Pb-210 and Po~210 in rural German cows {with no industrial expo- g
sure) indicate levels in liver similar to those in Church Rock cows and levels :
in kidney lower than those in Church Rock and control cows (14).

The animal radionuclide concentrations may be due to chronic exposurg Lo
radionuclides in the Rioc Puerco water, in soll, on vegetation, and in air, -
€Chronic exposure 1is supported by the fact that the cow from location A and the
sheep from location I (Fig. 2) had comparatively high radioouclide concentra-
tions in edible tissues, but were exposed to mine effluent rather than spill
materials. Since cows from Germany and the Anaconda Mill area had edible tissue
concentrations of radionuclides comparable with, or in excess of some Church
Bock exposed animals, such organ doses can result {rom exposure to radionuclides
iw soil and air alone. The tendency of bone radionuclide concentrations to
increase with animal age also suggests that Ra-226 and Po-210 :have been assimi~
lated chronically rather than from a short exposure #s a result._of the tailings
spill. Radionuclide uptake from chronic exposure is also supported by calcula-
tions that show annual dewatering effluent from Kerr~McGee and UNC mines (with
5 pCi/l of Ra-226) to contain an amount of Ra-226 similar to that released in
the spill of tailings liquid. Years of chronic exposure to dewatering effluent
therefore might lead to animal radionuclide levels that would exceed those
expected from the pulse of tailings liquid released in the spill,

Contrasting Ra=-226 concentrations with those of Po-210 and Pb~210 may pro-
vide insight Into routes of exposure, Comparatively low ratics.of Ra-226:Pb-210
or Ra-226:Po~210 suggest exposure from radon gas. Elevated ratios, on the other
hand, suggest inhalation or ingestion of Ra-226 from tailings or mine dewatering N
effluent. For Church Rock cows and sheep, the Ra=226:Po-210 ratios in bone N
exceed those for the controls, suggesting comparatively higher. levels of Ra-226
in the Church Roek environment. The Ra-226:Po-210 concentratien ratios for both
Church Rock and control cows exceed ratios veported for cows exposed only to
garanium will tailings at Amaconda but are considerably less than the ratios
veported for Anaconda rabbits exposed to mill tailings (13).  The Ra-226:Po-210
ratios calculated for Church Rock -sheep are similex to -those -for cows exposed
only to mill tailings.

The highest bone concentrations of Ra-226 were in-the cow exposed solely to
mine dewatering effluent snd the sheep that drank from a well_on the site of the
old Church Rock uranium mine. These 2 animals also had comparatively high bone
concentrations of Po-210--a finding which, along with the Ra—~226 levels, sug~
gests that chronic ingestion of mine dewatering effluents could lead ko the
radionuclide concentrations veported in Church Rock animals that drank from the
Rio Puerco. When the bone concentrations reported in cows exposed to Anaconda
Mill tailings (13) are expressed in terms of wet weight, these -animals are seen
to have lower Ra-226 concentrationg than the Church Rock animals that drank mine
dewatering-effluent, but higher conceutrarions than the Church Rock animals
axposed to Rio Puérco water after the spill. The bone concentratiops of Pb=210
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and Po-210 zare higher in Anaconda cows than in all Church Rock animals. This
comparison also suggests that the ingestion of mine dewatering effluent is an
important exposure route for the Church Rock animals. This exposure would be
expected to give higher levels of Ra-226 than of Pb-210 or Po-210. Exposure
via inhalation, on the other hand, would be expected to result 1in comparatively
elevated levels of radon daughters, as exhibited in the data for Anaconda
animals (13).

In spite of the support for the mine dewatering exposure route, the data
collected do not clearly identify the primary route by which Church Rock animals
were exposed. Analysis based on a comparison of Ra-226 concentrations with
those of other radionuclides may never be fruitful, in light of the fact that
the UNC and Kerr-McGee mines have been vemoving Ra-226 from dewatering effluent
over the past few years. GClarification of exposure routes is also hampered by
the absence of data for concentrations of Pb-210 and Po-210 in the dewatering
effluent of the 2 mines. More environmental and autopsy data are needed to
establish the extent of the ingestion and inhalation exposures. Quantification
of the inhalation pathway 1s particularly important because humans may receive
similar exposure, the doses from which should be added to those calculated for
animal 1ngestion to assess total radiation exposure.

Regardless of the route of exposure, the major contributlons to human inges-
tion dose come from Pb-210 and Po-210 and not from Ra-226. Current treatment of
mine water only removes Ra-226, and this radionuclide is usually diverted from
the human food chain by deposition in inedible bone in any case. 1In coasidering
efforts toward reduction of Pb-21Q0 and Po-210 in animals, the velative coutribu-~
tions to aanimal radionuclide burden of inhalation, of soil and water Lngestion,
and of foraging should first be clarified, Human intake from food crops or from
gating bone marrow should also be evaluated before decisions are made regarding
exposure reduction. ‘

The human ingestion doses’ that have been calculated for worst case condi-
tions are small in comparison with those cited In regulations _and guidelines
for radiation doses to the general public. The state of New Mexico and the NRC
currently use a modification of the recommendations of Committee II of the
International Commission on Radiological Protection (4,15). Both NMEID and ICRP
regulations specify MPCs above natural background for chronic ‘ingestion of all
fuel cycle radicnuclides. The state of New Mexico MPGs are set to limit doses
to gonads or blood-forming organs to 500 mrew/yr from all radionuclides provided
there is no exposure to above-background external radiation. When exposure is
from combinations of radionuclides, their separate concentrations must be
combined by equations to determine whether dose limits have been exceeded (4,
15). 1In terms of the regulations established by NRC and NMEID, no patterns of
antmal or organ consumption would result in more than 70% of the composite MPC
(assuming zero levels of background radiation), once the sepdrate MPCs for water
ingestion are modified to reflect meat ingestion.

However, the NMELID '‘may limit quantities of radiocactive materials released i
alr or-watev if it appears that daily intake of radioactive material frem air,
water, or food by a suitable sample of an exposed population group, avevaged
over a period not -exceeding .a year, would otherwise exceed-the daily intake
resulting from continous exposure te one=third:the MPC for radionuctides, sepa-
rately or in combination (4). This condition could result from the exclusive
ingestion of sheep kidney, sheep liver, or goat kidaey if background animal
concentrations are consideved to be zero, and anwmal radionuclide concentra-~
tions and ingestion rates are truly representative for the exposed Church Rock
population.

The Federal Radiation Council (FRC) estahlished radiation protection guides
(RPG) that were chosen to represent a balance between the requirements of health

‘protection and the beneficlal uses of radiation aad atomic enetBy.(l6). These
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guides were developed both for individuals and for average population exposure.
The FRC guides for doses above natuvral background to individuals are 1,500
mrem/yr to the thyroid; 500 mrem/yr to the bone marrow; and 1,500 mrem/yr to
the bone for radionuclides other than Ra~226, Chronic ingestion of 78 kg/yr
of either the organs or the animals with the highest concentrations of radio-
nuclides would not give doses that exceed these guides.

In contrast to the exposure guides for individuals, the FRG's RPG for aver-
age whole-body or bone marrow dose to a suitable sample of an exposed population
is 170 mrew/capita/yr. The population RPG for thyvoid or bone dose is 5Q0
mrem/yr. The FRC recommends these guidelines when evidence is insufficient
for the establishment of doses to individuals, a situation that currently exists
for the residents near the Rio Puerco. These guidelines could be exceeded by
50 years of continuous consumption of 78 kg/yr of sheep liver, goat kidney, or
sheep kidney, but only under the conditiouns that the highest concentrations of
radionuclides found in these anlmals are representative of the average ingestion
concentrations and that background doses are zero.. These conditions are
unlikely.

The FRC also provided a "graded scale of action" for ingested concentrations
of rvadionuclides that would result irn average doses below the RPGs. Only par-
ticular radionuclides are specified in these criteria, and Ra-226 is the only
radionuclide of relevance to the Church Rock data. Range 1I of the FRC guide-
lines suggests the need for quantitative surveillance and routine coatvol. For
Ra~226, Range II is 2-20 pg/d above background, which corresponds to annual
ingestion doses to bone of 50-500 mrem/yr. Accumulation of Range II quantities
of Ra-226 would be possible through ingestion of 78 kg/yr of cow kidney or pgoat
muscle alone or by the consumption of goat organs im proportion te their per-
centage of total edible hody weight. The daily coasumption of 0.21 kg of goat
muscle by adults would result in doses that would equal.the_ upper- limit of Rzage
LI, if the goat with the highest muscle concentration of Ra-226 were representa~
tive of the goat herds in the Church Rock area. This 1s probably not the case,
as the highest goat muscle concentration of Ra-226 exceeds concentrations of
this radionuclide in all other samples by at least a factor of 9.

The FRC recommendations for Raange II quantities include efforts tu limit
environmental release, to provide accurate estimation of population-exposure and
its variation with time and location, and to monitor the detection of sharply
rising ingestion doses. These recommendations also emphasize the need to deter-
wine methods of dose reduction for the segments of a given populaticn that are
most likely to receive the highest doses,

The EPA has adopted regulations {40 CFR:190) (17) for the uranium fuel ecycle
that will apply to uranium.mills (but not mines) begirnning Decewmber 1, 1980,
These regulations pertain to the exposutre of the general public-as a result of
planned discharges of all radionuclides with the exception of radon and its
daughters. The dose limits for these counditions are annual 50-yr dose equiva-
lents of 25 mrem to the whole body, 75 mrem to the thyroid, and 25 mrem to any
other organ for any member of thm public.: The.dose limits are.not applicable
to the exposure at Church Rock for a unumber of reasons:. . exXposure via animal

ingestion appears to be in part- from mine-releascs; sany exposure from the mill

tarlings spill would be exempted because. of the accidental. nature of the re-
leasg; and the radionuclides responsible for the largest human doses (the radoa
daughters Pb-210 and Po-210) are excluded from the regulatiom,

In light of the above regulations, persons whose meat consumption comes from
the exclusive ingestion of goat; of goat, sheep, ov cow kidney; or of sheep
liver could receive organ doses exceeding some guidelines. The- fact that pre=
mining background levels of radionuclides were never measured obviously creates
a dilemma. However, even if background levels for animal tissues are coansidered
Lo be zero, the calculated iugestion doses-would not result in violations of
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. being violated,

existing state laws,

Since the butchering of local animals would typically re-
sult in consumption of animal organs in proportion to their coantribution to the
edible weight of the animal, it is unlikely that many, if any, local residents
have ingested quantities of radionuclides that have exceedad the guidelines.
However, these judgments are based on data from a small number of exposed Church
Rock animals that may not be representative of the entire livestock populatien.
The doses calculated are consistent with levels that deserve additional monitor-
ing and investigation. Until such monitoring provides further information,
local residents should be given complete and clear explanations of these data

and be informed of methods by which they can minimize their exposure to eaviron-
wmental radionuclides.

Because animal kidney and liver samples contain the highest levels of radio- .

nuclides in edible tissues, human exposure can be reduced by minimizing the
consumption of these organs. One goat contained high muscle concentrations of
Ra-226 without showing similar elevations im muscle Pb-210 and Po—2l0 or ia bone
Ra-226. We are reluctant to recommend that goat meat not be consumed on the
basis of such scant information that might have resulted from a sampling or
laborvatory error. Obviously, the evaluation of radionuclide concentrations in
goats deserves lumediate attention., Reducing human consumption of goat muscle
would be consistent with our recommendatiems regarding kidney and liver, but
this recommendation differs from the former in terms of supporting data. If

new data suggest high concentrations of Ra—-226 in goat muscle, then we would
certainly recommend reduced consumption.

RECOMMENDATIONS

1. Since the .clarification of the human health effects of :the UNC spill
took many months; we . support efforts by all governmental agencies to improve
emergency response ¢apabilities., Because tt 1s diffireult for the public to be
fully and continuously .informed, we reccwmend that representatives of residents
from the arca affected by a uranium fuel ¢ycle accident, as well as nongovern-
mental scientists, be invited to participate in all delzberatlons over meact
analysis.

2. To eunhance New Mexico's efforts te clarify background radiation levels
and to improve its capacity for responding to radiation emergencles, We recom—
mend the expansion of the analytical capabilities of the state laboratory re-
sponsible for radionuclide analysis of environmental samples.

3. Much insight into proper approaches to assessing health .and environ~
mental impacts of uranium mill accidents has been -accumulated through the
experience of the UNC spill. This insight should be incorporated into plans
for response to future mine and mill accidents by all governmental agencies
concerned.

4, Rational efforts to limit cadxonucllde doses to Chuvch.Reck residents
depend on clarification of average animal radionuclide concentrafions and of
exposure routes of. livestock eaten by the general population. ‘To.this end, we

recommend that a surveillance program be established for radionualide concen
trations in Church Rock animals.

5. Although current regulations concerning radionuclides ig. animals are not

the health risks of low-dose radiatioun are not Cempletely kuowa.
We recommend that Church Rock residents be  informed of ways to .decrease their
exposure to radionuclides, unot eating liver and kidney -0f local .animals, not
drinking well water koown to coatain high background levels of radionuclides;
aand gvgiding the banks of the Rio Puerco when the banks are dry and dusty.

Since most state regulations are based on elevations of radionuclide
concentrations abave background levels, we support further .study of such
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_excretion patteras of maturally: occurring vodium-226 in humans. Radiation
-Research.4973:56:354-69.

. ro M. .Penna FE; Aimeida JG, Recker J, Emmerich TL, Reser FX, Kegel G,
.-Kainsherger”L Cullen TL, Petrow H, Drew RT, Fisenbud M,

(19655 11:699-712,

-natural padium of their environment. In:

background concentrations in air, watev, and food near all uranium fuel eycle b
facilities,

7. -
mine and mill discharpes 1is very small, and the human doses from these expasures

The size of the human populiation exposed to the UNC spill and to routine

are comparatively low. Theseé 2 conditions make epidemiologic studies of mor-
tality and morbidity insensibtive in detecting possible health cousequences of
radiation exposure (18,19,20). We therefore think that a cancer vegistry for

Church Rock residents alone would be of no scientific value inm attempting to
alleviate their concerns,
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~and couated for: 990 min...

e

APPENDIX |

Methods for Human in vivo
Radionuclide Analysis

The gamma spectroscopy counting system used for whole~body counting was
housed in a low-background chawmber and included the following arrangement of
equipment., Twin phoswich detectors {each composed of a sandwich of sodium and
potassium iodide phosphors) were placed on the chest region for monitoring low
energy photon emitters such as uranium, thorium, and their daughters. A Csl
detector was placed over the chest region to wonitor the move energetic photons
from such emitters as K-40, Cs—137, uranium, thorium, and their daughters. A
hyper-pure germanium (HpGe) detector was placed over the liver region for moni~
toring low-energy photon emitters of the uranium decay series. A large-volume
lithium drifted germanium [Ge(Li)] detecteor was placed under the subject to
monitor the whole-body radiation from energetic photon emitters of the uranium
decay series, K~40 and Cs-~137.

Urine samples were assayed by the Los Alamos Scientific Laboratory (LASL)
for gross alpha, beta, and gamma activity. Gross gamma activity was wmeasured
with a &" x 4" Nal detector over au energy range of 0-2.0 MeV. For each indi-
vidual, the entire spot durine sawmple was counted and a 400-cc aliquot of the
24~hour collection was assayed. Each gsample was counted for 2,000 s. Gross
beta activity was measured with a 2r windowless gas flow proportional counter,
using planchets plated with 0.5 cc_aliquots of sample. An energy range of
0.167-1.7 HMeV was examined for a counting time of 60 min, with a counting ef-
ficiency of 61%-71%, Gross alpha activity was measuced by packaging the same
planchet samples with a ZnS-coated mylar filw and counting with a scintillation
counter, at .an efficiency of 49.4 # 1.1%-for 1,000 min.

Uranium was analyzed by- nentron acutvatlon and delayed ncsutvon- counting of
U~235 1n 25~cc alxquots of each urine sample at- the LASL Omega West Reactor
Facility, Thorium was-analyzed colorimetricslly and radiometrically using
200-mi aliquots ef the 24~hour urine samples. The colorimetric method employed
arsenazo~1Il dye as a chromagen for-thorium, - The radiometric¢ analysis iavolved
precipitation of metals from aliquots (125-300 cc). of urine from 4 individuals
by the oxalate method, 1ion exchange, and subsequent electroplating-onte stain-
less steel planchets.,  Misplacement of urine. samples resulted in inadequate
volume for 2 individuals. The sawples from Church Rock subjects were compared
with control samples composed of pooled urvine from LASL. employees aot exposed
o vadienuclides and with a solution spiked with Th-230-and decay products of
the Th~232 servies. The. planchets were counted in the: alpha seinkillation sys-
tem described previously. After alphe scintillation amalysis, planchets were
cpunted for 1,212 min in.an alpha spectrometer gated for 2,9-7.3 MeV uin order
to pick up Th~230 and the Th-232. series (excluding Po-212).

- The 24-hour drine samples:were alse analyzed- for radium—226 using & de-ema-
aation technigue.  Aliquots of 200 ¢s were aliowed to sit for 32 days to permit
equil ibrium between vadium-226 und vadon-222.- The .radon=222 was then isolated

JAliquots- of the 24~hour uring samples were also ana-

iyzed for elemenkal lead: and gadmiym. by atonic &bsarptlcn spectrophutometyy &t
the LASL facility.
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APPENDIX 2

Methods for Detecting
Radionuclides in Animal Samples

acid. Sawples of bone were also boiled jin I
late the leaching that would t

€ preparation
w£ soup. After the destruction of organic material,

samples were treated with
hydrofluoric acid to dissolve and voiariligze §Llicates and then treated with
hydrochloric acid. Samples were split into 2 equal fractions for sequential

uranium, polonium, and thorium separation by anion exchange and for sequent 1gl -
radivm and irgn separation by precipitat jon techaiques. Before decomposition,
all samples were spiked with both U-232, Po~208, and Th~234 tracers and a stable

lead carrier to determine the chemical recoveries of these elements in the sepa-
ration procedures.

paration each ssmple was diluted with 9 HCl and
passed through an anioen exchange column which removed uranium and polonium,
Absorbed iron was eluted with HI, and uranium and polonium were sequentially
eluted with dilute HG! and concentrated HNOS , respectively, The original

eluate (containing thorium) was 4ilyted with 7M HNO3 - and passed through the

column again to:remove the thorium. The thorium was then eluted with 94 Hel,

© Yhe uranium and thorium fractions - were convert

= rted ta sulfstes aud -glectroplated
on stainless gteel discs. The polonium fraction was converted te its chloride

salt and Spontaneously plated on 3 nickel disc. The 3 discs were counted on an

alpha spectrometer to measure U~234, y-235, U~238,_Th~230, Th-232, Po-210, and
the U-232 and Po-208 tracers, Thoriuym recovery was determined by beta counting
for Th~234,

Radium=226 .and Pb-210 were separated b
presence of HCl and then precipitat ing PbSO, after removing the chloride’
anton by evaporation. The concentration of Ra=226 was determi
cal emanation technique., Lead=210 yas determined by allowing its Po=210 daugh-
ter to ingrow for a period of approximately 3 months, folloved by spontaneous
plating of the polonium on a nickel disc and analysis by alpha spectrometry,
For Pb-210 analysis, the lead recovery was determined by atomic absorption
analysis of the added lead carrier, and’ the recovery of the ingrown polonium

Was determined by measuring a second Po-208 spike added at the time the Yb-210
was isvlated,

Y815 can be -estimated from the
teagent blank analyses .performed during this 8tudy.  These limits, which appear

below, are expressed on per sample, per 100 g tissue, and per 5 g bone bases.,
Results belaw thege limits should not be considered.significant .

Church Roclk, New Mexico, 1979

Per sample 100 2 tissue

5 g bone
. Lpcy) LPCi/kg) {pCi/kg)
U, Th 0.03 0.3 6
Po 0.3 3 . 60
Pb ! 10 o 200
Ra 0.3 3 60
31
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‘; APPENDIX 3
i e
Uncorrected® Radionuclide Concentrations in Samples of &
Edible Animal Organa, Church Rock, New Mexico, 1979 L
\ 5 ¢ 7 Radionuclide Concentvation (Egi/kg)d ) ) . ,
\ Aninal Organ  Location U=238 U~239 V=236 Th-132 Tn-230 Ra-226  Pb—210  Po-2il
| Cox ,
Exposed Muscle J 0.29% 0% 0.62, 0® 0.11%, 0.61 1.7 8.0
Expoaed Muscle A 0.0017 0.040e 0.17 0.047 0.09%4 0.91E 2.6 1.0
Control Kuscle 0 0.13% 0.025 0.41° 0.067° 0.23 0.17 2.1 3.9
Control  Cube Steak’ P 0.19°  0.044 0.46 6,039 0.06° 0.65 2.6 4.5
Exposed Liver J 3.6 0.027 3.6 0.015° 0.42 0.39 12.0 (57.0
Exposed Liver A 4.3 .14~ 4.3 0.14 1.7 Lo | 50.0 135.0
Control=1 L.iver 0 0.38 0.02% 0.058 9.19 e 0.18 0.37 7.9 3n.0
Coatrol-28  Liver 0 0.29 0.13 7 0.54 0,067, 1o 0.68 14.0 26.0
Exposed Kidney J 11,0 0.21 11.0 0.33 0.43 8.0 63.0 265.0
Exposed Kidaney A 3.7 0.29 3.1 0.042°% 3.2 11,0 135.0 §55.0
Control Kidney o 0.13¢ ¢.029° 0.073¢ 0.15 0.22 0.45% 51.0  160.0
Exposed  Bone (Soup)t & 0.027¢  0.0° 0.0069¢  0.0072° 0,012° 1.8 2.0 D85
Exposed  Bone (Soup) J 0.035 0.0066 © 0.0621° 0.0040° 0.020° 0.27 1.9 -0.54
Control  Bone (Soup) O 0.016%  0.0022° 0.0065°  06.015°¢ 0.068 0.16 1.1 0.55
Sheep
Exposed Huscle P 0.51e O.Ihee 0.89 U.42 0.40 1.0 14.0 4.0
Exposed Huscle D 0‘36e 0.030e 0.76 e 0.2% 0.41 e 1.9 41.0, 14.0
% Exposed Muscle K 9.21 0.062 0.099 0.0 0.088 0.23¢ 1.4 1.4
Expoged Muacle X 0.152 0.013° 0.43 . 0.17 a 0.23 2.4 e 3.3 2.8
E Concrol=11  Muscle 0 0.19 6.0° 8.21,  0.015 0.031 6.17 2.0 2.4
| Control-2  Muscle 0 0.13 0.011 0.15 0.0¢ 6.20 . 0.38°% 1.9 2.1
; Exposed Liver D 2.2 0.23° 2.1 - 0.23° 1.2 Lo 12.0 308.0 53.0
; gxposed - Liver . 4 2.0 - 0.053° 2.1 - 0.0° 2.1 L1y 49.0 30.0
, Exposedd ¢ Liver - 1 1.7 0.14°_ 1.5 . fh.010° 0.20, . 31 0.94 . 32,0 18.0
; tcacroi=11 . Liver C . 0.8, 0.06I7 . 046 203 30t 3t L o 310 29.0 |
" Contvol-2 . Liver . o 0.9 6029 < 0.30 ~.0.0/8 1022 o 0,36 0 40.0 32.0 :
Uxposed Kidney D H.h ©0.21° 5.3 1,0 - 6.8 - 9.6 . 0.0 4663.0 A
Bxposed Kidney 14 0.0% - ¢.0°¢ 3.4 * 0.14° 7.3 . 6,0 84,0 159.0
Exposed * Kidney 1 3.2 D 0.48F 2.8 2.2 7.0 S Y £7.0 217.0
Control-1J Kidney o 0.93 0.058 © 1.2 0.38 0.77 3.6 167.0  201.0 e
: Costrol-2  Kidney o 0.73 9.15 © 0.83 . 0.63° . 4.2 4.2 3re wzo | K
1 Goszt ' fé[
‘ ‘Expozed Huscle E 0.96 ) 0,0112 - 1.3 = 0,20 0.99 * 3.0 S.3k' 10.0 '
‘Exposed . Huscle’ L. 0.76 0.042 r 1.2 ¢ 0.16 0.52 . 95.0 6.3 12.0
_Bxposed  ° Liver 1. ¢.80%  0.067° 0.60%  10.36 1z 093%  am.o 6.0
| Zxposed © Kidney L . 1.4 0.48 0.77 1.6 0.81 ... 1.8 : 325.0 545.0 !
‘_ Reagent Blank x(n=2) 0,017 . 0,005 0.020 0.247 1,450 v. 0.290 6.006 v.0l0 ..
: EConcentrations based on.gress counte without subtraction of veagent blanke
! bExposed animala taken from herds known Lo water at Rio Puerco or pipeline arrvoyo; control animals taken from - -
r- ateas distant from Rio Pu-srco B
CLocation on Figure 2; O*control animal from area-not on map; Pocube.steek from Las Vegas warker; note that -
{ location A is above.th: UNC dam buk dovostream from. dewateving-effluent of UNC, and- Revr-HeGee mines, -
] dConcentrations bused oa wet 'weight 3
\ ! Cgstimated 3,29 argma counting: evroz .is greater than or .eéqual Lo caleulszted concenivacion. A
| . faverage batween 2 samples 1§,
| - RDuplicate sgample o
¢ Bynite of pCifsoup eample of approximately 1.5 L -~
X fAn{mal exposed.primarily to-vell water from old Church Rock uraniva mine lé
<Sheep from area not axposed tuChurch Reck uranium mining and milling effluent, but noted fox. reportedly high j
: levels of background radiation 2
\ K3ample lost; Pb-2l0 cancentratise estimated frow Pb~210:Pou210 .ratia from appropriate organ ‘ lf}
i ,_.A'
k-
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An:malb

o
Exposed
Expceed
Gontrol
Concrol
Exposed
Expoged
Goatrol=]

Control-2

Expoased
Exposed
Centrol
Exposed
Exposed
Control

Sheep

Exposed
Exposed
Exposed
Exposed L

Ccntrol*lj
- Gontrol=~2

" Exposed
.Expesed
.Exposed L
" Control-!
.Control-2
Exposed
Exposed
Exposed 1

Contrel-1 J

Contral-2

- Expoged
Exposced
" Expoaed
" Exposed

- Hg

oncentracions bssed on. grosa tounts
Expcsed animals taken from herds know
Steas distant from Rio Pusrco
€Location on Figure 2;- O
location A is above the
Conceatrations. based on yer wvatg
Saverage between 2 samples

Corrected? Radion
Edible Animal Org

uclide Concentrations in Sauples of
ans, Church Rock, New Hexica, 1979

Radionuclide Concentrati

d
on {pCi/ke)

APPEXDIX 4

Duplicate ssuple

BUnits of pCifssup sample of a
.Gample loat; Pb-210 concentra

reportedly high levels of backgroy

pproximately 1.5 |

rch Rock ursaium mining an
nd radiation

with rsagent blanks subtractad
N Lo water at Rio Puerco or

_ . 2 . .
Organ Location U-234 Th-232 Ra-226 Pb-716 — Po-210
Huscle J 0.21 0.00 0.40 Q.00 0.02 0.00 0.00 6.64
Husele A 0.00 0.01 0.15 0.00 0.00 0.00 0.00  15.56
Huscle 0 0.05 0.00 0.39 0.0? G.14 0.00 0.00 2,57
Cube Steak® p 0.12 0.02 0.44 0.060 0.00 0.00 0.00 3.21
Liver J 3.52 0.00 3.58 0.00 0.33 0.00 5.4 55,69
Liver A 442 0.11 4,28 0.10 1.61 0.80 43.53 133,71
Liver o 0.30 0.00 0.04 0.14 0.09 0.00 1.12 28,65
Liver 0 0.21 0.10 0.52 0.02 0.91 0.00 7.56 24,71
Kidney J 0.92 10.18 10.98 0.28 0.34 6.85 56.22 263 .u¢
Kidney A 3.63 0.25 3.08 0.00 3.1 9.92 128.67  653.73
Kidney 0 0.0 8.00 9.05 0.10 0.12 0.00 43.66 13853
Bone (Soup)B 4 0.01 0.00 0.00 0.00 0.00 1.55 0.55 Q.57
Bove (Soup) J 0.02 0.00 0.02 0.00 0.00 0.02 0,45 0.25
Bome (Soup) 0O .00 0.00 0.00 ¢.01 0.05 0.00 0.00 0.26
Kuscle F 0.39 0.10 .88 0.35 .00 - 4,14 12.03
Muscle B 0.18 0.00 0.71 0.10 0.00 25.57 10.92
Muscle X 0.13 0.04 0.08 0.00 10,00 0.00" 9.1y
Kuscle 1 0.07 6.00 0.41 0.13 1,28 - 0.00 1.49
¥uscle 0 6.12 0.00 8.19 0.00 6.00 6.00 £.25
Husele 0 ¢.06 - 0.00 0.13 0.00 6.00 600 0.83
I Liver b ~2.04 Q.17 2.05 G.13 . 9.60 293,92 50.18
Liver E . 1.93 . 0.03 2.08 . D.00 G.37:- 4296  ug.79
Liver r - 1,83 0.12 1.48 . 0°.00 0.00;- 9415 16.43
Liver ) 0.41 8.02 0.44 0.09 0.05, 46,83 97,77
Liver ) 0.21 0.00 0.28 0.04 0.00: 34,06  3p.81
Kidney D 4,03 0.08 5.19 0.78 4.23 MB.48 456,70
Kidney K 0.00 0.00 1.31 0.00 1.59, Z28.11  153.82
Kidney 1 3.03 0.42 2.75 2.10 6.68 72,20 224.04
Ridney 0 0.62 0.00 1.11 0.20 0.09. 80.15 195,63
Kidney 0 . 0.52 0.08 0.82 - 0.5 Yolle. 18.88  168.38
‘ .
Mugcle 1.27 .15 .12 0.00 14,50
Muscle . 1.13 0.02 92.67 - 0.00  8.03
Liver 0.53 6.22 : 0.00. 206,29  ¥1.86
Ridney . 0.59 1.23 ; 8.00 671,30

538 .26

pipeline arroyo] con.rol anymals taken from

Pe¢ube. steak frowm Lags Ye
swatering effluent of-UNC aed Ke

210 rato frosc sppropriace argan
urantum mine

d milling effluent, but noted for

&8 warket; note chat
ri-licGee minas,
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APPENDIX

!
.

I H . P ' " ' . L]
‘ ' Heavy Metal Concentrat ions® jq Animals Exposed to Tailings Spill,
i t Church Reck; Hew Mexico, 1979
¢ ¢ . ¥ .

Tissge Lacu.tionﬁ .Y As Ba Cd Pb Mo

Skin & Wood
Muscle i
Liver
Kidney

IBI aod

1,398 .06 9.65  13.67 0.02
110002 <o.16 <202 <o ol
2.07  <0.10  <2.00 <a.4l
i6.69 6.15  <2.00 0.13
<5.00 0.18  <2.60  <c.of

2,070.00 1.66 42,88 - g_gs
1,398.00 0.49  <2.00 2.00
- 143 <010 <2.00 <p.gy
<5.00  <0.10  <z2.00 0.11
7.63 0.11  <2.00 0.53
<5.00 0.14  <2.00  <g.01

Skia & Wool
Skin & Wool
Husagle ¢ .,
Liver
Kidney
Bload

L
i
L
L
L.
D
D
-+
b
D
b

AT concentrations im pgfg wer weight
See Figure 2
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