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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-
nated with radioactive uranium, thorium, radium, lead, and
polonium- Subsequent evaluation of 6 Navajos potentially
exposed to the materials spilled in the Rio Puerco River
showed them to have no detectable increase in radioactivity
by whole-body counting and no increase in urinary radio-
nuclides*

Since food-chain analysis is a more sensitive indicator
of possible radiation dose, 8 local and 3 control animals
were aufcopsied to determine radionuclide concentrations in
edible tissues. Calculations indicate that human doses
which would result from consumption of such animals would
be higher from local than from control animals; however,
the data also suggest chat exposure from chronic ingest ion
of uranium mine dewatering effluent may be responsible for

the elevated radionuclide concentrations found in tissue of
local animals. Even though no state or federal regulations
were violated, radionuclide concentrations found in animals
and calculated human ingestion doses fell in a range Chat
justifies both further surveillance of radionuclides in
animals and the natural environment and further efforts to
reduce the amount of radiation Co which humans and animals
are exposed, Navajos in the area have been advised that.
theiT exposure Co radionuclides may be reduced by not eat^ -
ing kidney and liver from local animals.

INTRODUCTION f

Early on the morning of July 1 6 , 1979, there was a breach in the earthen
retaining dam o£ one of the tailings ponds of the United Nuclear Corporation's
(UNC) Church Rock uranium mill. The water (approximately 94 million gallons o£
acidified effluent) and tailings slurry (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 Galiup, Mew
Mexico, and eventually crosses the Mew Mexico-Arizona border. On its way to
Galiup, 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,
fhe 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 1 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 ,?).

The New Mexico Environmental Improvement Division (NMEID) was notified of
the daa 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 contaminatAon, resi-
dents along the river were asked Co keep themselves, their children, and their
animals away from the Rio Puerco and the contaminated arroyos.

On August 6, 1979 , the Center for Disease Control was contacted by Philip /-
J. Landrigan, M.D., National Institute for Occupational Safety and Health,
regarding the concerns of an IHS physician, George Winterer, M.D. Dr. Winterer
thought Chat 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 situation, contacting
the Environmental Analysis Division of the ERA in Region VI, the NMEXD, the
IHS, and the Bureau of Radiologic Health of the Food and Drug Administration.
The NMEXD subsequently requested CDC assistance to clarify the possible radia-
tion exposure to humans as a result of the spill. On August 16 , ^CDC personnel
from the Chronic Diseases Division (Henry Falk, M.D., Kathleen Kreiss, M.D.,
A. James Ruttenber, Ph.D»,"and Erica Schiffman, epidemiology-elective student)
tenet with officials from the IHS and the New Mexico Health and Environment De*
partment . This group subsequently went to Galiup 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 unnalysis for
radionuclides. CDC researchers also reviewed the exposure histories of animals
purchased by IHS for autopsy and radionuclide analysis, and they studied
environmental'data- . . . . • • '

<J

BACKGROUND

In 1977 the United Nuclear Corporation opened its Church Rock uranium mill
in an area adjacent Co land belonging to the Navajo tribe. The mill, which is
next to the previously existing UNC Church Rock mine, is located approximately
10 miles northeast of.GalIup, New Mexico, on state road 566 (Figure 1 ) . Galiup,,
a town of 18,000 people, is fcKe closest population center. The region surround-
ing the plant atfce is sparsely populated by Navajo^ 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 ore, deposit"*
ins the acidified tailings slurry in a series of 3 holding ponds, each of
earthen construction. The tailings ponds are located along the pipeline arroyo
that: feeds into the Rio Puerco River approximately 1 .5 miles from the southern-
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 £rom the plant site after heavy-rains may deliver
radionuclides to Ehe arroyo-river system, however. Percolation of tailings
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TABLE 1
Comparison of Radionuclide Concentratio^8a in United Nuclear Corporation (UNC)

Tailings Liquid and River Water» Church Rock, New Mexic'o, 1979

Taili-ngs Liquid Water Sample from River Water in Bodies of
Concentration'3 UNO Tailings Por^ Concentratia^ Solublfi

5.4x103 3.9KI03 1 ——— 4.0K104

5.4xl03 . ——- ——— 3.0xl04

1.5x105 9.3xl04 4.8K104 2.0x103

4.0K?02 1.3xl02 5.5xl02 3.0KI01

4,Qxl02 • 7.9xI02 1.3xl03 1.0X102

• 4.0x502 2.2x103 1.3xl03 7.0xl02

4-OxlO2 . —— ——— 4.0xl04

"—— —— —— 4.0xl04

——— ——— I.3x^04 5.9xl04

• • i . .

ns in pCi/1 above natural background unless otherwise specified

7. P^)-
leeted on 8/1/79 and analyzed by New Mexico Environmental Improvement Division

samples analyzed for Kew Mexico Environmental Improvement Division and UNC
with respect to physiologic fluids; US^RC MFCs are identical to state MPCs.

'

•: ' ' ' ' '•'
i• i

.. -<W ^* J.̂ lM»«.f̂ <^

Watere

Insoluble

4.0xl04

3,0xl04

3.0xl04

3.0xl04

2.0xI05

3,0xl04

4-OxlO4

4.0xl04

5.9xl04

^

(MPC)

•

^^^^•A

•

- -.-

^
i

•

!
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TABLE 2
Nonradioacti^e Constituents of Uranium Mill Tailings Liquid,

Church Rock, New Mexico, 1979

Typical Mil^
Constituent: (mg/1)

UNC Mi lib
_(_n-.g/l)

Aluminum
Ammonia
Arsenic
Barium
Calcium
Carbonate
Cadmium
Chloride
Copper
Fluoride
Iron
Lead
Manganese
Mercury
Molybdenum
Selenium
Sodium
Sulfate
Uranium
Vanadium
Zinc
Total Disolved Solids
pH

0.0
500
0.20

500

0.20
300
50.0
5.00
1.0x103
7.00
500
0.07
100
20.0
200
3xl04

0.10
80.0
3.5xl04

2

1-22
0.29

OJ1

1.56

<0.5x10-3
2.30
0.53

11.25
46 ̂
'7.22

a(^ Vol. I, Sec. 5, P. 6)

^Representative grab sample from UNC tailings pond, analyzed
by Hew Mexico Environmental Improvement Division

liquid through the underlying substrate and into the regional shallow aquifer
has been suggested as a plausible source of contamination, but has not been
adequately evaluated (3). UNC has also continuously released mine dcwatering
effluent into the pipeline arroyo at a rate of 1»400 gallons per minute since
1968. Before 1975 this effluent was not treated; after 1975 it; received precip-
itation treatment for removal of Ra-226,

Radionuclides are also released into the river system through the dewatering
of the KerJ-McGee uranium mine located 1 mile north o£ the UNC mill (Figure 1 ) ,
During usual mining operations^ approximately 3^600 gallons per minuee are
released info Ehe pipeline arroyo and subsequently to the Rio' Puerco, The con- •
£inuous release of devatering effluent began in January 1972 , and—along with
Ehe UNC raine effluent—-was responsible for transforming the downstream portion
of the Rxo Puerco from a sporadically dry riverbed into a continuously flowing
stream. Radionuclides in dewatering effluent from both mines have contributed
to the current: levels of background radiation along the river system. The
Kerr-McOee mine began Ra-226 precipitation treatment of its dewatering releases
in 1974, but NM£;£D data indicate that treatment has been incomplete on many
occasions.

The monitoring and regulation of the UNC mill falls under the jurisdiction
of the NMEID by.agreement with the MRC. As partial fulfillment of its license
agreement, UNC is required to monitor radiortuclides and other chemicals in river

4
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water and plant: effluent:. NMEID also routinely monitors these parameters in
samples from local wells and from the Rio Puerco downstream from the plant site.
Because the Kerr-McGee mine is not associated with a mill, its effluent is not
regulated by NMEID, but by the EPA. However, EPA's attempt to regulate releases
has been contested in court since 1974, and Kerr-McGee has treated its 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 dewalenng effluent are in
progress.

Fig. f LOCATION OF UNITED NUCLEAR CORPORATION (UNO MINE AND MILL,
NEW MEXICO, 1979
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METHODS
• ti '

Water _Ho"itoring

Immediately after the tailings dam breach, the NMEID began a program of
environmental monitoring to determine the extent of corttaminati.oyi by tfidionu-
elides, heavy metals, and.other chemical compounds ( 2 ) < Surface water sample
sites were located along the Rio Puerco River and its fc/ibutary arroyos
(Figure 2). Similar locations wre. also chosen by UNC personnel. Both UNO
and HMEID periodically collected samples from river water, -sediment, and so^.
along the river bank between July 16 and August 24^ 1979. NMEIt) and the ZHS
sampled water from public wells located wuhin 200 fact of the Rio Puerco and
NMEID sampled from 5 shallow test wells on the Rio Puerco bank. HMEID samples
of river and well water were filtered through a (L45p filter and acidified.
Water in stagnant pools Chat were isolated from the main .channel-was processed
in 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 in-stals were per-
formed by the Eberline Instrument Corporation (EIC)> Albuquerque, New Mexico.

soil

r

1 . ,.•.*••'• }*'?*'»' t,-. ,-,.,t».'-7.., . .
•..^.^3S^&dS»^SSS^Si
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Fig. E ENVIRONMENTAL AND BiOLOGtCAL SAMPLE SETES,
CHURCH ROCK, NEW MEXICO. (979
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River SedmenC Monitoring
Several groups (NHEID, EPA, NRC, and. UNC) performed surveys o£ soils and

sediments to evaluate the extent of tailings slurry deposition and river water
leaching into river substrates, the first set of samples (July 1 9 - 2 1 , 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 flowing water and
from sites along the first terrace above the active riverbed. Samples of crys-
talline precipitates were also taken from isolated pools adjacent to the active
riverbed. Ail samples were analyzed for long-lived radionuclides Ln the U-238
decay series by either the EPA Las Vegas Laboratory (Field Studies Branch,
Off ice of Radiation Programs) or the U.S. Department of Energy's Radiological
and Environmental Sciences Laboratory at the Idaho National Engineering Labora-
tory.

Another set of soil samples was taken by the NMEID (July 31-August 2) from
3 stations between Ehe UNC mill and Gallup. Sediment was collected in 4-foot
cores from a variety of streambed and terrace locations. The cores were sepa-
rated into 1-foot sections and analyzed for Th-230, Ra-226, Pb-210, and U-nat.
One core saropl-s was analyzed by the EIC laboratory, and the other samples were
processed in 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 UNC and NMEID personnel. Composite surface soil samples from the
first and second terraces above the active riverbed were collected at 1,000-foot
intervals from the UNC 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 spill)
were taken from sites bO to.100 yards from the -riverbed,. .^.coifl;.€he pipeline
arroyc above the .ZINC mill, and from the Rxo Puerco-rpsLreaur €&'6ra the pipeline
arroyo. All sediment san*plcs collected by UNC.and NMEID were analyzed by
Battel le Paci f ic-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.
Rio Puerco between the mill site and Navajo, Arizona* Sediment samples were
removed from the first and second terraces, areas suspected of contamination,
and background locations,

r «.,*

A iTMoriltoring
Airborne parCiculafces were collected for radionuclids analysis wich a high-

volume air sampler by NMEID, The sampler, located on a bank of the Rs.o Puerco
aear Gallup, New Mexico (Figure 2), was .operated continuously between August. 22
^nd SepCember^S, 1979, and between November 2 1 , 1979, and January 4, 1980.
Analysis of the filters (99.92 efficient at 0.3u) was performed for U-nat,
th-230, Ra-226, pb—,10, and Po-"2i0 by EIC and NMSLD Laboratories, MME£D also
collected a single 7-hour sample with a cascade impacfcor Eo measure fcht.; particle
^ize. distribute ton o.f the airborne pai-fcl'culaCes. The corrected :50^ efficiency
eutoff for pare icie size in the 4 stages was 1 7 , O p , 6,9p, 4<5us :•a^ 3 *3u» and it
%?as 0.3u xn the backup glass fiber filter- The cascade impactoc air sample was
taken from a location downwind from a UNC cleanup crew chat-was working in the
^inedale Bridge area near station.6 (Figure 2).

Assessment of Human Kxposure
•H^W-- '' ll"" . • l Tt ll •• _ r I.——- . — — U ' — — i i - _i _ _ - •1 ,L . _ _

To clarify the extent of danger the tailings spill posed £o humans, we^-
together with the Church ^ock Action CommUtee and ths Navajo Tn-bal Task Force
on Radiation, which were conducting a survey of all residents and livestock, near
the contaminated waccrvays" selected 6 Mavajos for in vivo assessment of radio-
nuclide concenfcracions. No human, consumption of river water was documented, af.
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most. residents used water hauled from wells nearby. It was concluded, there-
fore, that acute human exposure to spill materials would come pri.mari.iy from in- i

haling part iculatcs 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
Rock community were used to select individuals who were most: likely to have been
exposed to the tailings contamination. Six persons underwent 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 count- r

ing. the residences of the subjects are marked in Figure 2. A description of
whole-body counting and urinalysis procedures appears in Appendix 1 . *

Internal exposure from radionuclides was possible through the ingestion of ^
local livestock that watered in the Rio Puerco. However, internal doses from ' J

the aniroal ingestion pathway are more sensitively 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 aFso considered but deemed unlikely, as only "
a few gardens were found along the Rio Puerco banks at the time of the spill.
The NMEID had also restricted Rio Puerco water usa immediately after the spill.

Assessment of Animal Exposure
Sheep, catt le, and goats grazing along the Rio Puerco and its tributaries

were the domestic animals most likely to have been exposed to the tailings pond
effluent. Several Navajo herds have depended upon this river system as their
5ole source of drinking water, even during the months following the dam break.
The IHS purchased 2 cows, 4 sheep, and 2-goat's from the Church Rock area in c o -
operation with the Church Rock Action Connniltee , As controls ,.;! •,cpw: and 2 sS'.e0^
were purchased jfrom outside the Church Rock area. Because of I'bf difficulty the
XHS had in convincing herd owners to sell animals for autopsy,-the exposure his-
tories of the Church Rock animals varied considerably (Table 3). However, W(?st:
Church Rock animals received both acute ey.posyre from £he spill and chronic
exposure from the mine dewatering effluent. Six Church Rock animals and the
3 control animals were auCopsied in an Albuquerque slaughterhouse in.lace August
under the supervision of the New Mexico State Veterinarian and consultants from
LASL and the U.S. Department of Agriculture, llie other 2 animals were autopsied
in a Galiup slaughterhouse by different personnel on September 26.

Tissue samples of muscle, liver, kidney, and bone were removed from each an"
imal that fe/as autopsied. The samples were analyzed for concentrations of U-238,
t?-235, U-234, Th-232, Th-230, Ra-226, Pb-210, and Po-210. Radxonuclidc analysis
was performed by the EPA La's Vegas Laboratory, A sumraary of the analytical
techniques employed by this laboratory appears in Appendix 2. Concentrations
of heavy metals were also measured in I exposed ^oat and 1 exposed sheep by
£he Vetenna-ry Dlagnostic: Services branch of Che Mew Mexico Department of
Agriculture,

r f

RESULTS

Water Monitoring
"•• f-"————J-T•—•J^.MIi.-_ -i--——————----'-

Table 1 provides a synopsis of the maximum concentrations of -selected radio-
nuclides in unfiltered samples from the Rio Puerco in the days following ch%
spill. With the exception of U-nat, all conccnCrat: ions were maximal within
48 hours of the .dam break- The maximum uranium concentration was detected 16
days after the tailings pond release. Gross alpha concent rat ions were also

highest (1 .28x l05pc^ / ^ ) ^ ^he day following the tailings release. Most:
of the radionuelidc concentrations in Rio Puerco.water returned.Co background
levels within approximately 20 days p o s t s p x 1 1 . .Late-August samples revoalcd

- ° , • .. . •• ... - - " ' ' ;. '^-y^.: . S-f.^L--^ • • ^
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TABLE 3
Animals Autopsied for Radionuclide Analysis, Church Rock, New Mexico, 1979

Aniaal Number

Church Rock
1
2
3
4
5
6
7
8

Control
9

10

HarCinez Camp"
1 1

Slaughter
Date

8/22
8/22
8/24
3/26
8/24
9/26
8/22
8/22

8/22
8/22

Age
Species (Yrs.)

Sheep 2
Sheep 6
Sheep 5
Sheep 5
Goat 1
GoaC 3
Cow 2
Cow 11

Ram 9
Cow 3

Location
(Figure 2)

K
1
F
D
E
I.
J
A

Rio Puerco
Drinking .^atgr Source

Before After

+•
Seldom

+
+
+
+
+

( l ) a
Seldom
( 2 ) -
(6) -
(2)
+
+

Other Water Source
Available

Before
Spill

+
+c

•'—
/""•

8/22 Sheep 8

a

a ( ) Number of veeks Rio Puerco water consumed

Primarily veil water from old Church Rock uranium mine
-Mine devatering stream ,a.bove tailings ponds

Area noc exposed to Church Ro.<;k uranium mining and milling
effluent, buc noted for .rpporte.dly high-.levels of background
radiation

above-background concentrations of Pb-210, however. Because HMEID-surface uater
samples were taken sporadically from various locations along the Rio Puerco, it
is impossible to establish a clear relationship between nuclide JEoncentraciotis
and either poatspill elapsed time or distance from the dam.breach; however;

- the surface water data from NMEID and UNC have suggested the-.fol lowing gener-

alizations. Radionuclide .concentrations at all sampUng sites.appear to have
fluctuated in a similar manner with respect to time p'ostspill. Likewise,

concentrations of all nuclides decreased with time, but the rates of decrease
differed among particular nuclides. Certain stations tended to- h-avc compara"
fcively high concentrations of specific rad ionucl ides, and thes-^-.fitafcious were
not necessarily the ones closest Co r.he -tailings pond.

These general trends are consistent with the dynamic.-? that •.wouild:.be expected
in a river system that suspends ar.d r.edeposits: sediments-.as s. function of chang-
ing water levela- the same dynamics are also-suggested by £lus€uatiQJls of
sediment nuclide Goncentracion in prespill data. This 'siEuaCibn la: exemplified
at station 15 (figure 2), where Th-230 concentrations'rbsa, frbni-,-760 pCi/1 on
Au%usc 7 to 1,800 pCi/1 on August 8. Ihis resuspcnsion of sed-ioients probably

resulted from elevated water levels associated wuh heavy rams. \^tf in the day
on August 7,

Fj-ve public wells located within 200 feet of the Ri-o Puerco were first
sampled on July 18 and Ehen at 2" to 3-monch intervals. Samples taken on
July 18 had grosfi aLpha. concentrations between 1 . 7 . and 5,0.pCi/.lt graas be.ca
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concenirat io\.s between 2.8 and 8.9 pGi/1, and sulfate concentrations between
52 and 448 mg/1. These preliminary data indicate no early contamination of
groundwater by the river system. Measurements taken in September 1979 from
1 NMEID test well suggested seepage from the contaminated river into ground-
water , as sulfate and uranium concentrations 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 concentrations for the more recent samples have
remained within the ranges reported for July 1 8 , 1979 .

Table A provides a synopsis of chemical element concentrations i' . Tlio
Put-rco and its tributaries for periods before and after the tailing's spill. TT?e
data indicate significant postspill increases in all elements but barium. Mea-
surements made at station 8 (Figure 2) approximately 3 weeks after the accident
suggest that all elements returned to prespill levels relatively quickly—with
the exception of pH, which appears £o have remained depressed for a compara-
tively longer period. .

Sed iment Monitoring
Like radionuclide concentrations in river water, sediment radionucl

els varied widely over the length of the river and over time postspill,
first set of 40 sediment samples (July 19 -21 ) was collected from 21 sta

,located over a 38-mile stretch of the Rio Puerco. Concentrations of U-
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 vert-ical wall of the
viver. fTh-230 levels .were .generally higher in samples from the bank thari fi-oo
fche ;stre3mbed, ranging from 18r-55 pCi/g-in the str^ambed. and f-'om L,4-160 pC.i/fs,
on I'he bank. Concent rat ions-of buEh"U-nat and Th-230 were highest: in areas of
crystalline precip-'ration found along the river bank (U-nac; 30-36 pCi/gs Th"
230: 290-490 pCi/g). Concentrations .of Ra-226 and Po-210 were measured in only
a few o£ the sediment .samples (Ra-226:0.8-4.4 pCi/g, stream and 1.0"1.6 pCi/g,
bank; Po-2IO;l .1-5.7 p^i/g, stream and 1.8-3.8 pCi/g, bank)<

Fourteen 4-foot core samples were collected (August 31 - September 2) at
Stations 6, 10, an .̂ 13 (Figure 2 ) • f rom a variety of locations between the active
-8 tread and,' terraces of t:he bank adjacent to che river. No major concentration
differences were noted, among ^Cations i and no genecal trends were found foe
radi-onudide. concent rat; ions in relation to location on stream bank, distance
froTn -^a^ings^dam.,- or depth of core subsamplc. RadionucUde concentrations in

, core •-sub3amples were not cons istenUy stratified with respect i;o depths Differ-
ent; radionuclide. concentrations wuhin each subsample tended to show similar
ch^npea yit:h respect to depth, however. The data .suggest .that sediments are

. mixed fio varying extents depending upon." location in the river system and that:
a ];1,radionucl ides monitored seem Co have .similar sedimentation dynamics, Sang^g
for .^ad ionuc.li.dc. concent rat teas (pCi/g) in this set of samples are.as follows;
Th"230,-0,9>.?J04.Har-2?6, 0 , 1 1 - 1 - 5 ; Pb-210, Q.86-13,0; and U-235, 1.0-2.4.

- , Approximately 40^ of the. samples eollcctGd in the extensive .sediment safif
plu^-.pro^sn carried our-between:September 27 and^October 5 uere processed
^mmedi.acely." ^hese samples ware analyzed for. specif ic radionuclidca; concen-

- Sration raR^^ ^g listed in.Table 5. We have not had the opportunity to review
,£he remaining results or the most recent measurements obtained aftar cleanup
procedures, y^ ^he exception of U-235 concentrations, levels in both surface
and eore.s<)rnp^g showed no consistent: relationship between radionuclide conceu-

' £raclon and locate" ^ either the first: or secor.4 -Cerrace away from the active
streambed. 0.^35. concen£rat ions were general-ly higher in samples taken from
tn^firsc ^rrace-fchan they yere in-chose caken from the more-distant swond

9
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terrace, Likewise, no clear trends existed for any of the radionuclides with
respect Co depth of sample or distance from the tailings pond dam. Concentra-
tions of Th-230 and Pb-210 in the river system tended to be above levels mea-
sured in background samples, and certain samples exceeded background by a factor
of 10. Less than 50^ of the samples had levels of either Ra-226 or U-235 Chat
exceeded background measurements, and samples that exceeded background concen^
trations did so by less than a factor of 2 for both radionuclides.

TABLE 5
Preliminary Radionuclide Concentration Ranges for Surface and

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

Surface Composite Core Sample Background Samples
Radionuclide Sample (pCi/g) (pCi/g) _ (pCi/^)

Th-230 15-270 5.3-160 19-28

Ra-226 0.23-2.7 1,1-6.8 . 1,2-1.7

Pb-210 1.8-44 . 0.84-59 ,. . 3.0-4.6

U-235 0-18-2.5 1.6-4.0 . 1.7-2,4

^Samples collected-between September 27 and October 5 by UNC &ud NMEID
and analysed by.BatelJe Pacific Northwest Laboratory;^ These concen-

. orations represent- only •a portion of the samples .£<akco. during this
period* Samples from a»eas with concentrated .sales ar.e not nxcluded
" • - •sx--'±--v^-- »-- - - . -
in these data.

Sediment samples for Th-230 analysis were collected over 9 stretch of the
Rio Puerco extending 75 miles from the dam into the state of Arizona (September
28-29), Six of the ten samples from the-second terrace had higher concentra-
tions than were in.the first terrace (adjacent to the active streambed). At
the time of sampling, concentrations were highest in a region.19.5-22 miles
downstream from the dam. In.this set of samples, Th-230.concentrations in river

sediments ranged between "3.5 and 110 pCi/g, with only 5 o£ the 40 samples ex-
ceeding the NMEID cleanup standard of 30 pCi/g.

Immediately after the dam break, UNC began sampling sediment from Che river
bottom of the Rio Puerco downstream fronT'the dam. Theis: data for August 17 in-
dicated maximum concentrations of Ra-226 and Th-230 in a region of 1.5-4.8 ailes
below the dam. Another area of comparatively high concentrations :of Ra-226 and
Th-230 was detected approximately 8 miles below the dam, .Ranges-of concentra--
ttans for these samples were 1 .7 -21 .8 pCi/g Ha-226 and II..3-115.7 pCt/g Th-230.

•Xn the monEhe immediately following the spill, UNC was o^deted by NHEID to
remove tailings from areas known £o have high concentrations of Th-230, In the
cleanup operation UNC workers shoveled the-tailings from Ehe^e areas. Sediment
samples taken after the monitoring and cleanup indicate that Th^230 concen--
trations from most sample sites in the Rio Puerco have dropped to,levels less
than the established NMEID cleanup level; however, several, aireas of elevated

Th-230.concentrations remained for months after the spill. Hose of these areas
showed evidence of raffinate pooling with deposition of white a^d yellow crystal-line material.

•:: 12
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Air Monitoring
The NMEID collected and analyzed air samples with a high-volume sampler lo-

cated at station III (Figure 2) and with a cascade impactor placed near a river
bank cleanup operation during conditions of high dust loading. Table A presents
air sampler radionuclide concentrations and New Mexico's maximum permissible
concentrations and Table 7 indicates radionuclide concenfcrat ions in part iculate
samples. One should note that the cascade impactor data in Table 6 indicate
that the size of collected dust particles ranged between 0.3u and 3.3y~sizes
considered Co 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 Dunning et al (5). The most conservative clearance classes were used
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 respiratory lymph nodes, and class Y for U-238
and Th-230 doses Co respiratory lymph nodes. Inhalation rate was assumed to be
15 m-Vd, and duration of inhalation, 1 year; quality factors were selected
to give the most conservative dose estimates. Fifty-year dose commitments
(in mrem) of 17 , 3, 14, and 139 were computed for bone, spleen,, endosteum, and
respiratory lymph nodes, respectively- Th-230 contributed the greatest single
radionuclide dose to endosteum and respiratory lymph nodes, while Pb-210 pro"
vided the greatest contribution to bone, and Po-210 to spleen,

Human inhalation doses based on cascade impactor da^a were calculated in a
similar manner. Fifty-year dose commitments (in mrem) of 1 9 1 , 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. Ifc should be noted that the .inhalation dose from
Th-^O is, sensitive to the solu-bility of this radiooucXl<ie». If'clearance class
•W (indicasing more rapid physiological clearance)-is: usfcd for £be., Th-230 dose
calculations, ^Oi&es to the endasteum and respiratory lyx»ph-.'nodes-"are. much louer
Likewise it must be remembered, that all dose-s.were ca.lc.ula.ted for annual con-
tinuous inhalation of £he. measured air concentrations—a: .-situation 'Ehat would be
unlikely, since Church Rock residents do not spend all their'time near the banks
of. the Rio Puerco.

Human Exposure
All 6 of the subjects who underwent whole-body counting were f6und to have

normal amounts of radioactivity, primarily K-40. LASL spec i-fi call y. searched for
the presence of. radipnuclides of uranium., thorium, aod fche.ir daughters, and
found no detectable activity of any of these isotopes "in aoy of the subjects,
In addition to the ^hole-body counts performed on the..Church Rock residents,
4 children frons Los Alamo^i were monitored in'a similar 'fashion on- the day before
the counting of die Church Rock "subjects.. These particular analyses were per-
formed for control purposes, as LASL h.̂ ijl limited ^xperiencie uith. 'the monitoring
of children.

Because negative spectroscopy results indicate -Mily the .absence of concen-
fcrac-ions above che counting system's limits of detection, the^e limits were
computed for the deposition of: Th-230 in the Imig. the ^-230* detection limit
can then be converted £o the smailesE; organ dose th<it .cau be/detected by the
counting system- This minimum detectable, dos^ is •t;hus; the- largest dcse Chat
could be incurred but not detected, LASL estimated the limit of"detect ion for
Th-230 deposited in the lungs of a 10-year-old child to be 10 nGi and calculated
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 asauroed to be the
highest organ dose expected from an acute exposure Co materials-from the tail"
ings pond spill.
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TABLE 7
Radionuclide Concentrations in Atmospheric Samples,

Church Rock» New Mexico, 1979

S amp Ie
Number

1
2
3
4
5
6
7
8

Radionuclide Concentratj.on* (pCi/g)___

U Th-230 Ra-226 Pb-210

<3.4
<3.4
<3.4
<3.4
<3.4
<3.4
3.21
5.33

<C.34
<0.44
<0.45

1.58+_1.10
16.3 +9.7

1.7 _+1.4
1.8 ^1.8
2.3 +1.8

0.60+0.18
3.0 +0.3

98+^14
158^22
122+18

50^10
85+15

*Error terms represent 2 times the standard deviation of
laboratory counting errors

A variety of analyses were performed on the 2 -sets of urine samples col-
lected from the 6 individuals chosen for study. Gross gasana activity in both
sets of samples did not exceed the detection limit of 35,497 counts/2,000 sec
(computed as the mean of 2 background and 2 control samples plus. 3-times fcheir
standard deviation)^ Gross beta counts for each suiaple wee not. statistically
different froiB controls or. detection limits as jireviou^ly-definad..: -Crosa alpha
results for :all individuals, wee likewise Lsss than" limits:^ -da^e-eclon,, •&fhich
were established by LA^L as 5 counts above background, 'Ps^^nG^n^rafcu/*! of
total uranium did riot exceed the detection limi£-, tb-at ^au caldilated to be 74
neutron counts'(95^ confidence limit) and corresponds to a.concentration of
0.6 pCi/1-

Colorimetric thorium determinations were all less than.the detection limit
of 20 Pg/l. -Ihe comparison of results from alpha scincili^.si^n and"-a^pha fipec"
troscopy indicated adequate measurement fit -thorium radionuc-lide^ in the spiked
samples. The detection limit (99% confidence) was determumd-to be 0.1 dis-
integrations per minu't'e-(dpm). • When net. alpha count data; for, each specific
radionuclide. were compared with the detection limit^ all'' samples, and controls
were below the limit. However, when total dpm were^ cooipwed-; 2- of the 4 samples
exceeded the'detection limit with count, rates of 0'<15-and Q^18 dpm.;: Neither of
the control* samples exceeded, the limit of detecEion'^.-Ihe.^st count data froy
alpha sp^ceroscopy analysis suggest that-Ra-?2&,» - Th^228» -aad Po-216 may be
responsible £or these elevations*

The limit of 'detectxon for Th-"230 in urine.'caTi be'used to estimate the
associated minimum detectable do^e rate..'This' calcUi3Latiou'"wa3 .performed for ft
lO-yearr-old child with a daily urinary •excretion rrite1-equal-.to t^^ average for
'the Church. Hock subjects .(709'ml/24 hours) and an -exposure-1^. T^-230 thai ceased
30 days before the urine was collected <(:ha assumption, that; pr&v-ides the moat
conservative escimafcel. . It was also assumed .fehae 'thoriirn ^as ^^creted in a
manner similar to plutonium. Uoder these, eircumafcances^'radiometric analyaig
could .detect internal deposition of Th-230 that would give a dos.e* rata of U7
mrem/yr to bone surface, and 25^3 mrem/yr Co coKal bone masa»

In the Ra-226 analysis, a single control sample and a-distilled water blank
were analyzed along with the Church Rock. samples. • LASL de-tcrmined^the limit of
detection by computing the standard deviation of the control, blank, and urine
samples-with results less than or approximately, equal.to theJievels of th^
control and blank, .-.The. Q9Z confidence .detection, lime yas,0-.34 pCi/1, bassd 011
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a mean of 0.144 pCi/l and a standard deviation of 0.064 pCi/l. Only 1 Church
Rock sample was in excess of the detect ion Umic. It is interesting to note
Chat 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 ^g/cc. All samples were found to have concen-
trations of these elements below the detection limits.

Animal Exposure
Appendix 3 presents gross radionuclide concentrations measured in samples

from edible animal organs submitted to the EPA Las Vsgas Laboratory- These data
are corrected for reagent blank activity in Appendix 4» The corrected concen- ,
trat ions are more appropriate for purposes of comparison, as long as one keeps
in toind thai; only 2 reagent blanks were analyzed» that these blanks were pro-
cessed 3 months after the bulk of the aniroal samples, and that no goat control
was obtained. The fact that radionuclide concentrations were measured in only
1 1 aniroals 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. In particular, exposed animal concentrations of Th-230i,
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 WC 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-
nuclide levels in all foible organs are compared, kidney.is the organ with the
highest concentrationSi and muscle the lowest. Concentrations of Pb-210 and
Po-210 are consistently higher than other radionuclides.

Radionuciide concentrations measured in bone samples', are.presented iu
Table 8, Although radionuclides in bone .do not usually .enter.-the human food
chain (with the exception of ingested bone marrow and soup), their levels can
provide useful data for evaluating pathways of animal exposure. In addition,
most radionuclides of the-uranium decay series are concentrated in bone to a
greater extent than in other organs. This Kieans that bone samples from exposed
animals have radionuclide concentrations that exceed detection limits' to a
greater extent than samples from other organs, and are thus roose.appropriate
£or comparative purposes.

The bone concentration data show fchat for all radionuclidcsa-exposed cows
and sheep have higher.concentrations £han controls. Concentrations of Ra-226
exceed those of Pb-210 anct Po-210 in both exposed and. control cows. Sheep con--
centra-Eions of Po-210 are'generally higher than Ra-226, with the exception of
the I-exposed sheep that watered from the well located near the old Church Rock
saine, *Shere appears to-be no consistent, relationship between Ra-226 and Po-210
concent cat ions in the 2 goat samples. It is interestiug to.note that Pb"210 was
detected only in half of the saraples and. thac-a l l -o f these concantrations yere
lesa than-those reported for Po-210. When radionuclide concaatrations are com-
pared by ages of the animals» Po'-210 and Ra-226 appear to be directly related to
age for cows and sheep*

The or^sn concentration data in Appendix 4 can be used to estimate human ra-
diation doses through animal ingestion. Human doses are calculated by assuming
^articular patterns of organ ingestion and applying factors that .convert quanci"
£ ies of ingested radionuclldes into various human organ dosee (5"-6). Table 9
lists human organ doses calculated for the annual ingestion of 78 kg/yr of the

spec.ified animal organs (estimated average annual consumption of meat by adults)
U.̂  • Calculations for adult meat consumption were chosen to represent the high-
est (mosc conservative) organ doses.
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TASLE S
Corrected8 RfldionucUde Concent: rat iono in Animal Bone Samples»

Church Rock, New Mexico, 1979

Animal0

Exposed

Exposed

Control

Sheep

Exposed

Exposed .

Exposed

Expose^

Concrol-U

Control-2

Goac
—^*—^—w

Exposed;

Exposed

Saapis
Type'. . .

• Fefia^r •

yeete'r

Femur &. Tib?.a

i

Unspecified

Femur

Femur

•Feny^r i. 1

? Femur

Femur

. Uas pec i tied

Femur

3L<

E • .

nation2

J

A

0

.-

. 'y

©

K

£

0

0

L

Age of
Animal (Yrs)

2

I9.

3

F»
J

5

2

8

8

9

i>

^ . .

3

U-238

72.30

37.91

0.74

•

26.85

23.69

36.85

43. S2

2.88

1.G3

16.30

5.22

Ra

U-235

3.55

1.21

. • 0

: > (

'? AO'
<- • -*!-

rt

, '>••'

6.58

1.33

0

0.66

1.30,

0

dionucl;

U-234

82.21

4!.09

i.22s

27.07

20.44

3.48

42,36

3.93C

3.48

16.92

5.26

ide

Th

11t

4

4

1

2

S.33

1

Cone

-232

0

.38

0

,15

0

.27

.52

0

.36

.62

entr

Th-

29

1

32

9

35

21

20

34

17

12

3

ation

230

.83

.16^

.88

.30

.75

.94

^c.e

.92

.92

.^5

.84^

(pCi/kg)*1

Ra-226

639.79

2,295.09

327.41

407.26

535.81

579.15

^.278.33

384.00

1 8 1 . 5 9

264.30

522.33

Pb-210

71.84

0

0

229-48

0

0

1»152.82

866.92

32.08

153.78

0

Po-210

296.97

771,27

289.69

1,036.30

979.38

667.12

1.745.38

763.82

478.96

260.82

sConccntrraCions based or. gross counts with reagent blanks subtracted^ negative corrected concentrations are
considered to ba zero.. , . , ,

^xppsed animals. ?:sken from-herds fenowa to water at Rio Pye^o or pipeline arroy^; control animals taken fron areas
distanc from Rio Puerco

CLocaElo^ ora Figure 2; 0 s& control animal' from area no£ on asap; aote that location A is above che UNC dam
but do^nstrearss from dewaeeriog, ^ffueoc.. of, UWC^a^d Kfif.r-Mcpee, mines .

fSi t • '• r .1 ' . *
-Concentrations based on &?et weight;

^Escimated 3^29 fiigtaa eounEiftg error is greatsr Chsri or equal tQ calculated concentration.

^Animal exposed primarily to yel^l water from old Church Rock uranium asine

^Shsep fcora area not e?soo?ed to Church Rock uranium mining a".d raLHing effluent, but noted for reportedly high
levels of background radEadon
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TABU: 9
Human Organ Doses3 (50-yr Dose Connnitment in narem)

Calculated for Animal Tissue Ingescion,
Church Rock, New Mexico, 1979

Total
Bodv

Animal"

Cov
Exposed
Exposed
Control
Control
Exposed
Exposed
Control 1
Control 2^
Exposed
Exposed
Control
Exposed
Exposed
Control
Sheep

*-' ' i i . A—

Exposed
Exposed
Exposed
Exposed^
Control lg
Control 2
Exposed
Exposed
Exposed^
Ccntrol 18
Control 1
Exposed
Exposed
Exposed^
Control lg
Control 2

£°5£
Exposed"
Exposed
Exposed
Exposed

Organ
LiverBone

Muscle J
Muscle A
Muscle 0

Cube Steakd p
Liver J
Liver A
Liver 0
Liver 0
Kidney J
Kidney A
Kidney 0

Bone (soup) A
Bone (soup) J
Bone (soup) 0

Muscle F
Muscle fi
Muscle K
Muscle I
Muscle 0
Muscle 0
Liver . D
Liver K
Liver 1
Liver 0
Liver 0
Kidney n
kidney -K
kidney 1
K-idney 0
Kidney 0

Muscle g
yuscle L
Liver - L
Kidney .L

Kidney Endostcura Spj-^en

4.9
1 1 . 3
i.9
2.4

41.7
1 0 1 . 6
20.9
18 .7

198.5
485.4
1 1 8 . 3

0.6
0.2
0.2

9.3
10*0
0.1
1.2

.1.0
0..7

- 59.1
•24.5
,14.6
23.6
24.9

385.4
114.4

.£73.1
148.1
424.4

6.7
10.3
fi7.6

425,4

0.4
0.3
1.3
0.2
9.1

61.4
3.2

12.7
163.8
286.2
37.2
27.4
0.8
0.4

8.2
21.7
0.1

. ?2,1
-0.1
•o.a

• s?9.7
-53.2
.21.5
•35.9
27,4

643.0
62.8

362.0
- 68.3

55.7

34.7
M47.2

165.3
373.4

8-3
19.4
3*2
4.1

70.2
168.7
35.8
31.1

332.5
819.,9
198/.9

0-9
0.4
0.4

15 ,2
14.3
0,2
2.0
A.6
1.0 .

?0.3 .
37.3
21.9 •
35.8
39.3

587.6
193,0
282.4
246.2
210.8 „

10.9
U.4
!)^6

682,9

0*5
0.7
0.3
0,3
7.4

34.5
2-0
5.9

58.2
1 1 7 . 6
32.2
2.5
0.3
0.0

3.4
15.5
0.1
1 - 9
0.1
0.1

• : .185,1
:-?,8.0
- 16 .7

27.4
21.2

437.6
26.2
67.7

,,. 55.4
- 21.0

-- 3.3
. 116 .4
.122.8
296.2

0,6
0-7
0.5
0.5

15.5
85.4

. 3.3
14.4

138.9
276.2

78.1
6.8
0.9
0.0

8.4
-43.0

0.1
.4.8
.0.2
0.2

51&.8
76.2
45.4
75.3
57.4

1 ,201 .4
60.7

168.5
140.6
44.6

. ?.9
312 .1
342.1
795.5

0.9
2.0
0.5
0.5
8.5

24.2
4,0
5.1

41.8
100.3
24.8
0.2
0.1
0.1

2.7
4.6
0.0
0.6
0.2
.0.-2

-40.5
-11 ,0

5.4
8.6
7.8

.141 ,,2
24.9

. 70.1
.34.0

. 28.4

2.5
. ^7
-3 J.I
U0.1

^oses calculated f.ov annual ingestion o£ 78 kg for specific-organs (̂ , 5)
"Rxpossd animals taken from herda known to water at Rio.Puerco or pipeline-arvoyo; contro?

animals Kaken .from ar^as distant from Rio Puerco

^Locati.oii.on Figure 2;. O^control animal from area not on map; P^cube steak from Las
Vegas market; note that .local: ion .A is above the WC dam but downs Cream from devafcftring

^ effluent of UNC and Kerr-McGee v&iws
"Average .between 2 samples
^Duplicate sample

^Aniaal exposed primarily to-well water from old Church Rock uranium mine

^Sheep frocii area not exposed £o Church Rock uraniraum mining a^d milling &f.f. luent ^ but noted
for reportedly high levels o£ background radiation

"Pb^lO sample .lost; concentration of thia radionuclidc efitimated from Pb-210sPo-210 raciofrota appropriate organ
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The doses in Table 9 are expressed as SO-yr dose commitments, meaning the
doses Co the indicated human organs Chat would accrue over 50 years from the an-
nual ingestion of 78 kg of the specified animal organ or 130 1 of soup prepared
with bones. If these quantities of meat were ingested over many years, 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 fiftieth year of ingestion. As it is unlikely that an indi-
vidual would consume 1 organ exclusively for 1 year, dose.fl 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 50-yr dose commitments for annual consumption based on this approach for
the organs of goats, cows, and sheep that yield the highest dose commitments.
These calculations are based on the assumption that muscle, liver, and kidney
comprise 94.8%, 3.4^, and 1 . 7 % , respectively, of total edible body weight,

TABLE 10 .
Human Organ Doses* (50-yr Dose Commitment in rorem)
from Consumption of Animals Giving Highest Doses 3

Church Rock, New Mexico, 1979

Total
Animal Body Bone L^ve^r Kidney^ j:ndos t e u m AEJ661!

Cow 3,9 8.4 13.2 22.6 7.3 38.3

Sheep 28.6 79,4 8.2 18.1 44:;8 26.1

Goat :.M9..7 321.5 , - 8.6 19,4 1,384.4 28.8

'^'Based on assumption that muscle, liver, and kidney arc consumed in
proportion to th&ir contribution to total edible b^dy weight (94.8^,
3*4^ , and l < 7 X g respectively) .. , . . .....
; ', " . <- . . . . ' _ • • . . ' . " • , - .-" - fc - -' ' -" ' - ': ' -

When doses from exposed and control animals are compared,' or doses from
particular animal organs, the data from Table 9 are approptxate, *^hese data-in'
dicate that calculated ingestion doses to all human organs..see generally higL'er
fiom exposed animals than from controls. There .is a good deal of variability
among doses from exposed animals, however. One should-also .note fcbat doses cal-
culated for ingestion of organs from 1 exposed cow and 1 -exposed goat are le^s
than those calculated for control organs. The variability between doses calcu-
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 'han
those from controls- The highest: doses calculated for ingestion of a single
animal organ ar& from the kidney. Doses from ingested muscle are- generally f.he
lowest, with the exception of 1 goat muscle- sample. - a

There seems to be no consiscenfc relationship among human orgau dosey thvt
•holds for all animal.samples, although spleen and bone-'doses are ..usually higher
than other human or^an doses. The highest human organ dosss; calculate^ for
ingestion of a single.animal orgar, are to the endostoum -from goat'-, muscle inges~
feion, to the bone from sheep or goat kidney ingest ion, and to the -spleen from
cow kidney ingestion. Doses of these magn-Uudea would not b&-expected unless
humans were to ingest these animal organs as thtiir exclusive soui:?e of animal
protein. The data in Table 9 also suggest that boiling .bones, foe soup would
result in negligible organ uoses to human consumers,

When raw data for ingestion doses are studied, inferences, can be ruade wx^h
regard to the radionuclidcs chat contribute the most to- Cci£al organ dose. ^or
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bone dosC( Pb-210 and Po-210 are the major contributors, with the dose from
Pb-210 usually exceeding that of Po-210 by a considerable margin^ When present:,
Ra-226 is a substantial contributor to sndosteal dose, bat many of the samples
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 is interesting to note that concentrations
of Th-230 contribute mainly to endosteal dose and usually to a small extent,

Heavy metal concentrationo measured in 1 exposed goat and I exposed sheep are
presented in Appendix 5* Comparatively high concentrations of many metals in
skin and wool indicate external contamination of the animals. The fact that
elemental uranium concentrations were not high in these animals suggests 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 f.cgion Veterinary 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 MFCs for Th-230, Ra-226, Pb-210, and Po^lO were exceeded for a per-
iod of days after the tailings spill. Mater concentrations of all radionuclides
dropped significantly over a period of 5-6 weeks poscspillj though comparatively
high concentrations of Pb-210 and Ra-226 were measured as late as January 1980.
It has been difficult to determine whether water concentrations have returned to
background levels because of sparse and conflicting data for prespill water con-
centrations. This point also has made it. difficult to clearly pLr.pve that MPCs
were exceeded, as they apply to water conce-ntrations in excess of background
concentrations. Mine dewatering effluent has been considered by-fche state to be
"background" even though concentrations of certain radionuclides are much higher
than found in the Rti? Puerco upstream from the pipeline arroyp (when there is
wacer in this usually dry river)*

Because water concentrations above the MFCs lead Cg exposure excess.primar-
ily through chronic elevation and because radionuclide concent rap ions in Rio
Puerco water have shown a substantial decline since the spil.l, ye_JEeeJL-tha,t .
r^di,QnucJides^J,^JL£xis&d^J.o^JJo_e_water of the Rio Pu r̂̂ CL^by^Ae^UNCL^piLUiav.e
l^osed^-no _sigtLiJElc^_n£^anger^_to_JuJ[man hea_lth, Th^ fact that humans, do not con"
sume Rio Puerco water also supports this contention-

River water concentrat-icms of heavy metals and other eLsmentSg though sig"
nificantly elevated above prespill levels^ were not high enough to suggest a
danger to human health. For,_che ^^Jons^thatwere monitored^» many glementJJ.
conceJl£XaJLlgrLS were below ERA drinking water standards even immediate lv._af_t£r
the spAJLL. Those concent rat xons .chat .exceeded the "^standards, with- the exception
cf. selenium, returned .to levels below the ERA standards &'oon aft:er the spill.
Concentrations of arsenic, selenium, and zinc exceeded the New Mexico drinking

.'water standards immediately postspill» but drooped to acceptable-levels after 3
weeks. The data of Table 4 do not, represent a'detailed analyst^ -of river water

.elemental concentrations; however, when these data are considered along with the
face. that Rio Puerco wager is not: used by residents of Church Rock or Galiup
for drinking or irrigation, they suggest little danger to human health- These
elemental concentrations have been and will continue to be monitored by the
MMEID.

Concentrationa of radionuclides- in water from wells-adjacent to the Rio
Puerco are not high enough to suggest shallow aquifer cont'aminaCion; however,
well water in the Church Rock area has b^en noted for .its high background levels

'•} liitaft1'! '̂  -"•—^•*&--1
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oJ radionuclidcs. Eadie and Kaufmann 0) report: ,a range of (L10-1.40 pCi/1
(xas0<35) for Ra-226 in Church Rock wellT. A study of Navajo Reservation wells
initiated by the General Accounting Off ice in July 1979 reports Ra-226 concen-
trations ranging between 0,1 and 105 pCi/l.

Sediment concentrations are not normally regulated by MMEID, and background
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 radioactivity in southeast-
ern tobacco soils. These concentrations, though measured for soil in other
areas, suggest chat Ra-226 levels did not exceed magnitudes recorded for high-
background areas in the United Sta tes*

Following the UNC spill, the MMEID established maximum permissible sediment B

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 concentrations. 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-^O
concentrations remained elevated in certain sections for many months even after
efforts by UNC Co remove the contaminated sediment. Although Pb-210 and Po-210
concentrations in tailings liquid were comparatively high, scdimenE concentra-
tions of these radionuclide.-? were not initially monitored, and cleanup criteria
were not established until October 1980.

Radionuclides deposited-in sediment can giv^ doses' E:o huroa^s by inhalation
and ingestion routes. 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
radionuclides combined su^ges^ that the inhalation exposure route provides less
of .& dose than does the mgeotion route for all tissues except respiratory lymph
nodes (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-'Xodding. The
comparatively .large contribution .of Th-230 to total inhalation dose indicates
the importance of air monitoring in determining acute exposure from tailings
during the day? inmiediately following an environnient;al..release,-..Since compara-
tively low concentrations -of Th~230 were measured.in animal tissues, the major
source of animal exposure was probably chronic rather than-,from,the.dust derived
from spill niafcerial$. However, fche possibility of inhalation exposure and the
undesirability of radionuclide buildup in the Rio Puerco river system make the
efforts to remove.the spill-contaminat-cd sediments . from £he aio.PufirGo well

'£ounded^ ,Individuals in the Church Rock area might be able to reduce £heir
yearly intake of .radionucUdes by avoiding the Rio Pucrco banks during dry,
dusty-periods. . Areaa known to contain sediment: with.high radioaufilide concen-

• trations m.ight- also be ^marked to discourage public access. • ; .
The whole-body counts and urinalyses of Church Rock .residante.- indicate no

acute radiation :hazard- as. a result o£ the UNC spill. The detected levels of
total gross alpha counts and Ra-226 in urine from 3 of the residents Suggests
chronic exposure .from a region of high background radiation-. Urinalysis for
Ra-226 in New York residents indicates these subjects excrete approximately
one-tenth of the Ra-226 excreted by Church-Rock subjects (j_0). .,- However, daily
urinary excretion of Ra-226 in Brazilians living in areas of high-natural back-

..ground radiatiol? (J^O is similar to.thac of Church Rociy resi4eo£a* Data froffl
" • *
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areas of the United States with high background radiation indicate urine con-
centrations of Ra-226 that are much higher than those from Church Rock (12).
In light of these comparisons and the forementioned detection limits, we do
sot recommend 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 controls from
other areas. Four cows (2 exposed to mill tailings and 2 controls) from the
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
Fo-210 that were generally lower than those in Church Rock animals ( 1 3 ) « Con-
centrations of Pb-210 and Po"210 in rural German cows (with no industrial expo-
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 exposure to
radionuclides in the Rio Puerco water, in soil, on vegetation, and in air.
Chronic exposure is supported by the fact that the cow from location A and the
sheep from location I (Fig. 2) had comparatively high radionuclide concentra-
tions in edible tissues, but were exposed to mine effluent rather than spill
Qaterials, Since cows from Germany and the Anaconda Mill area had edible tissue
concentrations of radionuclides comparable with, or in excess of some Church
Rock exposed animals, such organ doses can result from exposure to radionuclides
in 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 as 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 Co 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 ratios.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
effluent. For Church Rock cows and she.ep, the Ra-226:Po-2lO ratios in bone
exceed those for the controls, suggesting comparatively higher.levels of Ra-226
in the Church Rock environment. The Rafc226:Po•l-210 concentration ratios for both
Church Rock and control cows exceed ratios reported for cows exposed only Co
uranium mill tailings a£ Anaconda but are considerably less than the ratios
reported for Anaconda rabbits exposed to mill tailings (13) . The Ra-226:Po"2lO
ratios calculated for Church Rock sheep are similar to those for cows exposed
only to mill tailings.

The highest bone concentrations of Ra-226 were in"the cow exposed solely &a
ssine dewatering effluent and the sheep that drank from a well-on the 8ite of £he
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 to the
radionuclide concentrations reported in Church Rock animals that drank from the
Rio Puerco. When the bone concentrations reported in cows exposed to Anaconda
Kill tailings (^3) are expressed in terms of wet weight,- these-animals are seen
to have lower Ra-226 concentrations than the Church Rock animals Chat drank mine
dewacering'-effluent-t but higher concentraciona than the Church Rock animals
exposed to Bio Puerco wa£er after the spill* The bone concentrations of Pb-'*210
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and Po-210 are 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 Co 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 in comparatively
elevated levels of radon daughters, as exhibited in the data for Anaconda
animals ( 1 3 ) .

In spite of the support for the mine dewatenng 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
Chose of other radionuclides may never be fruitful, in light of the face. that
the UNC and Kerr-McGee mines have been removing Ra-226 from dewatering effluent
over the past few years. Clarification of exposure routes is also hampered by
the absence of data for concentrations of Pb-210 and Po-210 in the dewatenng
effluent of the 2 sines. More environmental and autopsy data are needed to
establish the extent of the ingestion and inhalation exposures. Quant ifica£'ion
of the inhalation pathway is particularly important because humans may receive
similar exposure, the doses from which should be added to those calculated for
animal ingestion to assess total radiation exposure.

Regardless of the route of exposure, the roajor contributions to human inges-
tion dose come from Pb-210 and Po-210 and not from Ra-226. Current treatment of
ifline water only removes Ra-226s and this radionuclide is usually diverted from
the human food chain by deposition in inedible bone in any case. In considering
ef for ts Coward reduction of Pb-210 and Po-210 in animals, the relative contribu-
tions to animal radionuclide burden of inhalation, of soil and water ingestion,
and of foraging should first be clarified* Human intake from food crops or from
eating bone marrow should also be evaluated before decisions are made regarding
exposure reduction.

The human ingesfcion 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 Coinniitfcee II of the
International Commission on Radiological Protection (4, l5)» Both NMEID and ICRP
regulations specify MFCs above natural background for chronic ingestipn of all
fuel cycle radionuclides. The state of New Mexico MFCs are set to limit doses
to gonads or blood-forming organs to 500 mrem/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,
1 5 ) . In terms of the regulations estab.lished by NRC and NMEID, .no patterns of
animal or organ consumption would result in more than 7.0% of the composite HPC
(assuming zero levels of background radiation), once the separate MFCs for water
ingcsCion are modified to reflect meat ingestion-

However, the MM£ID-may limit quantities of radioactive materials-released in
air or water if it appears that daily intake of radioactive material from air,
yatcr, or food by a suitable sample of an exposed population group, averaged
over a period not, ^exceeding a year, would ochccyise exceed-the daily intake
resulting from continous exposure to one-third'the. MPC for ra^ionuGlides, sepa-
rately or in combination (4).. This condition could- result from the exclusive
inacstion of sheep kidney, sheep liver, or goat kidney if background animal
concent rat ions are considered to be zero, and animal radionuclide concentra-
tions and ingestion rates are truly representative for the exposed Church Rock
population.

The Federal Radiation CounciLl (FRC) established radiation protection guides
(RPG) that were chosen to represent a balance between the requirements of health
protection and the beneficial uses of radiation and atomic energy,(16). These
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guides were developed both for individuals and for average population exposure.
The FRC guides for doses above natural 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 ingest ion 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 FRC*s RPG for aver-
age whole-body or bone marrow dose to a suitable sample of an exposed population
is 170 mrem/capita/yr. The population RPG for thyroid or bone dose is 500
mrem/yr. The FRC recommends these guidelines when evidence is insufficient
for the establishment of doses Co 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 conditions that the highest concentrations of
radionuclides found in these animals 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 radionuclides that would result in 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 II of the FRC guide-
lines suggests the need for quantitative surveillance and routine control. For
Ra-226, Range II is 2-20 pg/d above background, which corresponds to annual
ingestion doses to bone of 50-500 mrero/yr. Accumulation of Range II quantities
of Ra-226 would be possible through inaestion of 78 kg/yr of cow kidney or goat
muscle alone or by the consumption of goat organs in proportion fce their per-
centage of total edible body weight. The daily consucvpt:ion of 0.21 kg of goat
muscle by adults would result in doses that wo.uld equal; the, upper-limit of R^nge
XI, if the goat with the highest muscle concentration of Ra-226 were representa-
tive of the goat herds in the Church Rock area. This is 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 Range II quantities include efforts £o limit
environmental release, to provide accurate estimation of popular ion-exposure and
its variation with time and location, and to monitor the detection of sharply
rising ingestion dose^. These recommendations also emphasize the^ need to deter-
mine methods of dose reduction for the segments of a given population that are
most likely to receive the highest doses,

The EPA has adopted regulations (40 CFR: 190) (17) ior the uranium fuel cycle
that will apply Co uranium.mills (but not mines) beginning December 1 , 1980,
These regulations pertain to the exposure 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 conditions arc annual 50-yr dose equiva-
lents of 25 rarem to the whole body, 75 mr.em to the thyroid, and 25 mrem to any
other organ for any member of tire public.;.The.dose .limits are..not applicable
Co she exposure at Church Rock for a.number of. reasons:..exposure via animal
ingestion appears to be in part-.Erom mine-.re leases; -any-exposure from the mill
Callings spill would be exempted because.of the accidental, nature of the re-
lease; and the radionuclides responsible for the largest human doses (the radoa
daughters Pb-210 and Po-210) are excluded from the regulation.

In light of. the above regulations, persona whose meat consumption comes from
the exclusive ingestion of goat; of goat, sheep, or cow kidney, or of sheep
liver could receive organ doses exceeding some guidelines. The .i act that pre-
mining background levels of radionuclides were,.never measured obviously creates
a dilemma. However, even if background levels for animal tissues.are considered
to be zero, the calculated inges.f-ion doses-would not result in violations of
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existing state laws. Since the butchering of local animals would typically re-
sult in consumption o£ animal organs in proportion to their contribution to the
edible weight of the animal, it is unlikely that many, if any, local residents
have ingested quant ities of radionuclides that have exceeded 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 population*
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 environ-
mental 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
eonsuaption of these organs. One goat contained high muscle concentrations o£
Ra-226 without showing siailar elevations in muscle Pb-210 and Po--210 or in 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
laboratory error. Obviously, the evaluation of radionuclide concent rat ions in
goacs deserves immediate attention. Reducing human consumption of goat muscle
would be consistent with our recommendations regarding kidney and liver, but
this recommendation differs from the former in terms of supporting data. If
nev 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 governmen£al..agenci?s to improve
emergency response capabilities, Because it is difficult for the public to be
ful ly and continuously -informed, we reccn?roend that representatives of residents
from the area af fected by a uranium fuel cycle accident, as well as nongovern-
©ental sclent 1s ts , be invited to participate in al I deliber at ions over impact
analysis,

2. To enhance New Mexico's efforts to clarify background radiation levels
and Co improve its capacity for responding Co radiation emergencies', we recora-
aend the expansion of the analytical capabilit ies of the state laboratory re-
sponsible for radionuclide analysis of environmental samples.

3. Much insight into proper approaches Co assessing health-and environ-
mental impacts of uranium mill accidents has baen 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 ef for ts to limit radionuclide doses to Church.Rock residents
depend on clarification of average animal radionuclide concent raKioris and of
exposure routes of; livestock eaten by'the general population, 'To^his end, we
recommend that a surveillance program be established for radionuolide concen-
trations in Church Rock animals.

5. Although current regulations concerning radionaclicks i$.animals are not
: being violated, the health risks of low-dose radiation are not completely known.

We reconsnend that Church Rock residents be. informed of ways to .decrease their
exposure to radionuclides, not eating liver and kidney-of loca 1 •anim<tls, not
drinking wel l water known to contain high background levels of radionuclides;
and avoiding the banks of the Rio Puerco when the -banks are. dry and dusty»

6. Since most state regulations are based on elevations of radionuclide
concentrations above background levels, we support fuct.her .study of such
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background concentrations in air, water, and food near all uranium fuel cycle
facilities.

7. The size of the human population exposed to the UNO spill and to routine
mine and roill discharges is very small, and the human doses from these exposures
are comparatively low* Thes£ 2 conditions make epidemiologic studies of mor-
tality and morbidity insensitive in detecting possible health consequences of
radiation exposure ( 1 8 , 1 9 , 2 0 ) . We therefore think that a cancer registry for
Church Rock residents alone would be of no scientific value in attempting Co
alleviate their concerns.
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APPENDIX 1

Methods for Human in vivo
Radionuclide Analysis

The gamma spectroscopy counting system used for whole-body counting was
housed in a low-background chamber 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 monitor the more energetic photons
from such emitters as K-40, Cs-137, uranium, thorium, and their daughters* A
hyper-pure germanium (HpGe) defector 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)) detector 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 measured
with a 4" x 4" Nal detector over an energy range of 0-2.0 MeV.. For each indi-
vidual, the entire spot urine sample was counted and a 400-cc aliquot of the
24-hour collection was assayed. Each sample was counted for 2,000 s. Gross
beta activity was measured with a 2ir windowless gas flow proportional counter,
using planchets plated with 0,5 cc.aliquoCs of sample. An energy range of
0 * 1 6 7 - 1 . 7 MeV was examined for a counting time of 60 min, with a counting ef-
ficiency of 61^-71^, Gross alpha activity ^as measured by packaging the same
planchet samples with a ZnS-coated mylar f.zim-and counting with a scintillation
counter.. at...an efficiency of 49*4 ^,^*i^:fpr IgOOO min.

Uran.ium was analysed by- neutron acC <.vat ion . and .delayed neutron-counting of
u^235 in 25-cc aliquots of each urine sample.at - the LASL Omega West Reactor
-Facility. Thorium was-analysed colorimetric?-1 lv -and radiometrically using
SOO-ral aliquots of the 24-hour urine samples. The colonmecric method employed
arsenazo-III,dye as a chromagen for-thorium.. • The radiometric..analysis involved
precipitation of metals -from aLiquots (125-500 cc).of urine, from 4 individuals
by the-oxalate method, ion exchange, and subsequent; electroplating-onto stain"
less stee.l planchets, .Misplacement .of urine.samples resulted in inadequate
volume for.2. .individuals, 'The. samples from Church Rock- subjects were eompared
with control samples composed of pooled urine from LASL-employees not exposed
to radionuclides and with a solution spiked with Th-230-and dscay products of
£h.e Th"232. series * The,.pAani»hets were counted in •the: alpha sein^ illat ion ays-
Sem described previously. After, alpha scinfeUlation analysis, planchets were
counted for l ,212.min in an. alpha spectrometer gated, for 2,^-7.^3 MeV in order
£o pick up Th-230 and the Th-232,-series (excluding Fo-212),

•The 24-hour urine ,samples.:-werc also analysed" for s:adium°'2% using A de""ama-
nation technique. .Aliquots. of lOfl^Q.-^ere allowed to flit for -32 days to permit
equilibrium between r^dium-246 ,-a.nd 'radon-222.- .The .rado.n-222. was. then isolated

..and coun£<2d. for'.9()0 min. -/Aliquots- of- th? ^-hour urine samples ..^@re also ana-
lyzed for elemental lead-and G^dm3Lym.;by- atomic absorption spec.tro^h Comedy &t
She LASL facility.
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APPENDIX 2

Methods for Detecting
Radionuclides in Animal Samples

The procedure employed for analysis of tissue and bone samples was an
adapta t ion c ^ a method developed aC the EPA Las Vegas Laboratory (Field Studies
Branch, Of f i ce of Radiation Programs) for collect ing the natura l ly occurring
uraniua-233 series of radionuclides on polystyrene air f i l te rs . In this proce-
dure samples were first wet-ashed with a combination of nitric acid, sulfuric
acid, and hydrogen peroxide to prevent volat i l izat ion of polonium and lead.
The bone samples were decomposed with only ni tr ic acid and hydrogen peroxide ^
Co avoid the precipitation oC large quantities of calcium sulfate with sulfuric
acid. Samples of bone were also boiled in 1.5 1 of water for 8 hours to simu-
late the leaching Chat would take place if bones were used in the preparation
^/f soup. Af te r the destruction of organic material , samples were treated wich
hydrofluoric acid to dissolve and volat i l ize silicates 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 sequential
radium and iron separation by precipitation techniques. Before decomposition,
all samples were spiked with both u>°232, Po-208, and Th"23^ tracers and a stable
lead carrier Co determine the chemical recoveries of these elements in the sepa"rat ion procedures,

In the anion exchange separation each saaple was d i lu ted with 9M HCl and
passed through an anion exchange column which removed uranium and polonium.
Absorbed iron was eluted with H I » and uranium and polonium were sequentially
eluted with di lute HCl and concentrated HNO^, respectively. The original
eluace (containing thorium) was di lu ted with 7H HNOg and passed through the
column again to remove the thorium. The thonut0,.was then eluted .with 9M HCl,
1'he uran ium and thorium £rac,txons were converted to su l f&tes and electroplated
on stainless steel di^cs. The polonium f rac t ion was converted to its chloride
salt and spontaneously plated on a nickel disc. The 3 discs were counted on an
alpha spectrometer to measure U-234, U-235. U-238 , .Th-230» Th-232, Po-210, and
the 0*232 and Po-208 tracers. Thorium recovery was determined by beta countingfor Th-234.

Radium-226.and Pb-210 were separated .by precipi ta t ing Ba(Ra)S04 in che
presence of HCl and then precipitating PbSO^ af ter removing the chloride

anion by evaporation. The concentration of Ra"226 was determined by the classi~ , .:
cal emanation technique. Lead-210 was determined by allowing its Po'"210 daugh-
ter to in^row for a period of approximately 3 months , followed by spontaneous
plating of the polonium on a nickel disc and analysis by alpha speccrometry.
For Pb-210 analysis, the lead recovery w^s 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 Pb-210was isolated.

^racCical detection limits for a typical analysis can be estimated from the
reagent blank analyses .pes-formed during this study- %e.ae limits,, which appear
below, are expressed on per sample, per 100 g t issue, and pec 5 g bone b^iaes.
Results below thaae limits should not be considered.signif icant; .

• .D^tdceion Limits for Radionuclide Analysis o.f Animal Samples,
Church Rock, New Mexico, 1979

U. Th
Po
Pb
Ra

i?er sample
^^isS^.

0.03
0.3
1
0.3

100 8 tissue

—te^L.
0.3
3

10
3

5 g bone

6
60

?-00
60
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0.39
1 - 9 e
0.37
0.68
8.0

11 .0
0 .45®

. 1.8
0.27
0.16

.. 1.0
1.9
O^6

2.4 ^
. 0 . 1 7
, 0.38®

.i U.O
., 1.4
?: 9.94 ,

y. i.i e
. 0.36 ;

--. 9.6 ,.
• - 6.0
- 9.2

3.6
4.2 •

•- 3.0
; 96.0

: O.^
-;. 7<8 -.

,. 0.290

PENUIX 3

Pb-210

1.7
2.6
2.1
2.6

12.0
50.0 135.0

7.9
14.0
63.0

135.0
51.0
2.0
1 .9
1 .1

14.0
4-1.0,
l^6

3.3
2,0
1.9

308.0
49.0
32.0
51.0
40.0

y4o.o
.̂ .0
87.0

107.0
37.0

' 5^
' 6.3
227.0
525.0

0.006

4
• ^

*•'s

•?

l
•'

PQ-2K
.-•i

s

8,0
1/.0
3.9
4.5

C57.0 J

30.0
26.0

265.0
655.0
W.O
J).fi6
-0.54
0.55

14,0
14.0

1.4
2,8 |
2.4 |
2.i I

53.0 |
30.0 |
18.0 (
29.0 |
32.0 |

463.0 .̂ |
159.0
227.0
301.0
172.0 . ̂

,.f
-A

10.0
12.0
?6.0

549.0

0.010 ,,

"'CoiicentrationB baaed on.-gr^afi countfi wichout subtraction of reagenc blankB
^Exposed ttniroala taken Croin herd< knowa CO vater at Rio Puerco or pipeline ariroyo; control anifflals taken troia

*reA» diatartC from Rio Pu-rco
eLocaCion on Figure 2; O^control .anintal from area-not on map; P'*eube .steak froffl L«a Vega? market; note that

tocation, A i« above, th 2 UNC.dam but downstream frogi.deya^c&^ng'-efHuenf oS UHC.aod-iCflrr-McGfie Bineo,
"Concaat.raCions/.b<iaed on wee 'deight
eEsCita^ced 3*29 aigiaa councing- erro? -is greater fchan or.equa^ to salfluiated concentration.
"Average hetueen 2 saro|»le3
gDupli^ace aaiaple

"Unite of pCi/eoup sample of approximately 1 . 5 l
^Alureal exposed^pri.cnari.ly Co-k-eU yater -Croa old Church Rock uranium fflinfi

JSheep .£rom area noc aitpoaed to-Church Rock uranium raining and (ttilUng (iffluenc, hue noted for. reportedly high
Izvaifl of background radiation

^Sainple leefc; Pb-210 conceocraei^fl esciat&Eed froro Pb"2lO:Poi;2lQ.rat;ia froin appropriate organ

32
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A n i m a l b

Cov

Exposed
Exposed
Control
Concrol
Exposed
Exposed
Control-1
Control-2
Exposed
Exposed
Ccntrol
Exposed
Exposed
Control

Sheep

Exposed
Exposed
Kxpoaed
Sxpoccd i

ConErol-1 J

Concrol"2
Exposed :

•Exposed
, Exposed i .
Control-1 J

.Control -2
Exposed
Exposed
Exposed 1

Concrol-1 ^
Goncrol-2

Coa^

i
Expo«ed
Exposed
Exposed
Exposed

"a——
"•Concentraci.

Organ I

Huscle
Muaela
Huscle

Cube SCeak6

Liver
Liver
Liver
Liver
Kidney
Kidney
Kidney

Bone (Soup)^^
BORS (Soup)
Bone (Soup)

Muscle.
Muscle
Muscle
Muscle
Muscle
Muscle
Liver:
Liver .
Liver
Liver
Liver
Kidney
Kidney
Kidney
Kidney
Kidney

Huflde
^uacle
Liver
Kidney

Ona baaed nn

a

0
K
I
0
0

.'U
K .1
£ •
0
0
D
K
r
0
o .

?.
L
L

ocattoi

J
A
0
P
J
A
0
0
J
A
0
A
J
0

F

P,

trt-rttT a '

Correct;*
£dible /

? U'-238~'

0.21V * 6 A

0.00
0.05
0.12
3.52
4.42
0.30
0.21
0.92
3.63
0.10
0.01
0.02
0.00

0.39
0.18
0.13
0.07
0.12
0.06

- 2 - 0 4
1.93
1.63
0.41
0.21
4.03
0.00
3.03
0-62
0.52

0 0 1*o /
0.53
0.56
0-77

id3 Radion
Inimal Org

JJ-235

0.00
0.01
0.00
0.02
0.00
0.11
0.00
0.10

10.18
0.25
0.00
0.00
0.00
0.00

0.10
0.00
0.04
0.00
0.00
0-00
0.17

. 0.03
0.12
0.02
0.00
0.08
0.00
0.42
0.00
0.08

0.00
0.00
0.00
0.26

i.

uclide Concei
ana, Church 1

R a d i o n u c l i <
u-234

0.40
0.15
0.39
0.44
3.58
4,28
0.04
0.52

10.98
3.08
0.05
0.00
0.02
0.00

0 0i&
.00

0.71
0.08
0.41
0.19
0.13

• 2.05
. 3.08

i.48
0.44
0.28
5.19
3.31
2.75

. 1.11
0.82

i.27
1.13
.0*53

. 0.59
«

ntracions in
lock, New He

Ie Concentra
Th-232

0.00
0.00
0.02
0.00
0<00
0.10
0.14
0.02
0.28
0.00
0.10
0.00
0.00
0.01

0.35
0.10
0.00
0.13
0.00
0.00
0.13
0..00
0-.00
0.09
O.P4

- 0.78
0.00
2.10
0.20

- 0,51

0.15
0.02
0,22
1 21A • •*• J

Samples of
xico» 1979

t ion (pCi /kp )
lh-230

0.02
0.00
0.14
0.00
0.33
1.61
0.09
0.91
0.34
3.11
0.12
0-00
0.00
0-05

0.26
0.20
0.00
0.14
0.00
0.11 „
1.01 ,-,

. 2.0'^ , -
- 0.12 -

0.03 .
.0.14 ..

. .4.37 :
1.94 ..

26.80 -
0.40 ^
3 qsJ t .FJ

0.89
O.-iS
l.U ;

-M7 .-.

Ra-226

0.00
0.00
0.00
0.00
0.00
0.80
0.00
0.00
6.85
9.92
0.09
1.55
0.02
0.00

0.00
0.00
0.00
1.28
0.00
0.00

. 9.601

0.37:-
O.OOl-
0.05.
0.00-
4.23
1-59.
6,61
O.op.
J . l ^ .

1.72.
52.62
0.00.
0.0.0 .

Pb-2t0

0.00
0.00
0.00
0.00
5,44

43.53
1.12
7.56

56.22
128.67
43-64
0.55
0.45
0.00

4.14
25.57
0.00"
0,00
0.00

• 0.00
293^7
^.96
^.15
4^.83
34.06

•/C8.48
26.11
72.20
80.15
A8.88

0.00
0.00

206.29'
/i71.3U

Po-210

6.64
15.56
2.57
3.21

5S.69
133.71
28.65
24.71

263.1.5
653.73
158^53

0.57
0-25
0,26

12.03
10.92
0.11
£.49
5,25
0.83

50.18
28.79
Jt6.a3
X 7 . 7 >
30.81

456.70
153.82
224.04
195*63
168,38

il,50
S.03

H.86
538^6

33

-y^ •< . u,y.U . 471.30 53(
•CT - i ' •

"'Concentraci.ona baaed on. gross counCs yith reagent; blanks subtracted

"Expcaed animAla taken froaa herds known So vater ae Rio Puerco or pipeline ae-yoyo; con-.rol an-i<raals fakert icomsreaa diacanC (roia Rio Puerco

^Location oo Pigure 2; O-control animal from a«rea not on nap; P^cube. seeak frotn Las Ve&ag roarket; nol-^ tha£
locacion A is above the UNC daol but .^ownatreani frora d^wacerirtg effluent of-UNC a^ .Kfiri-McGec mines.

"CooceatraCAooo. baaed on vet waight
^Avaragc bstwet-a 2 Bamplea
^Duplicate sample

SUniEB of pCi/aoup eaaple of approximately 1,3 I

^Saoiple IOBC; Fb-210 concentraciort eatifflaced froffl Pb-21Q;P.3-210 rae 10 ffoite ^pprppriai.e argan
^Aiyi.EBAl- eapoaed. primarily 60 uell water crora old Church Rock uranium mine

JSheep froo area not expoaed to Church Rock uranium niining and Bill ing afUueii t . buc noted for
reportedly high levels of background radiation

000553



1.

• « .'. *, t/.

i (

Anamal • Tissue

Sheep

Skin & Woa|
Muscle i
Liver
-Kidney
»B.lood

Sfcm & ^ool
Skin & t/ool
MusQle. f .„
Liver
Kidney
Stond

^All coneentraCions
^See Figure 2

r - .

(
*
i
s

Loc»

&
a.
2.
i.
i.

Es
0
;)
D
&
D

a yg/s

1

c

'

?

t

He

ionS?

/.- '

vec

av

Jl
»

2.
!•

weight

! •'.••» ; ,.i,ii^*itM i*«a*

?

4

,3^8
10
2

.16
<5

,070
398
. 7,
<5.
7.

<5.

<

Ket

Al

•

* • '
:al C<

f

.Oft
*02
.07
.69
.00

»
.00
00
43
00
43
00

i i

' '1

[3CTcefflCracs<
Cha ret

AS

0..65
<O.IO
<0.10

O.J15
0.18

1,64
0.49

<0.10
<0.10
O.U
0.14

ti-feii;! .i.̂  .JiBiM ,-.-.̂ ,

cma* in
i Rccfc^

^a

13.6-7
<2.oe
<2-00
<2.Q©
<2-00

42.88 •
<2,00
<2.00
<2.0Q
<2.00
<2.00

'''. r

Jd&E.Bti -.^e^i

Ar
^c

•

ti,

t
timt
iw h

.0
<0
<0
0

<G

0
2.

<0.
0-
0.

<0.

.-...- ̂ SLi^i^^

*
ilo Ex
•fexico

cd

.02

.01

.0!

.13

.01

.05
00
0!
11
53
01

posed to "i
. 1979

Pb

0.14
<C.IO
0.10

<0.10
<OJO

2.80
0.10

<0.l0
0.19
0.30

<0,IO

..IK .i-. :i t^^l*

'aili

M

<0
<0

1
0

<0

<0.
<0.
<0.
1,
0.

<Q,

Engs S

ro

.20

.20

.64

.28

.20

20
20
20
12
27.
20

»

--LteiaL

APPEN

pill,

Se

2.84
0.62
2.82
1.25
0.75

<O.IO
0.14
0.14
0.53
0.56
0.10

:ti ,. ••- i . ^ ' -

DIX 5

U

<0.50
<0.50
<0.50
<0.50
<0.50

<0.50
<0.50
<0.50
<0.50
<0.50
<Q.50

fflraisaa - •t 1 • '• "

v

0.95
<0.10
<0.10
<0.l0
<0.10

3.91
0.34

<0.l0
<0.10
<0.10
<0.10

2

45
35
35
14
5

34
48.
26.
38.
18.
5.

'—.-n

.05

.35

.42

.80

.19

.19
84
71
91
75
19

000554
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