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BASELINE RISK ASSESSMENT FOR GROUNDWATER CONTAMINATION

AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA CITIZENS' SUMMARY

CITIZENS" SUMMARY

This baseline risk assessment evaluates potential impact to public health or the
environment resulting from groundwater contamination at the former uranium mill
processing site near Monument Valley, Arizona. The tailings and other contaminated
material at this site are being relocated and stabilized in a disposal cell at Mexican Hat,
Utah, through the U.S. Department of Energy (DOE) Uranium Mill Tailings Remedial Action
(UMTRA) Project. The tailings removal is planned for completion by spring 1994. After
the tailings are removed, groundwater contamination at the site will continue to be
evaluated. This risk assessment is the first document specific to this site for the
Groundwater Project. It will be used to assist in determining what remedial action is
needed for contaminated groundwater at the site.

Currently, no domestic or drinking water wells exist in the contaminated groundwater.
Because no one is drinking the affected water and there is no surface expression of the
contaminated groundwater, there are no current health or environmental risks associated
with the contaminated groundwater. However, because groundwater contamination
extends nearly 1 mile from the former processing site and groundwater in the vicinity is
used for drinking water, this risk assessment evaluates potential future use of the
contaminated groundwater.

This risk assessment follows the basic approach outlined by the U.S. Environmental
Protection Agency. The first step is to evaluate groundwater data collected from monitor
wells at the site over the last five years. Evaluation of those data show that the main
contaminants associated with the site are nitrate, sulfate, strontium, vanadium, and
uranium. Of these, only nitrate, sulfate, and uranium are potentially toxic to humans at
the concentrations found at or near the site.

The next step in the risk assessment is to estimate how much of these contaminants
people would be exposed to if a drinking well were installed in the contaminated
groundwater. Because the contaminant concentrations vary each time a well is sampled
and because people vary in how much they weigh and drink, this risk assessment uses
probability distributions to determine how much of each contaminant would likely be
ingested if people had a well available at the site. The probability distributions describe
how likely it is for something to happen. For example, based on population survey data,
probability distributions can describe what percentage of people drink a half gallon of
water each day and what percentage drink only one cup of water each day.

These estimated amounts of contaminants that could be ingested in drinking water are
then compared to the potential toxic effects of these contaminant levels. Nitrate is the
most significant hazard in the groundwater at the Monument Valley mill site. Nitrate is of
primary concern for infants because at current levels it will interfere with their ability to
carry oxygen in the blood. This toxic effect only occurs in infants because infants absorb
nitrate from the stomach differently than adults. The nitrate level in groundwater as far as
0.5 mile downgradient of the the mill site exceeds the level that has been reported
elsewhere to be lethal when ingested by infants. For this reason, the DOE is working with
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the Navajo Nation to restrict access to contaminated groundwater until the site can be
further evaluated.

Other contaminants that occur at toxic levels are sulfate and uranium. Sulfate
concentrations near the site could cause severe diarrhea that could be particularly
dangerous in infants. Uranium concentrations at the site are associated with a potentially
increased risk of cancer. The additional lifetime cancer risk from ingesting contaminated
groundwater would be 7 in 100,000, on average. The amounts of vanadium and
strontium that could be ingested are much lower than any level associated with a toxic
effect.

This risk assessment also evaluates potential effects on livestock, if the groundwater were
used to water cattle or sheep. These animals are sensitive to nitrate toxicity. The nitrate
concentrations in groundwater up to 1000 feet to the northeast (downgradient) of the
former mill site are high enough to kill these animals if they drink the contaminated
groundwater.

Based on current understanding of groundwater conditions, flow direction, and flow rate,
no surface expressions (for example seeps) of the contaminated groundwater now occur.
Therefore, at this time wild or domestic animals cannot come into direct contact with
contaminated groundwater. However, plants may take up contaminants in groundwater,
and then be eaten by wild or domestic animals. Without additional data, it is difficult to
evaluate whether this pathway represents an ecological concern. However, no ecological
threat exists to the plants themselves, either irrigated or having roots in contact with the
most contaminated groundwater.

Livestock currently drink water from the frog ponds east of the site. These ponds are f¢,d
from a portion of the unconsolidated aquifer that is not affected by the contaminant
plume. An assessment of the water quality in these ponds indicates that no adverse
effects to livestock or vegetation would result from exposure to this water.

The potential exists for future surface expression of contaminated groundwater as the
contaminant plume moves to the northeast. Currently, the plume does not extend far
enough for this to occur. Increased monitoring in the area of potential surface expressions
is being considered to determine if and when such expressions could occur and what
contaminant concentrations would be at that point.

Monitor wells are sampled routinely as part of the Monument Valley remedial action (the
relocation of tailings to Mexican Hat). The Monument Valley site will be further evaluated
during the groundwater activities of the UMTRA Project. This evaluation is underway and
includes further characterization of the groundwater and its movement. Based on these
results and this risk assessment, an approach will be developed to address contaminated
groundwater. This approach will be presented in an environmental assessment that will
include public and tribal government involvement. In the interim, access to contaminated
groundwater will be controlled.
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1.0 INTRODUCTION

The purpose of this baseline risk assessment is to determine whether the groundwater
contamination at the Monument Valley, Arizona, uranium mill tailings site has the potential
to adversely affect public health or the environment. The Monument Valley site is one of
24 abandoned uranium mill tailings sites that are undergoing remediation in accordance
with the requirements of the Uranium Mill Tailings Radiation Control Act (UMTRCA) of
1978 [Public Law (PL) 95-604] under the oversight of the U.S. Department of Energy
(DOE).

The first phase of the Uranium Mill Tailings Remedial Action (UMTRA) Project at
Monument Valley is designed to stabilize the tailings in a disposal cell that minimizes
1) radon and other radiation emissions and 2) further contamination of groundwater. The
tailings and other contaminated materials will be transported 17 miles (mi) [27 kilometers
(km)] north to the Mexican Hat, Utah, disposal cell for stabilization. Movement of the
tailings is in progress and should be completed by spring 1994.

Next, groundwater contamination will be evaluated to determine if any remedial action is
necessary and to implement such action. The DOE was authorized to perform
groundwater restoration in the 1988 amendments to UMTRCA.

The evaluation strategy and remediation methodology for contaminated groundwater at the
UMTRA sites will be described in "Programmatic Environmental Impact Statement for
Groundwater Contamination at the UMTRA Sites" (DOE, n.d.), currently in preparation.
This baseline risk assessment is one of 24 site-specific documents prepared to evaluate
potential health and environmental risks and provide information to assist in determining
what remedial action is necessary. Based on the Programmatic Environmental Impact
Statement, additional groundwater characterization, and this risk assessment, a
site-specific environmental assessment will be prepared to evaluate and select remedial
action for the Monument Valley site.

This first assessment of groundwater-related risks is based on available groundwater data.
Where this data base is insufficient to adequately evaluate risks, critical data gaps will be
identified. Because for most UMTRA sites this is the first look at risks from site-related
contamination of groundwater, only the major exposure pathways are evaluated here. If
future decisions or actions at this site cause the primary pathway to change, other
pathways will be evaluated in more detail at that time. This document will be updated
following completion of the site characterization phase of the project.

This risk assessment follows the basic approach prescribed by the U.S. Environmental
Protection Agency (EPA) for evaluating hazardous waste sites for potential health and
environmental impacts resulting from groundwater contamination at the Monument Valley
site. The baseline risk assessment will include the following steps:

• Data evaluation.

- Combining existing data from various site investigations.
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Comparing sample results with background and tailings source data.

Selecting chemical data for use in the risk assessment.

• Exposure assessment.

- Characterizing exposure setting.

- Identifying exposure pathways. , ,

- Quantifying exposure.

• Toxicity assessment.

- Identifying toxicity values.

- Evaluating noncarcinogenic effects.

- Evaluating carcinogenic effects from radionuclides and chemical carcinogens.

• Public health risk characterization.

- Comparing toxicity ranges to predicted exposure ranges.

- Combining risks across exposure pathways and multiple contaminants.

- Characterizing uncertainties.

• Environmental risk.

- Characterizing potential biota exposure pathways.

- Identifying potential ecological receptors.

- Evaluating environmental risk qualitatively.

These steps are used to estimate risks from current and potential future use of
groundwater.
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AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA SITE DESCRIPTION

2.0 SITE DESCRIPTION

The Monument Valley site is located on the Navajo Reservation in northern Arizona, 13 mi
(22 km) east of the Monument Valley Navajo Tribal Park in a remote area near Cane Valley
(Figure 2.1). The site is located on Bureau of Indian Affairs (BIA) Navajo Service Road
6440, 17 road mi (27 km) south of the Mexican Hat disposal site. Two uranium mill
tailings piles were at the base of Yazzie Mesa at an elevation of approximately 4900 feet
(ft) [1500 meters (m)] above mean sea level (Figure 2.2).

Timetailings piles are currently being moved to the Mexican Hat disposal cell as part of the
surface remediation at the site. The upper tailings pile was in an ephemeral drainage
channel that flows into Cane Valley; the pile covered approximately 11 acres (ac)
[4 hectare (ha)] and had a mean thickness of 11 ft (3 m). The lower pile covered 17 ac
(7 ha) with an average thickness of 24 ft (7 m). Total volume of tailings in the two piles
was approximately 842,600 cubic yards (yd3) [644,300 cubic meters (m3)]. As a result
of milling operations, an additional 55 ac (22 ha) at the site showed surface
contamination. These areas include an evaporation pond, an ore storage/mill yard, a batch
leach yard, and areas contaminated by windblown tailings. Several year-round residences
are within 0.5 mi (0.8 km) of the site. At least three points of surface-water expression
(seeps) have been identified in the valley.

2.1 SITE BACKGROUND

The mill at Monument Valley operated from the summer of 1955 to 1968.
From 1955 until 1964, the site consisted of an upgrader plant which produced a
slime concentrate that was trucked to mills in Durango, Colorado, and Shiprock,
New Mexico, leaving behind sand tailings which form the majority of the lower
tailings pile. In 1964, the upgrader was replaced by a concentrator and batch
leach facility. Sand tailings were leached in a batch process with sulfuric acid.
Low grade ores were heap-leached with sulfuric acid in the region of the upper
tailings pile. The acid-leach solutions from both operations were neutralized to
pH 4 with ammonia and then to pH 7 with lime.

2.2 CLIMATE

The climate in the area of tile Monument Valley tailings is arid with less than
6 inches (in) [I 5 centimeters (cm)] annual precipitation relatively evenly
distributed throughout the year, although somewhat greater during the July
through October thunderstorm period characteristic of the Colorado plateau.
Snowfall statistics are not available for Monument Valley, but Mexican Hat,
17 road mi (27 km) north, had an annual average of 3.3 in (8.4 cm) for the
20-year (yr) period ending in 1980 (Stevens et al., 1983).

Temperatures can show considerable variation within 24-hour (hr) periods and
across seasons. Winters are cold with temperatures below freezing from
November through March. Summers are hot with highs from the 90s to the low
100s degrees Fahrenheit (32 to 38 degrees Celsius).
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BASELINE RISK ASSESSMENT FOR GROUNDWATER CONTAMINATION

AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA SITE DESCRIP'I'ION

2.3 HYDROGEOLOGY

2.3.1 Phvsioqraphic setting

The tailings site is located on the west side of Cane Valley, a northward draining
strike valley eroded into the Chinle Format!_n. The valley floor elevation is
approximately 4800 ft (1500 m) along Cane Valley Wash east of the tailings pile
(Figure 2.3). Figure 2.3 also shows the locations of the wells discussed in this
report. The valley is bordered on the east by Comb Ridge (Figure 2.2), a 600-ft
(200-m) high escarpment of Navajo, Kayenta, and Wingate Sandstones. On the
west side of the valley (where the tailings were located), the bedrock, which
dips to the east at approximately 5 degrees, rises up to Yazzie Mesa at an
elevation of over 5300 ft (1600 m) (Figures 2.4 and 2.5). The valley between
these bedrock outcrops is filled with wind-blown (eolian) sand and some
transported gravel and rock fragments (unconsolidated aquifer).

2.3.2 StratiqraDhv

The major hydrostratigraphic formations of concern underlying the Monument
Valley UMTRA site are, in descending order, the unconsolidated eolian and
alluvial deposits (hereafter referred to as the unconsolidated aquifer), the
Shinarump Member of the Chinle Formation (called the Shinarump
Conglomerate), the Moenkopi Formation, and the DeChelly Sandstone of the
Cutler Formation (Witkind and Thaden, 1963). Figure 2.5 shows the Shinarump
Conglomerate, the Moenkopi Formation, and the DeChelly Sandstone in an
outcrop on the eastern flank of Yazzie Mesa west of the tailings pile. Figure 2.6
depicts a cross section beneath the site at the location identified in Figure 2.3.

The dune sands are well sorted, wind-blown deposits of fine- to medium-grained
sands. The unconsolidated aquifer includes sands and gravels and transported
fragments of bedrock. This unconsolidated aquifer is more than 80 ft (24 m)
thick in the center of Cane Valley and feathers out on the dipping bedrock along
the western side of the valley. The western side of the lower tailings pile rests
on the bedrock whiie the eastern side of the pile is on more than 50 ft (15 m) of
unconsolidated aquifer as shown on the cross section in Figure 2.6.

The Shinarump Conglomerate consists of lenticular, cross-bedded formations of
sandstone and conglomerate with occasional thin mudstone layers. It ranges in
thickness from 20 to 85 ft (6 to 26 m) in the vicinity of the site. The
Shinarump Conglomerate directly underlies the upper tailings pile and occurs
below the unconsolidated aquifer under the lower tailings pile.

The Moenkopi Formation, a shaley siltstone and sandstone, underlies the
Shinarump Conglomerate. It is 50 to 60 ft (15 to 20 m) thick beneath most of
site, but thins to the west and is only about 20 ft (6 m) thick beneath the upper
pile. The Moenkopi Formation acts as an aquitard between the Shinarump
Conglomerate and the underlying DeChelly Sandstone Member of the Cutler
Formation.
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BA' BASELINE RISK ASSESSMENT FOR GROUNDWATER CONTAMINATION

A1 AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA SITE DESCRIPTION
===,_

The DeChelly Sandstone is a massive, cross-bedded, fine-grained sandstone,
approximately 500 ft (150 m) thick beneath the site. It is the lowest aquifer
beneath the Monument Valley taiiings site and is underlain by the low
permeability Organ Rock Shale.

2 2.3.3 Presence and movementof groundwater

Unconsolidated aquifer

Groundwater within the unconsolidated aquifer is unconfined. Depths to
groundwater range from the land surface near Cane Valley Wash to slightly
more than 10 ft (3 m) below the lower tailings pile. This unconfined
groundwater is recharged by underflow from upgradient and by precipitation.
Some leakage may also occur upwards from the deeper confined portions of the
Shinarump Conglomerate and DeChelly Sandstone through the confining beds.
Some recharge to the unconsolidated aquifer is also provided by discharges from
artesian monitor wells 611,613, and 615 and former production well 625
completed in the DeChelly Sandstone.

East of the tailings area and on the opposite side of Cane Valley Wash, as
shown on Figure 2.3, a spring-fed pond may also provide recharge to the
unconsolidated aquifer in the lower part of the valley.

A water table contour map for the unconsolidated aquifer is also shown in
Figure 2.7. Groundwater in the area of the site flows to the north-northeast
under an average hydraulic gradient of 0.01. This water moves down the valley
as underflow, with some discharging to Cane Valley Wash.

The piezometric head in one of the monitor wells that is screened in the
unconsolidated aquifer, well 654, is approximately 1 ft (0.3 m) above land
surface, even though the ground around the well is dry (Figure 2.6). This
elevated water level indicates that the well screen at 34 to 58 ft (10 to 18 m)
below land surface has encountered water with a higher piezometric head than
the water table. In an unconfined aquifer, this occurrence means the
groundwater flow lines are curved upwards. At this location, the groundwater
is rising to join the surface flow in Cane Valley Wash.

The same groundwater flow pattern is anticipated on the eastern side of Cane
Valley Wash and is probably the source of the spring mentioned above. These
opposing flow regimes will prevent water on one side of the valley from
crossing to the opposite side. The water elevation from well 654 is not included
in the water table contour map because it is not thought to be representative of
the shallow water table flow regime.

The hydraulic conductivity computed from aquifer pumping test data resulted in
a value of 19 ft/day [6 meters per day (m/day)]. The linear groundwater
velocity in the unconsolidated aquifer was calculated using a hydraulic gradient
of 0.01 and an assumed effective porosity of 0.25. Groundwater velocity in the

L DOE/AL/62350-43D SEPTEMBER 16, 1993

l REV. 1, VER. 2 HATOO4V2.WP2

2-8



lOg'52' 3O"

_,+.'__'"-'J __ 3/" _ i,..{,(
t_ _,t,',I'_o,-------,,_ __A-"
<.,_-" ,vx _ '-'477o.1!",,t I', ._ 8o0"

CA< .,,_ ..

ri_ /,_9," : s -'I_..t48oo.o,( _.."-" ,,r-_,
;s----f<L._"F'-___-J_'',,__..j _/

..... _,_.s
,,,,., <> _'. _o_'_,_:_,",_"- 72l..-' _zr;___._._@t,;_.,;_ _si

"<_'_D.U;_'-,".7,,,+, -I). r- ..d

-,,' ",-'D : w,<k,,s,,_..,, t ( )_
.". __ "") ,, __-">_' .. , oto2/_ ,. ,_,,/,..-" t/_.,,(,,

o :)-....k
-'--, _ >7,_'a,/) ,,' ) r" r,_i_'
-_ _ °;7',;" S:>-,.,s,--- .,->_)_,
- <. ,_ .i,, ,," er.,,-.,; 7d_Tr

.;),, /,_> ,,,,,' , _,
Io_'=='_ LEGEND

1000 0 1000 2000 FEET
I/_ SURFACE TOPOGRAPHIC CONTOUR O617 ALLUVIUM MONITOR WELLS

=11roll llll Illmll"""_"_"_ _

200m___0 200 400i METERS LINES 20/100 F'I' iNTERVALS ,F'I GROUNDWATER FLOW IN
III RESIDENCES _ UNCONSOLIDATED AQUIFER_k

--- DIRT ROAD i - 0,01

r'l DOMESTIC WELL ,,,-,,,-, ELEVATIONOF WATER TABLE

ABOVE MEAN SEA LEVELTAILINGS PILE (CONTOUR INTERVAL = 10 FEEl')NOTE: UNCONSOLIDATEDWATER TABLE SURFACE

BASED ON AVERAGE STATIC WATER LEVELS === - = INFERRED ELEVATIONOF WATER

BETWEEN3/85 AND 2/93, AVERAGE TABLE ABOVE MEAN SEA LEVEL
VARIATION DURING PERIOD:0.8'

MAXIMUM VARIATION IN ANY WELL: 1,3'

* BASED ON 3-PT. SOLUTION USING WELLS

B04, 605, AND 608 FIGURE 2.7

WATER TABLE CONTOURS IN UNCONSOLIDATED
AQUIFER - MONUMENT VALLEY, ARIZONA, SITE

I:_FL3,O1U_BRA'NNA ................... CADMON05:DRW
2-9



BASELINE RISK ASSESSMENT FOR GROUNDWATER CONTAMINATION

AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA SITE DESCRIPTION

unconsolidated aquifer is approximately 300 ft/yr (90 m/yr). JAil calculations
are included in Appendix F of the Monument Valley and Mexican Hat remedial
action plan (DOE, 1993).]

$hinarump Conglomerate

Groundwater within the Shinarump Conglomerate occurs under both unconfined
and confined conditions. Water entering the Shinarump through outcrops along
the western side of the valley will be unconfined and move downdip to the east.
Where this water moves beneath the sandstone layers, it may become confined.
The infiltrating water joins other groundwater that is moving from farther south
or that may have leaked from the DeChelly Sandstone below the Moenkopi
Formation.

Water level measurements at the site indicate the groundwater moves to the
north under approximately the same average hydraulic gradient (0.01) as in the
unconsolidated aquifer. A potentiometric surface map for the Shinarump
Conglomerate is shown in Figure 2.8.

Hydraulic conductivities computed from four slug tests in the Shinarump
Conglomerate varied from 0.4 to 8 ft/day (0.1 to 2 m/day). The groundwater
velocities were calculated using a hydraulic gradient of 0.01 and an assumed
effective porosity of 0.1. The range of linear velocities for groundwater flow is
from 15 to 300 ft/yr (5 to 90 m/yr).

DeChe!lv Sandstone

Groundwater within the DeChelly Sandstone is generally confined by the
overlying Moenkopi Formation. This confined groundwater flows northward
from recharge areas to the south and west. The groundwater in the DeChelly
Sandstone also flows under an average hydraulic gradient of approximately 0.01
to the north-northeast. A potentiometric surface map for the DeChelly
Sandstone is presented in Figure 2.9.

The hydraulic conductivity computed from an aquifer pumping test in the
DeChelly Sandstone was 6 ft/day (2 m/day). Using a hydraulic gradient of 0.01
and an assumed effective porosity of 0.11, the average linear groundwater
velocity is 200 ft/yr (60 m/yr) (DOE, 1993).

Vertica! gradients

An upward, vertical hydraulic gradient exists between the DeChelly Sandstone
and the overlying aquifers. In some cases, there is also evidence of an upward
gradient between the Shinarump and the overlying unconsolidated aquifer. This
is supported by Figures 2.7, 2.8, and 2.9.
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BASELINE RISK ASSESSMENT FOR GROUNDWATER CONTAMINA]ION

AT TFtE URANIUM MILL TAILINGS SITE NEAR MONUMEN1 VALLEY, ARIZONA SI1E DESCRIPTION

2.3.4 Surface w at err_£/_e.g_tme

Surface water features in the vicinity of the Monument Valley site include Cane
Valley Wash and several small ephemeral drainage channels (arroyos) as shown
in Figure 2.10. Cane Valley Wash has a drainage area of approximately 90
square miles (mi2) (230 km 2) [57,000 ac (23,000 ha)] south of the tailings site.
East and South Arroyos drain about 710 ac (290 ha) south of the tailings site.
These arroyos join approximately 300 ft (90 m) east of the lower tailings pile
and continue northward into the wash. West Arroyo drains a 1120-ac (453-ha)
watershed on Yazzie Mesa southwest of the tailings pile. The upper tailings pile
and heap-leach pad area were located in this arroyo.

The surface water flow in Cane Valley Wash is supplemented by discharge from
a spring located on the east side of the wash, as shown in Figure 2.11. Water
from the spring flows out of an excavation in the unconsolidated aquifer into a
rectangular-shaped excavation and then into Cane Valley Wash. From there, the
water flows into a series of excavated ponds and depressions on the floodplain
of Cane Valley Wash. Figure 2.1 2 shows these ponds and the lush vegetation
indicating high water table conditions in the bottom of Cane Valley downstream
of the spring. Approximately 2 ml (3.2 km) north of the site near surface
sampling location 620, another series of springs that feed into Cane Valley
Wash are noted on the U.S. Geological Survey (USGS) topographical maps
(Figure 2.3). In wet years, the meadow region surrounding Cane Valley Wash
continues for several miles, providing pasture for several herds of cattle and
sheep and a watering and nesting area for waterfowl and other wildlife.

Of particular importance to this baseline risk assessment is that the spring east
of the site is located on the opposite side of Cane Valley Wash from the tailings
pile and is at a higher elevation than the bottom of the Wash, as shown on the
topographic map in Fig,_re 2.3 and in the photograph in Figure 2.11. As
discussed earlier, this spring is probably fed by groundwater moving up out of
the unconsolidated aquifer from the east and south. Therefore, the quality of
water from the spring probably has not and will not be affected by contaminants
associated with the former milling operations. Also important is the probability
that the flow from the spring is significantly greater than the contribution of
groundwater to the surface water flow in Cane Valley Wash. Therefore, the
uncontaminated spring outflow should dilute any contaminated groundwater
that may reach the surface stream from the west, or tailings side, of the valley.

2.4 LAND USE

Individual members from the Navajo Nation do not literally own land; land use
rights are maintained by several systems of land tenure. The Navajo system for
land assignment consists of grazing permits. The grazing permit system was
developed in the 1940s to assign land based on sheep units. A Navajo cannot
establish a residence without a grazing permit. These permits are usually
passed down or subdivided for family members. The BIA oversees pert_it
registration.
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FIGURE 2.10
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BASELINE RISK ASSESSMENT FOR GROUNDWI_TER CONTAMINATION

AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA SITE DESCRIPTION

The location of area residences is noted in Figure 2.2. One occasional and six
full-time residences are currently located within a 1-mi (1.6-km) radius of the
site. Two of the full-time residences lie due south of the tailings pile, and four
residences are along the east side of Cane Valley Wash and slightly south of the
pile. The remaining full-time residence is adjacent to the site at the north-east
corner. Two additional full-time residences and one occasional residence are

located along BIA service road 6440 within 2 mi (3.2 km) north of the site.

Most residents of the valley maintain small herds of cattle, goats, and/or sheep.
These animals range freely through the valley, but the primary grazing area is a
meadow in Cane Valley. The meadow is supported by the frog-pond drainage
running north through the valley for several miles (see Figure 2.1 2). In addition
to livestock, several residents maintain vegetable gardens consisting primarily of
corn, squash, and melons.

2.5 WATER USE

Because of the limited and highly variable supply of surface water, groundwater
is an important resource. Installation of wells and water systems on the Navajo
reservation is funded and arranged by the Indian Health Service (IHS).

Homes in the vicinity of Monument Valley do not have plumbing, water, or
sewage systems. Domestic water use referred to below encompasses drinking,
bathing, and watering vegetable gardens and domestic pets. Livestock primarily
drink surface water as described in later sections.

Five points of groundwater withdrawal, in addition to DOE-placed monitor wells,
are known to exist within a 2.5-mi (4.0-kin) radius of the pile (Figure 2.2).
These wells are IHS hand-pump wells at the two residences due south of the
pile; one hand-dug, hand-pump well in Cane Valley Wash; a windmill-pump
well at a residence 2 mi (3.2 kin) north of the site; and an IHS well in Cane

Valley Wash approximately 2.5 mi (4.0 km) north and slightly east of the site.

The hand-pump wells at the residences south of the pile are used as a domestic
water supply by several families in the valley. These wells (61 6 and 617) have
been monitored regularly as part of the DOE/UMTRA groundwater monitoring
effort at the site. Their exact completion depth is unknown but is thought to be
in the unconsolidated aquifer. Water quality in these wells shows no sign of
contamination and is indistinguishable from background water quality in the
region.

The hand-pump well southeast of the site in Cane Valley Wash currently is not
in use because of the bitter quality of the water. Residents in the vicinity of this
well carry their water from either well 616 or 617, or they use water flowing
from artesian monitor well 61 3, completed in the DeChelly Formation.

The residents at the northeast corner of the site currently use water from an
artesian former production well. This well is also completed in the DeChelly
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BASELINE RISK ASSESSMENT FOR GROUNDWATER CONTAMINATION

AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA SITE DESCRIPTION

Formation and has been monitored regularly by the DOE/UMTRA Project as
well 625. No contamination has been observed in this well.

Residents living north of the site along BIA road 6440 obtain their water from
the windmill-pump well which also appears to be completed in the DeChelly
Formation. This well is also used to fill a stock pond located on the same
property.

Livestock drink water pooling around the artesian monitor wells 613 and 625, or
they drink from the frog ponds or the small stream flowing north from the ponds
through Cane Valley Wash. USGS maps reveal at least one additional spring
approximately 2 mi (3.2 km) north of the site, east of road 6440 near surface
sampling location 620, that also drains to Cane Valley Wash. During periods of
drought, residents dig out springr, in the valley to water their stock. This has
occurred both in the vicinity of the frog ponds and in the spring region north of
the site in the proximity of sampling location 620. Although these are the only
two instances that have been verified, it is likely that this access to
groundwater also occurs in other locations.
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BASELINE RISK ASSESSMENT FOR GROUNDWATER CONIAMINATION

AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA EXTENT OF CONTAMINATION

3.0 EXTENT OF CONTAMINATION

The locations of current monitor wells are shown for the unconsolidated aquifer,
Shinarump Conglomerate, and DeChelly Sandstone in Figure 2.3. The sampling, or
screened, intervals within each of these wells is given in Table 3.1, as well as the number
of samples obtained since 1988. In this risk assessment, only samples from 1988 to the
present were used to assess water quality. This decision is based on i) sufficient number
of samples for that period in wells used for evaluation, and 2) improved analytical
detection limits and quality control procedures during that time. Table 3.1 also indicates
the specific wells in each aquifer that were used to define background water quality and
the wells in each aquifer that have the highest levels of contaminants and have therefore
been used to determine potential health and ecological risks.

3.1 BACKGROUND WATER QUALITY DATA SUMMARY

Background water quality is defined as the quality of water that would be
present had uranium processing activities not occurred. Background
groundwater quality in the unconsolidated aquifer was evaluated by analyzing
water samples collected from upgradient monitor wells 602 and 603 and from
domestic wells 616 and 617 (Figures 2.2 and 2.3). This water is a sodium
bicarbonate type with total dissolved solids (TDS) of 406 ± 43 milligrams per
liter (mg/L) and pH of 7.73 ± 0.23. Background groundwater quality in the
Shinarump Conglomerate was evaluated by analyzing water samples collected
from upgradient wells 601 and 615 (Figures 2.3 and 2.8). This water is similar
in composition to that of the unconsolidated aquifer water and is also a sodium
bicarbonate type with TDS of 382 ± 54 mg/L and pH of 7.77 ± 0.63.
Background groundwater quality in the DeChelly Sandstone has been evaluated
by analyzing water samples collected from upgradient wells 612 and 613
(Figures 2.3 and 2.9). This water is a mixed sodium-calcium to sodium-
magnesium bicarbonate type with TDS ranging from 118 to 321 mg/L and pH
ranging from 7.37 to 8.46. All the background waters show oxidizing
conditions [Eh greater than 400 millivolts (mV)].

3.2 MAGNITUDE OF SITE-RELATED GROUNDWATER CONTAMINATION

The main contaminants (in terms of mass) resulting from milling operations at
the site are sulfate and nitrate. Under the geochemical conditions found in the
shallow groundwater, sulfate travels essentially at the same rate as
groundwater. Therefore, sulfate can be used to define the extent of the
contaminant plume originating from the site.

Plume definition

The general shape of the plume has been defined by contouring sulfate
concentrations in groundwaterdowngradient from the site. The resulting map,
an isopleth map, is shown in Figure 3.1. Because there are not enough
sampling points to distinguish contributions from the upper and lower tailings
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BASELINE RISK ASSESSMENT FOR GROUNDWATER CON'rAMINA11ON

AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA EXTENT OF CONTAMINATION

Table 3,1 Groundwater monitor well network at tailings sites

Screened interval (depth below surface)

No. samples
Well no. (ft) (m) since 1988

UNCONSOLIDATED AQUIFER

Upgradient

602a 33 53 10 16 7

616 a b b b b 5

617 a b b b b 4

Crossgradlent

603 a 33 53 10 16 6

604 13 28 4 8 6

605 14 29 4 9 8

654 57 77 17 23 9

Downgradient

606 c 32 42 10 13 9

650 78 98 24 30 2

651 20 80 6 24 9

652 34 54 10 16 5

653 56 76 17 23 9

655 c 38 58 12 18 10

656 38 58 12 18 3

662 35,5 67.5 11 20 5

669 34 54 10 16 2

SHINARUMP AQUIFER

Upgradient

601a 12 22 4 7 4

610 63 83 19 25 0

658 135 155 41 47 0

Crossgradient

615a 68 88 21 27 2

Downgradient

607 12,5 22,5 4 7 0

609 7 12 2 4 0

614c 48 68 15 21 8

659c 87 107 27 33 9

660 133 153 41 47 6
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BASELINE RISK ASSESSMENT FOR GROUNDWATER CONTAMINATION
AT THE URANIUM MILL TAILINOS SITE NEAR MONUMENT VALLEY, ARIZONA EXTENT OF CONTAMINATION

Table 3.1 Groundwater monitor well network at tailings sites (Concluded)

Screenedintelval (depth below surface}

No. samples
Well no, (ft) (m) since 1988

....... ,, ,,, , ii im,,,,

DECHELLYAQUIFER

Upgradient
612 a 175 195 53 59 1

613a 138 158 42 48 8

661 190 210 58 64 0

CrossL_adient

611 a 163 183 50 56 1

625 a b 3

Downgradient
608 98 118 30 36 0

619 b 0

657c 121 136 37 41 6

663c 175 215 53 66 9

664 211 231 64 70 0

668 180 200 55 61 1

aWells used to establishbackgroundwater quality for purposesof risk assessment.
bWells are either domestic or productionwells for which log data are not available.
CWellswith highestcont;aminantconcentrationsused in modelingpotentialexposuresfor
purposesof risk assessment.
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BASELINE RISK ASSE55MEN1 FOR (tROtJNL)WATER CONTAMINA110N

AT THE URANIUM MILL TAILING5 SIIE NEAR MONUMENT VALLEY, ARIZONA EXIENT OF. CONTAMINATION

piles, only a single plume is depicted emanating from the tailings. The second,
smaller plume depicted around well 605 is not thought to be site-related.

The precise periphery of the plume is difficult to define solely on the basis of
sulfate concentrations. This is evident in well 605, which has high sulfate,
suggesting it is in the plume but it does not have elevated concentrations of
other site-related contaminants (e.g., nitrate). A better way to define the
periphery of the plume is through chloride versus sulfate plots. Both of these
analytes are conservative constituents in the peripheral wells and by definition
travel at essentially the same rate in groundwater. Figure 3.2 shows that nearly
all background groundwaters have chloride:sulfate (C1:SO4) ratios greater than
1:10. Therefore, the 1:10 ratio provides a reasonable discriminator between the
plume and background. Wells within the plume have CI:SO, ratios that are
inversely proportional to their degree of contamination. For example, in the
center of the plume, well 655 has a CI:SO4 ratio near 1:100 (Figure 3,3). The
peripheral wells in the unconsolidated aquifer (656,662, and 669) have CI:S04
less than 1'.10 suggesting they are within the plume (Figure 3.3). Wells 606
and 653 are intermediate in contaminant levels and fall midway between the
central and peripheral wells in their C1:SO4 ratios. Although well 605 has
relatively high sulfate concentrations, the CI:SO4 ratio is in the range of
background values (Figure 3.4), suggesting the high sulfate in this well is not
due to contamination from the site. It may reflect dissolution of eveporite (e.g.,
playa lake) deposits in the unconsolidated aquifer. Downgradient
unconsolidated aquifer wells 650, 651,652, and 654 generally have C1:SO4
greater than 1:10 and are not impacted by the plume (Figure 3.4).

Based on Cl:SO4 ratios, groundwaters from Shinarump wells 614 and 659 and
deeper well 657 may also contain a small plume component as shown in Figure
3.5. As discussed in Section 2.3.3, well 657 was originally drilled as a
DeChelly monitor well. However, the driller's log indicates that the sandpack
brackets the unconsolidated aquifer and DeChelly Sandstones in a region where
the Shinarump Conglomerate and Moenkopi Formation are absent. Therefore, it
is difficult to determine how representative this well is of the DeChelly
Sandstone.

Figures 3.6 to 3.9 present the observed concentrations of nitrate, uranium,
strontium, and sulfate for background and plume wells in the unconsolidated
aquifer and for corresponding wells in the deeper zones. These constituents
associated with the plume are slightly but consistently elevated above
background in wells 614 and 657 (Figures 3.6to3.9). Well 659 does not show
elevated concentrations of these constituents. The C1:SO4ratios less than 1:10,
in combination with concentrations of the four main plume contaminants over
background levels, reinforces tile conclusion that some site-related
contamination may be present in these wells (657 and 614). A puzzling aspect
of the water quality in these wells is that uranium concentrations actually
increase with well depth from 655 to 614 to 657 (Figure 3.7), while other
contaminants decrease with depth and show only minor elevations from
background. Because there is no geochemical explanation for preferential
migration of uranium from the tailings piles through groundwater, these elevated
levels may reflect contribution from a nearby uranium ore body in addition to
site-related effects as evidenced by the presence of nitrate.

DOE/ALI62350-43D SEPTEMBER 16, 1993
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BASELINE RISK ASSESSMENT FOR GROUNDWATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA EXTENT OF CONTAMINATION

An isopleth map of nitrate concentrations in unconsolidated aquifer groundwater
is shown in Figure 3.10. The figure shows that elevated nitrate concentrations
are found at locations up to 3000 ft (900 m) downgradient of the tailings pile.
Within the plume, nitrate concentrations range up to 1600 mg/L as nitrate.

3.3 CONTAMINANTS OF CONCERN

The data presented in Sections 3.1 and 3.2 are summarized in Table 3.2 for the
unconsolidated aquifer. These data were used to compile a list of contaminants
of potential concern for the assessment of human health or environmental risks
at the Monument Valley site. Corresponding data for the Shinarump
Conglomerate are presented in Table 3.3. In general, a contaminant was placed
on the list of contaminants of potential concern (Table 3.4) if the contaminant
was detected in excess of background in monitor wells and if the site is a likely
source for the contaminant. Although some constituents not identified as
exceeding background have either median or maximum values that appear to
exceed background, these constituents can not be said to exceed background
for the following reasons: 1) insufficient number of samples in either
background or downgradient wells, 2) differences in detection limits between
background and downgradient analyses (due to different sampling dates), or 3)
detection of the constituent in only one or two of the much larger total number
of samples analyzed.

The constituents identified in column 1 of Table 3.4 were screened for their

impact on human health using the criteria discussed below to develop a final list
of contaminants of concern for human health. Because ecological impacts differ
from effects on human health, the complete list of contaminants will be
considered for ecological risk assessment in Section 7.0 Several constituents
that were detected above background were deleted from the final list of
contaminants of potential concern for human health because they are essential
nutrients and the levels at which they are detected are within nutritional ranges.
These chemicals include chloride, iron, manganese, potassium, and zinc.

Final screening of the remaining contaminants was based on the very low
toxicity and relatively high normal dietary intake compared to the values
detected. This criterion was used to rule out calcium, magnesium, silica, and
sodium.

Although ammonium is not considered as a dietary component, it is produced in
the human body at levels that exceed 4000 mg/day (Summerskill and Wolpert,
1970), roughly an order of magnitude more than would result from ingestion of
the most ammonium-contaminated water at the site (381 rag/L). Although
these levels are substantially higher than background, they are not likely to be
associated with adverse health effects. However, the detected concentrations
are likely to affect the taste and odor of the water.

Screening based on the criteria described above eliminated all of the
contaminants from consideration except nitrate, strontium, sulfate, vanadium,

DOEtALI62350-43D SEPTEMBER 16, 1993
REV. 1, VER. 2 HATOO4V2.WP3
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= = Table 3.2 Statistical summary of groundwater quality" in the unconsolidated aquifer, 1988-1993 >_=

< Observed b c m
.=g _Z

o Number of Detection % above Minimum Mec;ian Maximum z

Constituent samples limitls) detection (mglLI _:I'1"1

Aluminum _ =

Background 13 0.05-0.2 0 - - - Fz

Plume 7 0.05-0.2 0 - - - _ _
:o

Antimony =
Background 13 0.003-0.06 0 - - - _ _
Plume 7 0.003-0.06 0 - - - z zc

Ammonium _ _:>
O-_

Background 12 O.1 25 < O. 1 < O.1 0.6 _ N
Plume (6061 8 0.1-10 100 200 351 381 _

Zz
Arsenic -_-4

Background 17 0.001-0.01 0 - - - _
co Plume 9 0.001-0.05 11 <0.001 <0.01 0.014-0.05 ._ -_

Zo_ Barium >=_
N

Background 15 0.001-0.2 60 < 0.038 0.04-0.1 O. 12-0.2 oz
Plume 8 0.001-0.2 38 <0.018 <0.10 0.03-0.2

Beryllium

Background 9 0.005-0.01 0 - - -
Plume 7 0.005-0.01 0 - - -

Boron

Background 5 0.05-0.1 0 - - -
Plume 5 0.05-0.1 0 - - -

Bromide
rrt

Background 3 O. 1 67 < O. 1 O. 1 0.2 x
-4

Plume 2 O.1 50 < O. 1 0.25-0.30 O.5 z"
-'4

Cadmium o
"O "n
-4

Background 17 0.0001-0.005 12 < 0.0001 < 0.001 0.005 _o
z

-4_>=_= Plume 9 0 .O001-0.005 11 < 0.0001 < 0.001 0.03 -43>

< z
p,_ . }>"
" .-,1
_© -_ Q



_== Table 3.2 Statistical summary of groundwater quality" in the unconsolidated aquifer, 1988-1993 (Continued) >__>

Observe_ c

o Minimum Median Maximum z
_= Number of Detection % above _.

Constituent samples limit(s) detection (mglL) ¢_
Calcium c _=

m

_5Background 16 0.01-5 1O0 18 27 37
Plume 9 0.01-5 100 372 411 521 ==

Chloride _ =o
Background 16 0.02-1 1O0 10 14 17 z cZ
Plume 9 0.02-1 1O0 29 33 38 :_ =

Chromium _ >_0-4

Background 15 0.005-0.01 0 - - - _
Plume (606) 8 0.005-0.01 0 . _ _ z z

1>
Cobalt <

co Background 5 0.03-0.05 0 - _ z
' Plume 5 0.03-0.05 0 - - o

"J Copper 0
Z

Background 5 0.01-0.02 0 - - - >
Plume 5 0.01-0.02 20 < O.01 < 0.02 0.02

Cyanide

Background 2 0.01 0 - - -
Plume 2 0.01 0 - - -

Fluoride

Background 5 O.1 1O0 O.1 0.2 0.3
Plume 5 O.1 1O0 O.1 0.1 0.2

Iron mX
.,-I

Background 14 0.03-0.1 0 - - - _
Plume 8 0.03-0.1 38 < 0.03 < 0.055 0.09-0.1 o

"o wl

Lead o

-__ Background 7 0.001-0.01 0 - - - >
Plume 6 0.001-0.01 17 <0.001 <0.01 0.01 z

< ]>

--I ¢o
_¢0 C}
Mr,_ Z



o Table 3.2 Statistical summary of groundwater quality" in the unconsolidated aquifer, 1988-1993 (Continued) > =

f.- 155 r--

._ _ ObservecP _ _=
o Minimum Median Maximum zNumber of Detection % above

o Constituent samples limitls) detection (mg/L} _¢=
Magnesium = _

Background 16 0.001-5 1O0 13 18 34 _"_FZ

Plume 9 0.001-5 1O0 288 313 350 _ _

Manganese ¢ =
Background 16 0.001-0.01 13 <0.001 <0.01 0.01 _ =°zcz
Plume 9 0.001-0.01 1O0 0.04 0.07 O.12 >=o

Mercury _ >0"4

Background 2 0.0002 50 < 0.0002 < 0.0002 0.0002 z
Plume 3 0.0002 0 - _ 8" - ZZ

-d--t

Molybdenum <
Background 17 0.004-0.2 24 <0.004 <0.01 0.02-0.2 _

Plume 9 0.004-0.2 22 <0.004 <0.01 0.09-0.2 "<
co Nickel -=>N

o

Background 5 0.04 0 - z
Plume 5 0.04 0 - - -

Nitrate =

Background 18 0.04-1 1O0 1.0 5.4 44
Plume (606) 10 0.04-150 1O0 974 1140 1600

Phosphate

Background 2 O.1 1O0 0.6 0.6 0.6
Plume 3 O. 1 1O0 0.3 0.4 0.6

P°tassium_

Background 16 0.01-0.6 100 0.55 1.9 2.6 z
Plume 9 0.01-5 1O0 25 30 43 -_

rn 0
Selenium

m 0
=_ Background 17 0.001-0.005 35 < 0.001 < 0.005 0.009 z

-_m -d

o = Plume 9 0.005-0.015 22 < 0.005 < 0.005 0.02 >=o_ ¢
<o_

_ Z



= _ Table 3.2 Statistical summary of groundwater quality" in the unconsolidated aquifer, 1988-1993 (Continued) _ =

9 Number of Detection % above Minimum Median Maximum z

o Constituent samples limit(s) detection (mg/L) ¢
Silica = ; ==

Background 5 0.1-2 100 12 14 26 ; __z

Plume 5 0.1-2 100 21 21 23 _ __
Silver = =

Background 5 0.01 0 - - _ _o
Z

Plume 5 0.01 0 - >=Sodium = _:>

Background 16 0.002-5 1O0 57 99 112 _ _
Plume 9 0.002-5 100 144 165 190 _ 8Zz

j>

Strontium = <
Background 13 0.0004-0.2 1O0 0.22 0.29 0.50 _ _

,_ Plume 6 0.0004-0.2 100 2.5 3.0 3.2 -
co Sulfate = >_=zN

O

Background 18 0.06--20 1O0 69 120 164 z
Plume 10 0.1-10 100 2000 2660 3540

Sulfide

Background 5 0.1-1 0 - - -
Plume 4 0.1-1 25 <0.1 <0.1 5.6

Thallium

Background 5 0.01 0 - - -
Plume 5 0.1-1 0 - - -

Tin
x

Background 5 0.005-0.01 0 - ° - rrl
z

= Plume 6 0.005-0.03 16 <0.005 <0.008 0.063 _
n'1

UraniumC o
rn ¢3

O
_ _ Background 16 0.001-0.003 88 <0.001 0.004 0.1305 z

<_.; Plume 9 0.0003-0.005 100 0.019 0.028 0.031 z-¢
-'1_ ',-4

1,o ¢,_ Z



= _ Table 3.2 Statistical summary of groundwater quaBty" in the unconsolidated aquifer, 1988-1993 (Concluded) _ >=

g Obseved
- _'1 Zo I_mimum Median Maximum _=

_, Number of Detection % above _ >
Constituent samples limit(s) detection (mg/L) _ =

Vanadium = 7-

Background 15 0.001-0.05 7 < 0.001 < 0.01 0.02-0.05 _ z
Plume 8 0.01-0.05 50 <0.1)08 0.004-0.015 0.08 _ ""

:=

Zinc = _ =-n
O

Background 15 0.001-0.02 13 < 0.001 < 0.005 0.014-0.02 _ =Z
Plume 8 0.001-0.02 38 <0.005 <0.005 0.05 >=

Observed" g _

IMrmimum Meo_m Maximum z z

Number of Detection % above _ >_
Radionudide samples limit(s) detection (pCi/IL) <GO

Lead-210 =>z_

Background 2 - - 0.0 0.9 1.7 oZ
Plume (606 + 655) 2 - - 0.3 1.1 1.9

Polonium-210

Background Not .....
Plume available .....

Radium-226

Background 15 - - 0.0 0.5 5.7
Plume 8 - - 0.0 0.1 0.7

Thorium
X

Background 3 - - 0.4 0.8 1.0
Plume 4 - - 0.0 0.3 0.7 z

--t
ce 0
-_ "Plume values are from well 655 unless otherwise noted. Background is based on wells 602, 603, 616, and 617. ,,

_: bDue to nondetectable measurements, these statistics may not be avagable. If a range is reported, tl-_ statistic is known to z°t_ -4
-, _ lie somewhere within that range. >

_ __A:)nsdtuentselevated above background in plume. E"
.M . ..;

{,_ID



= = Table 3.3 Statistical summary of groundwater quarrtya in the Shinarmnp Conglomerate at Monument Valley, >_=

1988 1993 _ "-.+_ -- r'-
_- Z

m_
=++ __=
" = __ z_,op

c_ Nmnb_ of ¢=
Constituent Well samples Detectionlimitls) % abovedetection Irng/lJ _ = '¢13

Ammonium _ ¢m
_z

Background 3 0.1 33 <0.1 <0.1 0.2 _ ..-*
Dowr_radie_ 614 5 0.1 0 = o

659 7 0.1 29 <0.1 <0.1 0.4 p,,¢:::=
O

Calcium c z cZ

Background 4 0.01-5 100 18 28 30 >
Downgradient 614 7 0.01-5 100 80 86 90 o¢ ._>

659 8 0.01-5 100 18 22 25 z :=r"

Chloridec _ (_ZZ
"4.,,4

Background 4 0.016-1 100 10 14 15 < _:
Downgradient 614 7 0.016-1 100 16 19 22 _, _,

Co 659 8 0.016-1 100 6 9 11 ; o--I_ Magnesium c zm
N

Background 4 0.001-5 100 16 18 18 oZ
Downgradient 614 7 0.001-5 100 51 57 63 >

659 8 0.001-5 11_ 21 27 29

Manganese c

Background 6 0.001-0.01 33 <0.001 <0.01 0.003-0.01
Downgradient 614 6 0.01 0 - -

659 8 0.001-0.01 100 0.1 0.11 0.12

Nitrate c

Background 6 0.044-1 100 2.7 4.3 5.4
Dowr<lradient 614 7 0.075-1 100 22 25 34

f_
659 9 0.044-1 100 0.1 3.3 7.3 ×

-t

e¢ mPtmspi'_t z
-4

Background 1 0.1 0 - - o"o

N Downgradient 614 3 0.1 100 0.4 0.5 0.8 c_O"r
> ¢= 659 3 0.1 100 0.1 1.2 1.4 z-q



= _ Table 3.3 Statistical summary of groundwater _ in the S_p Conglomerate at Mor'.Jrnent Valley, _ =
cn

_ > 1988-1993 (Continued) _
Z

== _=_
= Ot=mveo_ z__9

= _ Medim _ _=
o l_Mw.herof % shove _

wea _ Det_ rm_sl detection _ _
Potassiumc _

FZ
Background 4 0.010-0.575 100 1.6 1.9 3.3 Y--*

Downgradient 614 7 0.010-0.575 100 1.4 1.6 2.1 __
659 8 0.010-0.575 100 2_6 3.1 3.9 _

Silica zmZ

Background 2 0.1-2 • 100 9 12 14 = •
Downgradient 614 4 2 - 100 13 14 14 o -_

659 5 0.1-2 ! 100 14 14 14 z

Sodiumc _zz
--# --0

Background 4 0.002-5 100 92 98 99 <
Downgradient 614 7 0.002-5 100 27 30 32 r- zm_

0o 659 8 0.002-5 100 69 75 78 -<__
I " O

1_ Strontium _ z
ha

Background 5 0.0004-0.2 100 0-28 0.30 0.64 cz
Downgradient 614 3 0.1-0.2 100 0.60 0.67 0.68

659 6 0.0004-0.2 100 0.20 0.26 0.28
Suffatec

Background 6 0.059-10 100 60 92 131
Downgradient 614 7 0. ! -1 100 240 255 312

659 9 0.059-10 100 84 110 146
Uraniumc

Background 5 0.001-0.003 80 _;0.0007 0.001 0.006
Downgradient 614 6 0.003-0.003 100 0.027 0.031 0.036

659 8 0.003-0.003 88 <0.0003 0.001 0.003
-+
r_Vanadium z

Background 6 0.001-0.05 0 - _ _ o

°! Downgradient 614 5 0.01-0.05 20 <0.01 <0.01 0.02-0.05 o659 8 0.001-0.05 0 - -



: _ Table 3.3 Statistical summary of groundwater quaE_Wa in the Shinarump Conglomerate at Monument Valey, _ _,

2-_ 1988-1993 (Concluded} _

- =
_ _ _ M_ >c; Number of Detection % above =

Radion,x_e Wea samples r,mit(sl detection (pCVL) ; =
Lead-210 _ ,,,3:

Fz

.;ackground 2 - 0.4 0.7 1.0 _ _._
Downgradient 614 1 - - - 1.8 _ =°

659 _ ¢=o
Polonium-210 z cz

Background Not .... >__;
Dowr_dient 614 available _ >

659 z :_,
ORadium-226 z z

--I -.!

Background 6 - - 0.0 0.2 2.4 <>_=
Downgradient 614 5 - - 0.5 0.5 3.5 _,

c_ 659 8 - 2.9 5.0 8.1 < __

I_ aplume valuesare from well 655 unless otherwise noted. Backgroundis based on wells 602, 603, 616, and 617. > oGO
bDue to nondetectablemeasurements, these statistics may not be ava=]able. If a range is reported, the statistic is known to lie oZ

somewhere within that range. >

CConstituents are elevated above background in 614 or 659.
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Table 3.4 Contaminantsof potentialconcern for human health evaluation

Contaminants
Contaminantsof low of potential

Contaminantlevels Contaminantlevels In toxicity and high Gonaern
exceed background nutritionalrange dietary range (humanhealth)

i i ,1, iii i,f,,l, , i, , i , ,,,,,,,,,,,,, i1, i,,1,111 ,,i i=, ,,,,,f i,,1,1, i, , ............................. _ !

Ammonium Ammonium

Calcium Calcium

Chloride Chloride

Iror_ Iron

Magnesium Magnesium

Manganese Manganese

Nitrate Nitrate

Potassium Potassium

Silica Silica

Sodium Sodium

Strontium Strontium

Sulfate Sulfate

Vanadium Vanadium

Uranium Uranium

Zinc Zinc
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and uranium. These constituents form the basis of the risk assessment for
Monument Valley.

3.4 CONTAMINANT FATE AND TRANSPORT

Hazardous constituents in the plume waters will be subject to dilution and
various chemical reactions including oxidation/reduction reactions, precipitation
and coprecipitation reactions, _dsorption onto aquifer mineral surfaces, and
possibly reactions with biologic organisms. The concentrations of the
dominantly cationic metals such as strontium and the major cations calcium,
magnesium, potassium, and sodium will be controlled by dilution, precipitation
reactions, and sorption (e.g., ion exchange) reactions. Manganese and zinc
concentrations will also be controlled by these processes. Chloride
concentrations will be affected only by dilution.

Uranium and vanadium concentrations will be decreased mainly by dilution and
adsorption. Ammonium concentrations will decrease as a result of ion exchange
reactions on clays and as a result of oxidation to nitrate perhaps mediated by
bacterial action. Nitrate concentrations will decrease as a result of dilution and
possibly natural denitrification reactions involving indigenous organisms. These
reactions may produce nitrogen, which would be released to the atmosphere.

Sulfate concentrations will be subject to dilution, precipitation/dissolution
reactions, adsorption reactions, and possibly oxidation/reduction reactions. The
precipitation/dissolution reactions will occur in the portion of the plume closest
to the tailings piles. Precipitation reactions are active at the present time
because the shallow groundwater in this zone is oversaturated with gypsum.
After the tailings piles are removed, the groundwater sulfate concentrations in
this zone will decrease, allowing gypsum to redissolve. This dissolution will
buffer the sulfate concentrations at fairly high levels until the gypsum is
exhausted. At this point, dilution with background waters will substantially
lower the sulfate concentrations in this zone. Adsorption reactions are not likely
to have a significant effect on the sulfate concentrations in the shallow
groundwater because of the relatively high concentrations involved. Given the
high redox potential of the shallow groundwater, reduction of sulfate to sulfide
is unlikely as well.

The chemical species present in natural systems are a function of pH, Eh, and
the concentrations of various anions and cations. Speciation determines the
mobility of the chemicals and may also influence their toxicity. Using the
geochemical model PHREEQE, the predominant species of the contaminants of
concern for human health were predicted (Parkhurst et al., 1980). The
dominant solution species for the hazardous contaminants of concern are listed
in Table 3.5.
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Table 3.5 Monument Valley speciation summary

Identity of species
Contaminant of concern in groundwater Molar %

Nitrate NO3 1O0

Strontium Sr2. 100

Sulfate SO42 100

Uranium UO2(CO3)3_ 70
UO2(CO3)32 30

Vanadium HV207 _" 83
H2VO4 15
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4.0 EXPOSURE ASSESSMENT

4.1 POTENTIALLY EXPOSED POPULATION

Exposure can occur only if there are both a source of contamination and a
mechanism of transport to a receptor population or individual. Groundwater
contaminated by uranium processing at the Monument Valley site is not
currently used. In the future, if the contaminant plume continues to move to
the north-northeast, surface expression is possible during wet seasons when the
water table is elevated in the unconsolidated aquifer. If this expression occurs
in Cane Valley, livestock could drink the water. Using these livestock for food
would create an exposure pathway to humans. Plants with roots in the
unconsolidated aquifer or irrigated with water from this zone could take up and
concentrate contaminants, forming a pathway to humans through plant
consumption. Finally, a domestic well could be drilled or hand-dug in the
unconsolidated aquifer, creating an exposure pathway through drinking and
bathing water.

Because there are no current human receptors of contaminated groundwater, a
future groundwater use scenario must be assumed. This scenario evaluates
domestic groundwater use consistent with current use by the rural population in
the region. The potentially exposed population includes Navajos of the following
age groups: infants (birth to 1 yr old), children (1 to 10 yr old), and adults (11
to 64 yr old). These age groups were selected for the following reasons:

• Survey data for population variables such as age, weight, and daily water
intake are available for these age groups.

• Toxicological variables are similar within these age groups, including
responsiveness of sensitive subgroups (infants and children) to the
contaminants of concern, toxicant intake to body weight ratios, and
toxicokinetics.

The incidence of type II (adult onset) diabetes in Navajos is approximately
20 percent in the population over 20 yr old and appears to be increasing
(Hoy, 1993). Compromised renal function and increased drinking water
ingestion rates in this diabetic subpopulation could increase susceptibility to
toxicants. Though insufficient data exist to allow this risk assessment to
quantitatively evaluate risk to diabetics, it is recognized that this group could
represent a sensitive subpopulation.

4.2 EXPOSURE PATHWAYS

Groundwater use in the region is primarily for household purposes such as
drinking, cooking, and bathing. Other uses typical of the region that could
indirectly lead to human exposure include irrigation and livestock watering.
Figure 4.1 provides a conceptual model for potential groundwater exposure
pathways that could result from these uses.
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4.2.1 Drinkinq water ingestion

Drinking water ingestion is generally the most significant exposure pathway for
groundwater contaminated with metals and other nonvolatile compounds. For
this evaluation, drinking water consumption includes water consumed for
drinking as well as water used for food preparation (e.g., reconstituted juices,
soup, rice, and beans). For comparison of relative pathway significance, a
screening level assessment of drinking water intake is shown in Table 4.1.
These calculations are based on conservative estimates of the average
concentrations of contaminants within the plume li.e., the 95-percent upper
confidence limit (UCL) for the average concentration, using data from the most
contaminated plume wells, well 606 for nitrate, and well 655 for all other
contaminants].

4.2.2 Dermal absorption

Dermal absorption is the process by which chemicals coming into contact with
the skin are absorbed into the blood vessels near the surface of the skin. Some

compounds are absorbed easily in this manner, though metals do not possess
the chemical properties that are conducive to skin absorption.

To evaluate this exposure route, a screening calculation was performed to
determine if a dermal absorption pathway would be significant compared to the
drinking water pathway for the contaminants of concern. Since
chemical-specific absorption factors are not available for these contaminants, it
was assumed that they are absorbed across the skin at the same rate as water.
This assumption will probably overestimate any potential contribution from
dermal absorption.

The results of the screening are given in Table 4.1. Based on these results,
dermal absorption was eliminated from more detailed evaluation at this time
because it contributed less than 1 percent of the total intake from drinking
water.

4.2.3 Inqestion of groundwater-irrigated produce

This exposure route was also evaluated for its relative significance to the
drinking water ingestion route. The results of the screening calculation are
shown in Table 4.2. The assumptions for this evaluation will probably
overestimate the potential for exposure from this route, because it is assumed
that this garden would be the source of all garden produce in the diet. The
results of this screening show that for the contaminants of potential concern at
this site, ingesting garden vegetables and fruit irrigated with contaminated
groundwater would lead to potential exposures of 1 percent or less of that
associated with drinking water ingestion, except for strontium where as much
as 15 percent of the groundwater ingestion dose could be obtained from
ingesting irrigated plant materials. This pathway is eliminated from further
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Table 4.1 Exposure dose calculations and equation definitions for groundwater usage in
future hypothetical adult scenarios, Monument Valley UMTRA Project site,
Monument Valley, Arizona

Groundwater exposuredoses
(mg/kg/day)

Contaminant of Cw Derrnal D(prmalabsorotion
concern (mg/L) Ingestion absorption Ingestion

Noncancereffects
Nitrate 1200 3E + 01 6E-02 0.002

(9E+01) a
Strontium 3.1 8E-02 2E-04 0.002
Sulfate 2920 8E+ 01 2E-01 0.002
Uranium 0.029 8E-04 2E-06 0.002
Vanadium 0.02 5E-04 1E-06 0.002

Cancer effects
Uranium 20 b 7E + 05 c 1E+ 03 c 0.002

Equation Definitions for Exposure Dose Calculations

Ingestion of groundwater - carcinogensand noncarcinogc;:_

Cw x IRwx EF x ED
Chronicdaily intake (mg/kg/day) = BW x AT

Radionuclides(pCi) = Cw x IRw x EF x ED

Dermal contact with groundwater - carcinogensand noncarcinogens:

(Cw x SA x Pcx Cf) x ET x EF x ED
Chronicdaily intake (mg/kg/day) = BW x AT

Radionuclides(pCi) = Cw x SA x Pc x Cf x ET x EFx ED

Where:
Cw - Contaminantconcentrationin groundwater (upper95% confidencelevel of the

mean of data from plumewells).
IRw = Ingestionrate for water (L/day) (2 L/day for an adult; 0.33 L/day for an infant).
EF = Exposurefrequency (350 days/yr).
ED = Exposureduration (7 years for an adult; 1 yr for an infant).
BW = Body weight (70 kg for an adult; 4 kg for an infant).
AT = Averagingtime (365 days x ED for noncarcinogens;365 days x 70 yr for

carcinogens).
SA = Skin surface area [19,400 square centimeters(cm2)].
Pc = Dermal permeabilityconstant (0.001 cm/hour).
Cf = Conversionfactor (0.001 L/cm3).
ET = Exposuretime (0.2 hour/day).

aExposuredose calculatedfor an infant (aged0 to 1 yr).
bpCi/L = picocuriesper liter.
CpCi/lifetime.
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Table 4.2 Exposure dose calculations and equation definitions for groundwater-irrigated
produce Ingestion in future hypotentical adult scenarios, Monument Valley
UMTRA Project site, Monument Valley, Arizona

Garden produceingestion Total
exposuredoses (mglkg/day) produce

Contaminant Cw Kd Vegetative Reproductive water
of ©oncem (mg/L) (L/kg) By Br parts parts ingestion

I_loncancereffects ..............
Nitrate 1200 0.01 30 30 2E-02 1E-02 0.0008
Strontium 3.1 35 2.5 0.25 1E-02 7E-04 0.15
Sulfate 2920 7.5 0.5 0.5 5E-01 3E-01 0.01
Uranium 0.029 450 0.0085 0.004 5E-06 1E-06 0.008
Vanadium 0.02 1000 0.0055 0.003 5E-06 2E-06 0.01

Cancer effects
Uraniuma 20b 450 0.0085 0.004 4.36E+03 c 1.23E+03 c 0.008

Equation Definitions for Exposure Dose Calculations

Ingestion of oarden13rQduceirrt¢]atedwith oroundwater - carcinogensand noncarcinooens:

Chronicdaily intake (mg/kg/day) = Cw x Kd x Bv or Br ' x DF x IRp x FIx EF x ED
BW x AT

Radionuclides(pCi) = Cw x Kd x Bvor Br* x DF x IRp x FI x EF x ED
Where:

Cw = Contaminantconcentrationin groundwater (upper 95% confidencelevel of the mean
of data from plume wells).

Kd = Soil-water partition coefficient (L/kg).
Bv = Soil-to-plantconcentrationratio for vegetative portionsof pla,ts (unitless).
Br = Soil-to-plantconcentrationratio for reproductive portions(fruits, tubers) of plants

(unitless).
EF = Exposurefrequency (350 days/yd.
ED - Exposureduration(7 yr for an adult; 1 yr for an infant).
BW --- Bodyweight (70 kg for an adult; 4 kg for an infant).
AT = Averagingtime (365 days x EDfor noncarcinogens;365 days x 70 yr for

carcinogens).
* = Exposuredoses due to vegetative portions and reproductiveportionsof garden

produceare calculatedseparately.
DF = Dry weight fraction of plant (unitless)0.066.
IRp = Ingestionrate for gardenproduce (0,05 kg/day for vegetative parts; 0.03 kg/day for

reproductiveparts).
FI = Fractionof garden produceingested from contaminatedsource(1.0 unitless).

aUranium-234 and -238.

bpCi/L.
CpCi/lifetime.

DOE/AL/62350-43D SEPTEMBER15, 1993
REV. 1, VER. 2 HAT(X)4V2.WP4

4-5
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evaluation, although the potential increment of strontium to drinking water
exposure is discussed in Section 6.1.

4.2.4 |n_e_stlonof re.eat or milk from groundwater-fed livestock

These pathways were eliminated from further consideration, because the
concentrations of nitrate and sulfate are so high that livestock could not survive
chronic ingestion of the water. If the livestock cannot consume the water,
there is no potential for bioaccumulation or transfer of contaminants ingested to
meat tissue or milk. In addition, infants aged 0 to 3 months (the population
most sensitive to nitrate toxicity) do not consume meat or dairy products.
Further evaluation of the direct toxicity to livestock is presented in Section 7.0.

The results of the pathway screening analyses indicate drinking water ingestion
is the dominant pathway; this pathway is further evaluated probabilistically in
Section 4.4.

4.3 EXPOSURE CONCENTRATIONS

Exposure concentration of a contaminant in groundwater is defined as the
concentration an individual is assumed to take in over a specific period. In this
evaluation, the contaminant concentrations are assumed to be in a steady state
although actual contaminant concentrations (and therefore exposures) are
expected to decrease with time, after the tailings are removed. Nonetheless,
these estimates are reasonable for chronic exposure soon after surface
remediation. (Chronic exposure for noncarcinogens is considered to be exposure
for any period longer than 7 yr.)

Exposure concentrations are evaluated as a probability of occurrence based on
groundwater data collected from monitor well 655 for strontium, sulfate,
uranium, and vanadium. This well has consistently shown the higtlest
concentrations of these constituents since 1988. Because nitrate levels in well
606 were greater than in 655, well 606 was used to model nitrate exposures.

The probability distribution selected for each contaminant reflected the same
mean, median, standard deviation, and shape as were observed in historical
water quality data. The upper tail of the distributions was truncated at the
99th percentile. For every contaminant, this highest allowable concentration
was higher than the maximum observed concentration in the historical water
quality data. The software package @RISK (Palisade Corp, Newfield, New York)
was used to generate the contaminants of concern probability curves. The
results are shown in Figures 4.2 through 4.6.

4.4 ESTIMATION OF INTAKE

Within the population of future residents, individuals are expected to vary with
respect to water consumption habits, stable body weight, and length of time
they reside in the potential contamination zone. Consequently, health risks
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associated with groundwater consumption will vary among members of this
population. To adequately describe the range of potential risks to the future
population, naturally occurring variability in daily water intake, body weight, and
residency time were incorporated in this assessment through probability
distributions; these distributions were generated from United States public
health and census documents. All distributions were truncated at the upper and
lower 0.01 percentile. Within the hypottletical population, values disallowed
through this truncation may occur with a probability of less than 1 in 10,000.

The potential toxicity of noncarcinogenic contaminants in drinking water
depends primarily on long-term average daily consumption of the contaminant
per kilogram of body weight. For noncarcinogens, exposure frequency
multiplied by exposure duration cancels out with averaging time. Therefore,
these factors are omitted from the equation and chronic daily intake is
calculated as follows:

Intake (mg/kg/day) = Concentration (mg/L) x ingestion rate (L/day)
Body'weight-(kg)

Potential carcinogenicity is thought to increase with total intake over time,
instead of with average daily intake as for noncarcinogens. Also, body weight
is relatively insignificant in determining risk from exposure. Because the only
carcinogen elevated above background at the Monument Valley site is uranium,
only uranium ingestion will be presented here. Intake of a radioactive
carcinogenic substance is therefore quantified as total exposure to radioactivity
throughout the residency period of an individual:

Intake = Concentration x ingestion rate x exposure duration.
(pCi) (pCi/L) (L/day) (days)

Avera0e daily Intake (L/day)

Lognormal probability distributions were used to describe variation in average
daily tap water intake among mernbers of the population (Roseberry and
Burmaster, 1992). These distributions were developed from data collected
during the 1977-78 National Food Consumption Survey conducted by the U.S.
Department of Agriculture, During the survey, total tap water consumption
during a 3-day period was recorded for 26,081 survey participants nationwide
(Figure 4.7).

Body w01ght (k0)

Extensive national data on weights of males and females, by age, were
collected by the National Health and Nutrition Survey between 1976 and 1980.
These data were used to develop Iognormal probability distributions for body
weight by age, separately by gender. The distributions for males and females
were then combined using census data on the national ratio of males to females
within each age group (Figure 4.8).
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BASELINE RISK ASSESSMENT FOR GROUNDWATER CONTAMINATION

AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA EXPOSURE ASSESSMENT

Exposure duration (years}

For noncarcinogen effects, the exposure duration and the averaging time of the
drinking water intake (see equations in Tables 4.1 and 4.2) cancel out,
assuming all exposures are chronic, i.e., _> 7 yr. Therefore, deviation from the
standard residence time assumptions do not affect the results. For carcinogens,
however, because risk is cumulative throughout a lifetime, deviations from the
hypothesized distribution could significantly affect the risk estimate. Because of
the grazing permit system used by the Navajo nation for land allocation,
residents can frequently be in the same region for an entire lifetime. No
available data adequately model this longer residence time. Therefore, a fixed
lifetime exposure time of 70 yr was used to model lifetime cancer risks.

Using exposure concentration distributions discussed in Section 4.3 and the
intake parameter distributions described in this section, total intake distributions
derived for the three age groups were generated for sulfate. These results are
presented in Figure 4.9 to illustrate the effect of the different age group
characterization on daily intake ofnoncarcinogens. From this figure, it can be
seen that intake is greatest in the 1-to 10-yr age group. Therefore, that group
is used in risk evaluation unless one of the other age groups has demonstrated
increased sensitivity toa particular constituent. Of the contaminants at
Monument Valley, nitrate is the only contaminant for which a sensitive
subpopulation is known. Therefore, the nitrate exposure risk determinations are
based on infant exposure. Simulated intake distributions for appropriate age
groups for the nitrate and remaining contaminants are presented in Figures 4.10
through 4.13.

4.5 EXPOSURE ASSESSMENT UNCERTAINTIES

A number of potential sources of error may arise in all phases of the exposure
assessment, including the following more significant sources of uncertainty:

• Uncertainties resulting from the lack of thorough environmental sampling
(groundwater and surface water) data, which could lead to an underestimate
or overestimate in the exposure analysis.

• Uncertainties arising from the assumption that the groundwater contaminant
source term at the site has reached a steady state and that contaminant
concentrations at the exposure point will remain constant for chronic
periods of exposure (generally greater than 7 yr). Because the source of
contamination at Monument Valley has been removed, the assumption of a
constant source will probably lead to an overestimation of risk.

• Uncertainties associated with the model used to estimate uptake of
contaminants into plants for the irrigated garden produce pathway. Under
the site conditions at Monument Valley, plant uptake factors could vary
substantially from the default literature estimates. As with environmental
sampling, the net effect on risk estimates of this uncertainty cannot be
predicted.
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BASELINE RISK ASSESSMENT FOR OROUNDWATER CONTAMINATION
AT THE URANIUM MILL TAILINOS SITE NEAR MONUMENT VALLEY, ARIZONA EXPOSURE ASfiEBSMENT

• Uncertainties associated with the relationshipof an applieddose (used here)
and absorbeddose or effective toxic dose.

• Uncertaintiesassociated with differing sensitivitiesof subpopulationssuch
as diabetics.

Despite these uncertainties, the use of probabilitydistributionsthat incorporate
all definable sourcesof variability shouldprovidea representative picture of the
potentialrange of exposures.
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5.0 TOXICITY ASSESSMENT

As discussed in Section 3.0, five contaminantsthat could cause adverse human health and
environmentaleffects have been detected in groundwaterat the site: nitrate, strontium,
sulfate, vanadium, and uranium, This sectionsummarizesthe toxicologicaleffects of the
chemical contaminantsand carcinogenicpotentials of the radionuclideuranium.

5,1 CONTAMINANT TOXICITY SUMMARIES

The basictoxicokineticsand toxicity of each of the five contaminantsof
concern at the Monument Valley site are summarizedbelow, Wherever
possible,data from human studies will be addressed. Only in cases where
humandata are unavailablewill animal studies be reported. Although these
contaminantshave a wide range of toxic effects, dependingon exposure level,
the following discussionswill focus on toxic effects observedin the exposure
range most relevant to contamination in the area of the Monument Valley site.

5.1.1 Nitrate

Absomtlon

Ingested nitrate is converted in the gut to the toxic nitrite ion, which is readily
absorbed. The conversionrate dependson both gut flora and pH, with a more
rapid conversionin a higherpH environment. Infants have a highergut pH,
which is more conduciveto growth of bacteria. Therefore, the combinationof a
higherpH and increasedbacterial conversionincreases the productionof nitrite
from nitrate in infants, resultingin higherbloodnitrite levels for a given dose of
nitrate. In healthy adults, nitrates are rapidly absorbed from the upper intestine.
This rapid absorptionreducesthe contact time with gut flora, thereby reducing
the conversionto nitrite and the resultant toxicity.

Tissue (zccumulat!onandcleuarance

After absorption,the nitrite ion binds to hemoglobinin the bloodand oxidizes it,
thereby both lowering the oxygen-carryingcapacity of the bloodand decreasing
the rate of oxygenrelease. The oxidizedhemoglobinis called methemoglobin
and can be reduced back to normal hemoglobinenzymatically by methemoglobin
reductase. Infants are more sensitive to these effects because of the presence
of fetal hemoglobin,which is more sensitiveto oxidationby nitrite, and because
their lower activity of methemoglobin reductase means the methemoglobin
remains oxidized for a longerperiod. Some individualswith a rare genetic
deficiency in methemoglobin reductase exhibit higher levels of circulating
methemoglobin. Although they developalternate metabolic pathways to
maintain adequate levelsof circulating hemoglobinin the normal state, exposure
to high levels of nitrate can rfesultin excessive levels of methemoglobin in these
people.
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BASELINERISK ASSESSMENT FOR GROUNDWATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA TOXICITY ASSESSMENT
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In healthy adults, the half-time for methemoglobinreductaseconversionof
methemogloblnback to hemoglobinis estimated to range from 6 to 24 hr for
theoretical levelsof methemoglobin in the 80 to 100 percent range
(Bolyatet el., 1972),

E_nvlronrnental=guises of nitrate

Nitrates accumulate in soilsfrom the applicationof fertilizers, human and animal
waste, bacterial nitrogenfixation, mineral dissolution,and plant and animal
tissue breakdown. These nitrates can filter throughthe soil into groundwater,
Nitrate concentrationsin well water have beenreportedto exceed 440 rag/L, or
10 times the current regulatorylevels (Lee, 1970).

Bioaccumulatior,of nitrates from soil and water to plants resultsin a wide range
of nitrate concentrationsin fresh fruits and vegetables, with levels as high as
2000 milligramsper kilogram(mg/kg) of body weight reported in beets and
9000 mg/kg in radishes(Kamm at el., 1965; Smith, 1966). The accumulation
of nitrates in plant material is increasedby factors such as drought, high
temperatures, cloudiness,and insect and herbicidedamage to plants. Nitrates
and nitritesare also usedto preservemeats, especiallycorned or smoked
products.

Toxlc_ltvof nltrat,e

The primarytoxicity of nitrate is methemoglobinemia, which is a function of the
balance between circulatinglevels of nitrite and methemoglobinreductase
activity. A very high acute dosecan producethe same toxicity as a lower dose
that slowly increasesthe concentration of methemoglobinover time. Therefore,
the acute and chronic toxicity of nitrate are summarizedtogether. For easier
comparisonbetween ingested dosesof nitrate and groundwater levels at
Monument Valley, dose rangesare presented in terms of nitrate intake. The
reader shouldbe aware that nitrate exposurelevelsare frequently converted to
the nitrogenconcentration in the nitrate by dividingthe nitrate number by 4.4.
Therefore, 44 mg/L nitrate is equivalent to 10 mg/L nitrate-nitrogen.

Symptoms of methemoglobiriemiacan be correlatedwith the percentageof
methemoglobin in the blood: With less than 10 percent methemoglobin,
individualsare asymptomatic; more than 25 percent methemoglobin produces
weakness, rapid pulse, andtachypnea (rapidbreathing);more than 50 to
60 percent methemoglobinc_n be fatal (EPA, 1993). These symptoms reflect a
progressivedecrease in oxygenavailability. As explainedabove, infants are
more sensitive to the productionof methemoglobinandtherefore are considered
the most sensitive population. The route of exposure for infants is from the use
of contaminatedwater for formt;ia.

No symptoms of toxicity have been reportedwith nitrate intakes below 7 mg of
nitrate per kilogramof body wei_.thtper day (mg/kg/day). As nitrate increases
above this level in infants, mildsymptoms suchas weakness, rapid pulse,and

,,,,,,, - _ ,, J , __
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rapid breathing occurwith intakes from 7 to 30 mg/kg/day, The severity of
these symptomsincreasesas increasednitrate intake results in greater levels of
methemoglobinand therefore reducedoxygen availability, Cyanosis, or a blue
appearanceto the skin, occurs, followed by unconsciousnessas oxygen
availability is further reduced, The lowest reported fatal dose of chronic nitrate
is 35 mg/kg/day for an infant and 116 mg/kg (acute intake) for an adult, A
wide range of nitrate intake can produce similarsymptoms among individuals
because of net differences in gut pH, bacterial activity, and methemoglobin
reductase activity, The health effects of nitrates in infants are summarizedas a
function of dose in Figure5,1.

Data on nitrate toxicity are primarilybased on epidemiologicstudiesof human
adults and infants who report to hospitalswith symptomsof
methemoglobinemia. In most cases, exposure doseswere back-calculated from
samplingtheir drinkingwater. Therefore, these data do not represent
well-controlledstudieswith readily defined dosageranges, Many water sources
in these clinical studiesshowed contamination with bacteria, leading to the
possibilitythat this bacterialexposure is a necessarycofactor in the
development of methemoglobinemia, One laboratorystudy indicated that
healthy infants could drinknitrate at 24 mg/kg/day in solutionsfree of bacteria
and show no symptoms of methemoglobinemia,

Gastrointestinaldistresshas also been suggested as a cofactor in the
development of methemoglobinemia, Anecdotally, infants with colic are more
susceptibleto nitrate-inducedmethemo01obinemia.

5,1.2 fi.t.tgJ3.t[gm

The isotopesof strontiumpresent at UMTRA Projectsites are all natural, stable
isotopes, The radioactiveelement strontium-90 is not naturallyoccurringand is
producedonly asa productof fissionreactions. Therefore, no radiation
exposuresare associatedwith the presence of strontium at UMTRA Project
sites.

In humans, 14 to 50 percent of an orally administered doseof strontium is
absorbed,with peak blood levels occurringwithin 4 hr. Absorptionis
proportionalto dose, although large dosesmay overwhelm homeostatic
mechanisms. Strontium is absorbedby passivediffusion from the intestinal
lumen (Coma,"and Wasserman, 1964). Because of their chemical resemblance,
strontiumcan effectively displacecalcium, In cases of dietary calcium
deficiency, strontiumis absorbedto a higherdegree. The bioavailabilityof
ingestedstrontium is estimated to be 20 percent, This figurevaries, depending
on age, species, form of strontium, and dietary levels of phosphorus,vitamin D,
and calcium.
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Becauseof its strong similarity to Calcium,99 percent of the body burden of
strontium is found in bone. The average adult body burden (the amount found
in normal, healthy adults) of strontium is estimated to be 320 mg (Snyderat el.,
1975). Absorbedstrontium is cleared from the body primarilythroughurine and
feces. In humans, 12 to 13 percent of an intravenousdose is eliminated in the
feces. Urinaryexcretion accounts for nearly 60 percent of an intravenousdose
and 4 to 18 percent of an oral dose (EPA, i990). Strontium is filtered by the
kidneysat a rate 3.5 times greater than calcium, and calcium is reabsorbed
more efficiently than strontium, resulting in a more rapid clearance of strontium.

Envjronment;aLsources0f _t_ont[um

Normaldietary intake of strontium in adult humansranges from 0.013 to 0.021
mg/kg/day. Stable strontiumhas been reported in drinkingwater suppliesin
Wisconsinand Ohio at concentrationsrangingfrom 0.02 to 34.5 mg/L
(Curzon, 1985). Strontium has beenused medicinallysince 1884, although its
medicinaluse has steadily declined.

To,city of strontium

No data are availableon the acute toxicity of stable strontium in humans. In
laboratorystudies, the range of lethal doses for orally administered strontium
varied across speciesfrom a lethal dose of 1826 mg/kg for 50 percent of
experimental mice (LDBo)to an LD6oof 7500 mg/kg in rabbits (EPA, 1990).
Death resulted from respiratoryfailure, Intravenousadministration decreased
the toxic dose by as much as an order of magnitude (148 mg/kg in mice).

No good data are available for estimating toxic effects related to long-term
intake of excess stable strontium. Strontium was administered in the treatment
of osteoporosisat a dose of 24 mg/kg/day for as long as 3 yr (EPA, 1993).
Although no side effects were observed, the resultant bone lossrenders
questionablethe extrapolation of these data to a healthy population.

In rat studies, the toxicity of strontium is related to its displacementof calcium
in bone;this toxicity differs with the developmental stage of the animals. The
lowest intake level that producedtoxicity in youngrats was 380 mg/kg/day of
strontiumcarbonate. This doseinhibited calcification of the epiphyseal plate
after 3 weeks of exposure. In adult rats, this dose had no effect, but a much
largerepiphyseal plate was observed following intake of 750 or 1500 mg/kg/day
in the adult animals (Storey, 1961). Intake of 190 mg/kg/day resulted in no
observedtoxicity in the young rats. In weanling rats, drinking 633 mg/kg/day of
strontium chloridein water resulted in slower mineralization of the bone, slower
calcification, and defective long bonegrowth (Marie et al., 1985). No toxicity
was observedin the weanling animals at 525-mg/kg/day intake of strontium
chloride. These health effects are summarized in Figure5.2 as a function of
dose.
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BASELINE RISK ASSESSMENT FOR GROUNDWATER CONTAMINATION

AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA TOXICITY ASSESSMENT

5.1.3

.Absomtion

Sulfate absorption from the gastrointestinal tract is similar between humans and
other animals. Generally, greater than 90 percent absorption is reported for
doses of sulfate below 150 mg/kg, decreasing to 50 to 75 percent as the dose
increases into the grams per kilogram range.

Tissue accumulation and retention

Ingestion of high levels of sulfate results in transient increases in both blood and
urine concentrations. For sulfate doses of approximately 75 mg/kg,
approximately 50 percent of the dose is excreted over 72 hr. The urinary
excretion mechanism is transport-limited and can therefore become saturated at
high doses of sulfate. Excess sulfate is also excreted in feces in its inorganic
form. To date, no available data indicate sulfate is accumulated, even with
chronic ingestion of above-normal levels. However, extremely high chronic
doses do not appear to have been examined in humans.

Sulfate is used in the biosynthesis of collagen, cartilage, and dentin and in the
formation of sulfate esters of both endogenous compounds (such as lipids and
steroids) and exogenous compounds (such as phenols). Sulfation is important in
detoxication pathways because it increases the solubility of these compounds,
which enhances their excretion in the urine. Exposure to high concentrations of
compounds that are conjugated with sulfate and excreted can produce a
transient decrease in sulfate concentrations in plasma.

Environmental sources of sulfate

Drinking water in the western United States in 1978 showed a range of sulfate
concentrations from 0 to 820 mg/L, with a mean sulfate concentration of
99mg/L. The EPA estimates a normal sulfate intake range of 0.00023 to
0.0064 mg/kg/day from air and up to 2.9 mg/kg/day from drinking water, in the
concentration range found in the western United States (EPA, 1992a). No
estimates are available on sulfate intake from food sources.

Toxicity of sulfate

As with nitrate toxicity, the acute and chronic effects of sulfate toxicity differ
more in severity than in symptoms or mechanisms. Therefore, this discussion
will combine acute and chronic toxicity. As mentioned above, no available data
indicate bioaccumulation of sulfate with chronic exposure. Sulfate salts of
magnesium and sodium are used medicinally as cathartics. The presence of
high concentrations of unabsorbed sulfate salts in the gut can pull large
amounts of water into the gut, greatly increasing the normal volume of feces.
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BASELINE RISK ASSESSMENT FOR GROUNDWATER CONTAMINATION

AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA TOXICITY ASSESSMENT

Toxicity in humans primarily manifests in diarrhea; it is produced by the same
mechanism as the cathartic therapeutic effects. The severity of the diarrhea is
dose-dependent. Chronic ingestion of sulfate can result in persistent diarrhea,
leading to ionic imbalances and dehydration similar to that seen with extremely
high, acute doses. When drinking water is contaminated with sulfate, the taste
of the water may make it unpalatable and reduce consumption. This lower
water intake could compound the dehydration effects of the diarrhea. Extreme
dehydration can lead to death. As with nitrate toxicity, infants may be the most
susceptible population for sulfate-induced diarrhea. These health effects are
summarized in Figure 5.3 as a function of dose.

In cattle, high sulfate intake has resulted in sulfhemoglobinemia, a condition
similar to the methemoglobinemia induced by nitrate ingestion. No cases of
sulfhemoglobinemia have been reported following ingestion of sulfate by
humans, although the condition does occur in humans following inhalation of
hydrogen sulfide.

As with nitrate, data on sulfate toxicity are based primarily on epidemiologic
studies of human adults and infants who report to hospitals with symptoms of
sulfate exposure. In most cases, exposure doses were back-calculated from
sampling their drinking water. Therefore, these data do not represent
well-controlled studies with readily defined dosage ranges.

5.1.4 Uranium

The naturally occurring uranium present at UMTRA Project sites consists of
three radioactive isotopes: uranium-234, uranium-235, anduranium-238. More
than 99 percent of natural uranium occurs in the form of uranium-238 (Cothern
and Lappenbusch, 1983). Uranium-238 undergoes radioactive decay by
emitting alpha particles to form uranium-234, thorium-230, radium-226,
radon-222, polonium-210, and other radioisotopes with shorter half-lives. The
radioactive decay chain of uranium-238 and uranium-234 is summarized in
Figure 5.4. As all uranium isotopes in nature are radioactive, the hazards of a
high uranium intake are from both its chemical toxicity and its potential
radiological damage. This section focuses on the chemical toxicity of natural
uranium. Carcinogenic potential associated with exposure to radioactive
isotopes of natural uranium is presented in Section 5.3.

Absorption

Absorption of uranium in the gastrointestinal tract depends on the solubility of
the uranium compounds. The hexavalent uranium compounds, especially the
uranyl salts, are water soluble, while *,etravalent compounds generally are not
(Weigel, 1983). Even with soluble compounds, only a small fraction is
absorbed. Human gas_.rointestinal absorption rates of 0.76 to 7.8 percent have
been determined (Wrenn et al., 1985)0
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BASELINE RISK ASSESSMENT FOR GROUNDWATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA TOXICITY ASSESSMENT
• _ ,,= , , ,, --

.Tissue accumulation pnd clearance

In humans exposed to background levels of uranium, the highest concentrations
of uranium were found in the bone, muscle, lung, liver, and kidney (Fisenne
et al., 1988). Uranium retention in the bone consists of a short retention half
time of 20 days followed by a long retention half time of 5000 days for the
remainder (Tracy et al., 1992).

In body fluids, uranium tends to convert into water-soluble hexavalent uranium
(Berlin and Rudell, 1986). Approximately 60 percent of the uranium in plasma
complexes with low-molecular-weight anions (e.g., bicarbonates, citrates), while
the remaining 40 percent binds to the plasma protein transferrin (Stevens et al.,
1980). Following oral exposure in humans, more than 90 percent of uranium is
excreted in the feces and not absorbed in the gastrointestinal tract. Of the
small percent that is absorbed (typically less than 5 percent), approximately
60 percent is excreted in the urine within 24 hr and 98 percent is excreted
within 7days. These data are based on animal studies byBallouetal. (1986),
Leachetal. (1984), and Sullivanetal. (1986). Asmall portion of the absorbed
uranium is retained for a longer period.

_nvlronmeqtal sourcesof uranium

Uranium is a ubiquitous element, present in the earth's crust at approximately
4 parts per million. Uranium concentrations in samples of groundwater and
surface water world-wide averaged 1 pCi/L and 3 pCi/L, respectively (NCRP,
1984). It is absorbed from the soil into plant tissues to an extent that depends
on the plant species and the depth of its root system (Berlin and Rudell, 1986).
Plant concentrations of uranium averaged 0.075 micrograms per kilogram
(pg/kg) fresh plant material (Tracy et al., 1983).

The main dietary source of natural uranium for the general population is food
products such as bakery products, potatoes, meat, and fresh fish, which may
contain uranium concentrations between 10 and 100/Jg/kg (Prister, 1969). The
total dietary uranium intake from the consumption of average foods is
approximately 1 pg/day. Cereals and vegetables, particularly root crops, are
likely to contribute most to the daily uranium intake (Berlin and Rudell, 1986).

Toxicity of ura.nium

Exposure of the general public to natural uranium is unlikely to pose an
immediate lethal threat to humans. No human deaths have been reported that
are attributable to uranium ingestion; therefore, no lethal dose has been
determined for humans. The lethal close for animals ranges from 8 to 242 mg
uranium/kg, depending on both the solubility of the uranium compound (higher
solubility compounds have greater toxicity) and the animal species tested. High
doses of uranium cause complete kidney and respiratory failure.
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BASELINERISK ASSESSMENT FOR GROUNDWATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA TOXICITY ASSESSMENT

No chronic toxic effects have been reported in humans following oral exposure
to uranium. Data available from populations occupationally exposed to high
concentrations of uranium compounds through inhalation and data from studies
on experimental animals indicate the critical organ for chronic uranium toxicity is
the proximal tubule of the kidney (Friberg et al., 1986). In humans, chem}cal
injury reveals itself by increased catalase excretion in urine and proteinuria.
Dose-response data for the toxic effect of uranium on the human kidney are
limited.

The lowest dose of uranyl nitrate that caused moderate renal damage was given
to rabbits in diet at 2.8 mg/kg/day (Maynard and Hodge, 1949). The health
effects for uranium are summarized in Figure 5.5 as a function of dose.

5.1.5

Absorption of vanadium from the gastrointestinal tract is low. In a healthy
young man, orally administered sodium metavanadate (12.5 mg/d for 12 days)
was completely recovered: The majority (87.6 percent) of the dose was
unabsorbed in feces, and the remainder (12.4 percent) was excreted in urine
(Proescheretal., 1917). Essentially the same result was obtained by
Tipton et al. (1969)in a dietary balance study (50 weeks, 2 subjects). The
urine to diet ratio for vanadium was approximately 0.13; the same value was
obtained for the urine to excreta ratio.

Less than 0.1 percent of an intragastric dose was detectable in the blood of rats
at 15 minutes postexposure, and less than 1 percent at 1 hr postexposure
(Roshchin, 1968). Uptake of radioactive V205 given orally to rats was 2.6
percent of the administered dose. The ICRP (1960) estimate for the absorption
of soluble vanadium compounds is 2 percent. Soluble vanadium compounds
that are inhaled and deposited are readily absorbed. Because vanadium is a
metal of low solubility, absorption througl, the skin is probably minimal
(EPA, 1977).

Tissue occumulation and clearance

Vanadium is found in all body tissues in concentrations ranging from 0.08 pg/g
wet weight in spleen tissue to 0.14 pg/g in brain and heart tissue and 0.33 pglg
in aorta tissue (Yakawa and Suzuki-Yasumoto, 1980). Concentrations of
vanadium in human blood serum are reported to be 0.016 to 0.939 nanogram
(ng)/mL. In hair, concentrations of vanadium ranging from 20 to 60 ng/gram (g)
have been reported by different authors, with higher values found in manic-
depressive patients than in normal control groups (57 versus 29 ng/g).
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BASELINERISK ASSESSMENT FOR GROUNDWATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA TOXICITY ASSESSMENT

The distribution of vanadium in humans following oral exposure may be
extrapolated from animal studies. In acute-duration exposures, vanadium is
rapidly distributed, primarily in the bones. After intermediate-duration exposure,
vanadium concentrations reaching the tissues are low, with the kidneys, bones,
liver, and lungs initially showing the highest levels.

Vanadium is an element and is not metabolized. However, in the body, there is
an interconversion of two oxidation states of vanadium: vanadyl and vanadate.
Vanadium can reversibly bind to the protein transferrin in the blood and then be
taken up into erythrocytes. There is a slower uptake of vanadyl into
erythrocytes compared to the vanadate form, possibly due to the time required
for the vanadyl form to be oxidized to vanadate. Initially, vanadyl leaves the
blood more rapidly than vanadate, possibly because of the slower vanadyl
uptake into cells (Harris et al., 1984). Five hours after administration, blood
clearance is essentially identical for the two forms.

Because vanadium is poorly absorbed in the gastrointestinal tract, a large
percentage of vanadium in rats is excreted unabsorbed in the feces following
oral exposure. In rats, the principal route of excretion of the small absorbed
portion of vanadium is through the kidneys. The mean urinary output per 24 hr
is reported to be 10 pg.

Environment;al sources of vanadium

Elemental vanadium does not occur in nature but its compounds exist in more
than 50 different mineral ores and in association with fossil fuels. The single
largest release of vanadium to the atmosphere occurs through the combustion
of fossil fuels, particularly residual fuel oils. The largest amount of vanadium
released to soil and water occurs through the natural weathering of geological
formations (Byerrum et al., 1974; Van Zinderen Bakker and Jaworski, 1980).

Food constitutes the major source of exposure to vanadium for the general
population(Lagerkvistet al., 1986). For the general population asawhole,
dietary intake is estimated to be 6 to 18 pg/day (Pennington and Jones, 1987),
although other estimates from older studies utilizing different and possibly less
sensitive analytical methods have been as high as 2 mg/day (Schroeder et al.,
1963).

Drinking water is not considered an important source of vanadium exposure for
the general population. Water samples taken from across the United States
show 92 percent with values below 10 pg/L. Typical values appear to be
around 1 pg/L. (Lagerkvist et al., 1986). The estimated daily intake of vanadium
by the inhalation route is 1 pg (Byrne and Kosta, 19781.

Although vanadium is considered an essential element for chickens and rats,
there is no certainty about human dietary requirements. For animals, the daily
requirement is about 10 to 25/Jg/day (Pennington and Jones, 1987).
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BASELINERISK ASSESSMENT FOR GROUNDWATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA TOXICITY ASSESSMENT

, i ,, iii

Toxicity of vanadium

The major adverse health effect to humans from vanadium is seen in workers
exposed to large amounts of vanadium pentoxide dusts. The probable oral
lethal dose of vanadium pentoxide for humans is between 5 and 50 mg/kg
(Gosselin et al., 1976).

Systemic effects of vanadium exposure have been observed in the liver,
kidneys, nervous and cardiovascular systems, and blood-forming organs.
Metabolic effects include interference with the biosynthesis of cystine and
cholesterol, depression and stimulation of phospholipid synthesis and, at higher
concentrations, inhibition of serotonin oxidation. Other effects of vanadium on
mammalian metabolism include depression of phospholipid synthesis (Snyder
and Cornatzer, 1958), reduction of coenzyme Q levels in mitochondria (Aiyar
and Sreenivasan, 1961), and stimulation of monoamine oxidase, which oxidizes
serotonin (Perry et al., 1955).

Vanadium salts were given to patients in several studies to reduce cholesterol
(Curran et al., 1959; Somerville and Davies, 1962; Dimond et al., 1963;
Schroederetal., 1963). The doses of vanadium in these studies varied from
7 mg/dayto30mg/day. Transient decreases in serum cholesterol levels were
observed in some patients, as were loosened stool and cramps. Green tongue,
a hallmark of vanadium exposure, was observed in all patients.

A relationship between the concentration of vanadium in drinking water and the
incidence of dental caries in children is reported by Tank and Storvick (1960).
Dental caries incidence in children aged 7 to 11 yr was reduced three times
(compared to controls) by applying ammonium vanadate in glycerol to the teeth
(Belehova, 1969)o This relationship was not found in other studies
(Hadjimarkos, 1966; 1968).

It has been suggested that raised tissue levels of vanadium are important in the
etiology of manic-depressive illness. Improvement after treatment with ascorbic
acid or reduced vanadium intake was seen both in manic and depressed
patients.

The toxicity of vanadium is summarized in Figure 5.6.

5.2 CONTAMINANT INTERACTIONS

A primary concern about Monument Valley groundwater is the potential for
nitrate-sulfate interactions. As discussed above, no clear data are available to
assess this interaction, but epidemiological evidence suggests that in infants,
gastrointestinal upset such as that caused by sulfate could increase sensitivity
tomethemoglobinemia produced by nitrates. However, it is also possible that
sulfate-induced diarrhea could decrease the nitrate-reducing bacteria in the
intestine, thereby decreasing nitrate toxicity.
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BASELINE RISK ASSESSMENT FOR OROUN_WATER COIITAMINATION
AT THE URANIUM MILL TAILINGS SITE NEAR MONUMEhT VALLEY, ARIZONA TOXICITY ASSESSMENT

Interactions between nitrate, sulfate, and hemoglobinalso occur. However, no
studieshave been found that addressthe potential interactions of combined
exposureto high nitrate and sulfate concentrations, Nitrate has been used in
the treatment of hydrogensulfide poisoning, The hydrosulfideanion bindsto
methemoglobinto form sulfmethemoglobin,effectively removing circulating
hydrosulfide, Additionaldata are neededto assessthe likelihoodof hydrosulfide
formation with oral sulfate exposureor the subsequentformation or stability of
sulfmethemoglobin.

Strontium toxicity is strongly influencedby calcium intake. Toxicity is enhanced
in low-calcium conditionsand decreasedin the presenceof high calcium.
Although eliminated as a contaminant of concernat Monument Valley because
concentrationsfell within dietary ranges, calciumis elevated in groundwater and
therefore may act to decreasestrontium toxicity,

5.3 CONTAMINANT RISK FACTORS

The EPA Office of Researchand Development has calculated acceptable intake
values, or reference doses(RfD), for long-term (chronic)exposureto
noncarcinogens. These values are estimates of route-specificexposurelevels
that would not be expected to cause adverse effects when exposure occursfor
asignificant portionof the lifetime. The RfDs includesafety factors to account
for uncertainties associatedwith limitations of the toxicologicaldata base,
includingextrapolating animal studies to humans and accounting for response
variability from sensitiveindividuals. These values are updated quarterly and
publishedin the Health Effects Assessment Summary Tables (HEAST)
(EPA, 1992b). Followingmore extensive review, they also are provided through
the EPA'slntegrated Risk Information System (IRIS) data base. The most recent
oral RfDs for the noncarcinogeniccontaminants of concern are summarized in
Table 5.1.

The EPAcurrently classifies all radionuclides as Group A, or known human
carcinogens,basedon their property of emitting ionizingradiationand on the
evidence provided by epidemiologicalstudies of radiation-inducedcancer in
humans. Risk factors are publishedin HEASTand IRIS for correlating intake of
carcinogensover a lifetime with the increased excess cancer risk from that
exposure. The most recent cancer slope factors for uranium-234 and -238 are
given in Table 5.2,
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o_ Table 5.1 Toxicity values: potential noncarcinogenic effects _"._ >m
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= _ Chronicoral _ I_ _ _ =° oi

9= Chemical (mglkglday) Confidence level C_ effect/organ source Uncerta/nty factor z

Nitrate 1.6 High Methemoglobinemia, Water/IRiS 1 _-¢="
hematologic _ ==¢1=

m

Strontium 0.6 Medium Bone Water/IRIS 300 _ z
-zz

Sulfate NA High Diarrhea Water/NA 1 _ o
O

Uranium 0.003 Mc-dium Kidney, decreased Water/IRIS 100 to 1000 z cZ
body weight _ c_

O-4

Vanadium 0.007 Low Hair Water/HEAST 100 g
O

NA - Not available, z z
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Table 5.2 Toxicity values: carcinogenic effects oZ
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Oral SF Weight of evidence

Parameter (pCi -_) dassification Type of cancer SF basis/SF source

Uranium-238 1.3 x 10 _° A a Water/HEAST

Uranium-234 1.4 x 10 _° A a Waten,'H_ST

SF - Slope factor.

A - EPA classification for known human carcinogens.

aNo human or animal studies have shown a definite association between exposure to uranium and devek)pment of car_'er. -4
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BACJELINERISK ABBEBSMENT FOR QROUNDWATER CONTAMINATION
AT THE URANIUM MILL TAILIN08 fiITE NEAR MONUMENT VALLEY, ARIZONA RISK EVALUATION

6,0 RISK EVALUATION

To evaluate human health risks to an individual or population, the results of the exposure
assessment are combined with the results of the toxicity assessment. As discussed in
Section 5.0, potential adverse health effects are entirely a function of how much nf tho
contaminant an individual takes into his or her body. Indeed, at lower levels many of the
contaminants assn,'iated with the mill tellings are beneficial to health, since they are
essential nutrients. ,\t higher levels, these same elements can cause adverse health
effects or, at very high levels, death. In this section, the expected intake, if groundwater
within the plume were used as drinking water, is correlated to potential health effects from
these levels of exposure.

6.1 POTENTIAL NONCARCINOGENIC HEALTH EFFECTS

The results from the exposure assessment showing either the highest intake-to-
body-weight ratios (or highest doses) or the toxicologically most sensitive group
are used to evaluate potential health ef'ects for noncarcinogens, For strontium,
sulfate, uranium, and vanadium, the highest intake-per-body-weight groups are
children 1 to 10 yr old. For nitrate, infant exposures are used to evaluate health
risks, because this is tile toxicologically sensitive population.

The most significant potential health risk associate_, with drinking contaminated
groundwater at the Monument Valley mill site is from nitrate. As can be seen in
Figure 6.1, if groundwater were used for drinking water, more than 50 percent
of the expected exposures would be above the potentially lethal level for
infants. Some degree of methemoglobinemia would be expected with any
infant consumption of groundwater, with more than 70 percent of the predicted
exposure range falling above the severe toxicity level.

The levels of nitrate associated with lethal cases of methemoglobinemia vary
nonsiderably. A major cofactor in nitrate toxicity may be the presence of
bacterial contamination of the groundwater, thus increasing reduction to nitrite
in the gut. This factor has not been evaluated in Monument Valley
groundwater. A second significant factor appears to be that infants prone to
gastrointestinal distress seem to be more sensitive to the toxic effects of
nitrates. For this reason, it is possible that the gastrointestinal effects
associated with sulfate exposures could increase the toxicity of nitrate.
However, it is also possible that sulfate-induced diarrhea could decrease the
intestinal content of nitrate-reducing bacteria, making nitrate less toxic.
Likewise, these high sulfate concentrations may cause the water to be
unpalatable to infants, thus reducing their exposure.

Figure 6.2 shows that much of the exposure distribution for sulfate is above the
range where mild diarrhea would be expected, and nearly 50 percent of the
exposures are above the range of severe diarrhea. Because the predicted nitrate
and sulfate toxicity from drinking water is so severe, and because this is the
only exposure pathway for infants, the additive contribution frorn other sources

-- , ,,,,, ......... --
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would not alter the interpretation of health risks. Therefore, it will not be
evaluated at this time.

It is also important to note that the exposure distribution for infants is based on
tap water intake rates across a population that includes breast-fed and
canned-formula-fed infants. Those infants consuming powdered formula
reconstituted with well water would be in the upper percentiles of this exposure
distribution and could be at high risk of severe diarrhea and methemoglobinemia.
Further, these effects would be expected after very short-term exposures.

For the remaining contaminants of concern at Monument Valley, very few if any
adverse effects are anticipated from chronic groundwater ingestion. For
strontium (Figure 6.3) and vanadium (Figure 6.4), more than 99 percent of the
exposure distribution falls below the EPA-derived oral RfD. The remaining
portion of these distributions is well below any toxic effects observed in
humans. For uranium (Figure 6.5), more than 95 percent of the predicted
exposure range is below the EPA oral RfD. All the distribution is well below any
toxic effects observed in humans. Because of the very low concentrations and
therefore low predicted toxicity for these metals from drinking water, the minor
exposure pathways presented in Section 4.0 would not be expected to
contribute significantly to toxicity at this site. For example, in the
unconsolidated aquifer, screening calculations indicated that ingestion of
produce contributed 15 percent of the strontium exposure obtained from water
ingestion. Because the toxicity of strontium even from water ingestion was so
low, the additional contribution from produce ingestion would not shift the
distribution into a range where adverse health effects would be expected.
Therefore, no further evaluation of this secondary pathway was considered.

Although some of these constituents are elevated in the deeper aquifers, no risk
simulation has been done based on data from these aquifers. The
concentrations of these constituents in the Shinarump were 2 percent of the
unconsolidated aquifer value for nitrate, 10 percent for sulfate, and 20 percent
for strontium. Therefore, the health effects expected from ingestion of the
Shinarump concentrations of these constituents would be minimal relative to the
unconsolidated aquifer.

Although uranium concentrations from wells 614 in the Shinarump and 657 in
the DeChelly exceeded concentrations observed in the unconsolidated aquifer,
risk calculations have not been carried out based on these wells. Because the
source of these elevated uranium levels is at present undetermined, further
evaluation of this issue will be considered in the groundwater phase of the
UMTRA Project.

6.2 POTENTIAL CARCINOGENIC HEALTH EFFECTS

All uranium isotopes are radioactive and, as such, are considered potential
carcinogens. The exposure distribution for uranium intake from the most
contaminated well in the unconsolidated aquifer and the potential lifetime
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BASELINE RISK ASSESSMENT FOR GROUNDWATER CONTAMINATION

AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA RISK EVALUATION

carcinogenic risk associated with these drinking water exposures are shown in
Figure 6.6. These estimates are based on the cancer slope factor developed by
the EPA; however, natural uranium has not been demonstrated to cause cancer

in humans or animals following ingestion exposures. Approximately 80 percent
of the exposure distribution for groundwater ingestion of uranium falls below the
National Contingency Plan guidance for maximum increased lifetime cancer risk
of 1 x 10.4. The expected exposure value results in an excess lifetime cancer
risk of 7x 10 .5. The distribution presented here is thought to be conservative
because it is based on cumulative 70-yr exposure durations. As discussed
previously, this exposure duration is probably appropriate, but groundwater
uranium concentrations resulting from processing at this site would be expected
to decline after the tailings are removed. Therefore, this distribution would
overestimate risk.

Uranium is the only radionuclide measured above background in the plume. No
other progeny have been detected above background levels. Therefore, no
evaluation of uranium decay products was needed.
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BASELINE RISK ASSESSMENT FOR GROUNDWATER CONTAMINATION

AT THE URANIUM MILL TAILINGS SITE NEAR MONUMENT VALLEY, ARIZONA LIVESTOCK AND ENVIRONMENTAL EVALUATION

7.0 LIVESTOCK AND ENVIRONMENTAL EVALUATION

The objective of this environmental risk assessment is to determine if contaminants
detected at the site could adversely affect the existing biological community at or
surrounding the site. Currently, the EPA has no guidance for quantifying potential impacts
to ecological receptors but has developed a qualitative approach generally used for
ecological evaluation (EPA, 1989). With the qualitative approach, the EPA recommends
comparing ambient environment tl media concentrations with relevant criteria (including
water quality) to determine if any concentrations the ecological receptors are expected to
encounter exceed these criteria.

Ecological assessment can be distinguished from human health assessments in that
ecological relationships influence the environment. Environmental toxicology, or
ecotoxicology, combines the sciences of ecology and toxicology to study the ecological
effects of environmental contaminants. Contaminants are defined as environmental

constituents that occur at high enough concentrations to cause deleterious biological
effects(Moriarty, 1988). Toxicology has focused largely on studying the effects of single
compounds on individual organisms. Inecotoxicology, this study extends to include the
effects of multiple constituents on the ecosystem.

An ecosystem is composed of both abiotic and biological components. The abiotic
component is called the habitat. Biological components are organized into species,
populations, and communities. A population is composed of individuals of a species that
occur within a defined area, and a community is a collection of all populations (plant,
animal, bacteria, and fungi) that live in a defined area and interact with one another. In
practice, it is not always easy to set the boundaries for populations and communities. The
community plus its habitat is an ecosystem (Moriarty, 1988).

The prediction of ecotoxicological effects from constituents is extremely complicated.
Ecosystems are not static; the biological components experience constant fluctuations
both in population numbers and relative composition. Abiotic factors (e.g., temperature,
precipitation, nutrient availability) are also constantly changing. The stability of an
ecosystem is therefore determined to a great extent by the ability to respond to normal
stresses. Because normal or baseline conditions are not well understood or defined for any
ecosystem, it is difficult to determine whether changes in ecological parameters (e.g.,
diversity, total biomass, or reproductive trends) are associated with contaminants or
merely reflect normal fluctuations.

It is possible that ecotoxicological effects on individual organisms or populations may not
affect the ecosystem at all. If a prey species is affected, predators may be able to shift to
feeding on other species; predator loss may be compensated for by other predators or by
immigration of another predator population. Recognizing when an adverse effect has
occurred, or is occurring, is a challenge. Unless a mass killing occurs within a population
or community, ecotoxicological effects may go unnoticed. Sublethal effects such as
behavioral changes, reduced reproductive success, enzyme level changes, and effects on
microorganisms can affect interdependent populations or communities (e.g., reproductive
success in one species may influence another, dependent species). Identifying and
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measuring sublethal effects is often difficult. Establishing a causal relationship for a
specific environmental stressor, such as a specific contaminant, is accomplished only
rarely. Neither sublethal effects nor gross impacts have been reported in previous site-
specific documents, nor have they been observed by field staff at Monument Valley.

The effects of contaminants on ecological receptors at the UMTRA sites are a concern; .
however, because scientific understanding of ecosystem interactions is limited, it is
difficult to predict if observed effects on individual populations will result in any real
damage to the ecosystem. Because populations are dynamic, establishing the normal
range of variability within a population is vital to ecological studies. Sublethal effects,
which may be very important to overall ecosystem health, are difficult to detect, and
contaminants present at low concentrations may not kill organisms directly but may
diminish their ability to survive and reproduce.

7.1 EXPOSURE CHARACTERIZATION

This section identifies the ecological resources present at the site that are likely
to be exposed to site-related contaminants and identifies the possible and
probable exposure pathways. As noted in Section 4.0, exposure can occur only
if there are both a source of contamination and a mechanism of transport to a
receptor population or individual.

Currently, contaminated media at the site include the two piles of tailings and
associated contaminated soil and groundwater. However, the tailings and
contaminated soil will be stabilized in a disposal cell 17 mi away, which is
scheduled for completion by 1994. Therefore, direct-exposure pathways (such
as incidental ingestion of soil, dermal contact with soil, and inhalation of air
containing particulates) will not represent a future ecological concern and will
not be evaluated in this baseline risk assessment. Indirect-exposure pathways
(such as bioaccumulation or consumption of previously exposed organisms) are
possible at the site.

Running south to north, the perennial surface water body nearest the tailings
site is Cane Valley Wash, approximately 1500 ft east of the lower tailings pile.
A few areas of ponded water exist approximately 1500 ft to 2000 ft east-
northeast of the lower tailings pile in the Cane Valley Wash floodplain (Figure
2.12). These ponds appear to have been excavated into Cane Valley Wash.
These areas of ponded water historically have been referred to as ephemeral,
and the local residents refer to them as the "frog ponds." As discussed
previously, the plume of impacted groundwater in the unconsolidated aquifer is
traveling north-northeast by as much as 300ft/yr (100m/yr). Not enough data
are available to determine the exact location of the plume or to predict when
and where the plume could reach a surface expression point in Cane Valley
Wash. Based on the current understanding of groundwater conditions, flow
rate, and flow direction, the plume of impacted groundwater has not reached a
surface discharge point. Therefore, it is assumed there is no current site-related
groundwater risk to the aquatic life in Cane Valley Wash or to terrestrial animals
that may gain access to the wash.
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Based on the location of the frog ponds and the direction of groundwater flow,
it is unlikely that site-related groundwater has or will discharge to these frog
ponds (see Figure 2.7). These ponds are cross gradient to the site and are fed
by a spring and seeps. The source of this spring and seep water is probably the
unconsolidated aquifer from the east and south; therefore, this water source is
probably not affected by former activities at the site. The water quality has
been monitored for several years in two of these ponds (sampling locations 621
and 622) and will be discussed in Section 7.2. Based on the water quality data
for these ponds, no evidence suggests these ponds have been contaminated by
site activities.

A potential current pathway involves plant uptake of contaminants in
groundwater. Because of the shallow depth to groundwater (approximately 10
ft (3 m) or less below land surface) the possibility exists that some plants could
access contaminated groundwater either currently or in the future as the plume
movesdowngradient. Plant uptake is evaluated in this risk assessment,
assuming the plant roots accessed groundwater containing the 95 percent UCL
of the median concentrations for the contaminants elevated above background
listed in column 1 of Table 3.4. Because ecological effects differ from human
health effects, the complete list of contaminants will be contaminants of conern
used in evaluation of ecological impacts in this chapter.

For the purposes of this baseline risk assessment, the following future
hypothetical exposure pathways were evaluated. As mentioned previously, the
local population uses the Cane Valley Wash floodplain, including land
downgradient of the tailings piles, to graze livestock (sheep, cattle, horses, and
goats). At some point in the future, awellcould be placed in the plume and
contaminated groundwater used as a water supply for a livestock watering pond
(which could be stocked with fish) or for irrigation of agricultural crops.

7.2 ECOLOGICAL RECEPTORS

A description of the ecological receptors present at or in the vicinity of the
Monument Valley UMTRA site is based on information compiled in previous DOE
reports (DOE, 1989; 1993). No recent ecological field surveys have been
conducted.

The dominant plant species observed in the desert shrub habitat adjacent to the
tailings piles are greasewood, shadscale, broom snakeweed, and soapweed.
These species (plus black brush, cliffrose, small Utah juniper, and singleleaf ash)
occupy the rocky terrain south and west of the site. The blow sand areas just
west of the tailings pile are dominated by rabbitbrush, vanclevea, and Russian
thistle (EES, 1986).

The designated tailings site and adjacent areas (Baucom, 1985) do not include
wetlands or riparian habitat [as defined by the Fish and Wildlife Service (FWS)]
(Cowardin et al., 1979).
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Wildlife use of the highly disturbed areas such as the tailings piles is expected to
be minimal. Also, because remediation of the piles is scheduled for completion
by 1994, the tailings will be eliminated asa future exposure route. Atotai of
19 species of amphibians and reptiles may occur in the site area. Observed
species include the side-blotched, western whiptail, leopard, desert spiny, and
sagebrush lizards. An estimated 42 species of nesting birds may occur near the
site. Seventeen species were observed near the site with the black-throated
sparrow and rock wren being the most common. Numerous ducks were
observed in the vicinity of the frog ponds. Twenty-six species of mammals may
reside near the Monument Valley site; the black-tailed jackrabbit, desert
cottontail, and white-tailed antelope squirrel were observed (Burt, 1985; FBD,
1983). Big game species are not known to occur at or near the site.

A list of threatened and endangered species and other species of concern that
may occur in the tailings site area was developed through consultation with the
FWS and the Navajo Nation (Baucom, 1985; Diswood, 1985; House, 1985;
Ruesink, 1985). The consultation process resulted in the identification of 13
species. Nine species of wildlife and four species of plant life were included on
this list. It was determined that none of the wildlife species would occur near
the site.

Suitable habitat for three of the four plant species (Cutler milkweed, Monument
Valley milkvetch, and Eremocrinum alvomargh_.atum) do occur in the area of the
site. However, these species were not observed at or near the Monument
Valley site in 1986 (EES, 1986).

As described previously, the water quality of the frog ponds (locations 621 and
622) is considered to be representative of background cor, ditions because the
source of water for these ponds is from groundwater and surface water
unaffected by the tailings site. However, for this baseline risk assessment, the
detected concentrations for the contaminants of concern are compared to
available Federal water quality criteria (FWQC) (Table 7.1). These comparison
criteria are designed to protect freshwater aquatic life from chronic exposure
(EPA, 1986). If noFWQC were available for a particular contaminant, other
available comparison values were reported.

A comparison of the historical surface water data from the frog ponds with
available, water quality criteria indicates that the concentrations of magnesium,
manganese, potassium, sodium, vanadium, and uranium exceeded their
respective comparison criteria at both locations. It should be noted that none of
these metals have promulgated FWQC, and that the values presented in
Table 7.1 are advisory values. Although these advisory values are calculated
using the same methods used by the EPA to calculate FWQC (Surer et al.,
1992), the toxicological data base from which these values were derived is very
limited. Therefore, these advisory values may underestimate or overestimate
concentrations of ecological concern.
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TabllTable 7.1 Comparison of contaminants of concern in frog pond water with avail_able water
quality criteria

Median concentration in frog pond water

i Contaminant of concern Location 621 Location 622 FWQC

Amq Ammonium 0.1 0.1 NA

Call Calcium 41 38 NA

Chl_ Chloride 11 27 230 a

Iror Iron 0.07 0.05 1.0

Math Magnesium 31 66 0.00016 b

Maf Manganese 0.05 0.03 0.01 lb

Nitr Nitrate 1.0 3.7 90 c

Ph¢ Phosphate 0.1 0.2 NA

Pot Potassium 4.4 11 0.00013 b

Sili( Silica 8.2 15 NA

So¢ Sodium 47 390 0.48 b

Str_ Strontium 0.42 0.40 NA

Sul' Sulfate 54 400 NA

Ura Uranium 0.018 0.0052 0.000007 b

Varl Vanadium 0.015 0.018 0.003 b

Zin_ Zinc 0,005 0.034 0.25 d

aFrql aFrom EPA (1992c).
bNd bNo FWQC available. Value presented is the chronic advisory value (Suter et al., 1992).
cc0 CConcentration at or below which no adverse effects are expected for warm water fish
(EF (EPA, 1986).

dwt dWater hardness-related chronic FWOC (EPA, 1986).
Nd Note: All concentrations reported in mg/L.
FV_ FWQC for the protection of freshwater aquatic life from chronic exposure (EPA, 1986), unless
spt specified otherwise.
N_ NA - Not available.
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Several of the metals listed in Table 7.1 are common constituents of surface
water (magnesium, manganese, potassium, and sodium) and are essential
micronutrients. The calculated advisory values presented for these four metals
are probably well below levels that would actually result in adverse effects to
aquatic organisms. For example, naturally occurring concentrations of
magnesium in surface waters in the United States range from 8.5 mg/L to
137 mg/L (NAS, 1974), whereas the advisory value for magnesium is
0.00016 mg/L. This level is more than four orders of magnitude less than the
lower end of the magnesium concentration range (8.5 mg/L). The concentration
range for surface waters representative of the United States is 0ol mg/L to
1 mg/L, 0.06 mg/L to 370 mg/L, and 0.2 mg/L to 7500 mg/L, for manganese,
potassium, and sodium, respectively (NAS, 1974). These surface water
concentrations were obtained from the STORET data base (NAS, 1974). No
comparison water quality criteria were available for the remaining contaminants
of concern. However, this water represents background water quality and not
mill- or tailings-related contamination. Therefore, it is unlikely the detected
concentrations represent an ecological concern.

7.3 POTENTIAL IMPACT ON WILDLIFE AND PLANTS

Currently, no exposure pathways are identified as complete at the tailings site.
Based on available groundwater data, it is postulated that affected groundwater
has not reached a surface discharge point (e.g., Cane Valley Wash).

A potential exposure pathway that was evaluated involves terrestrial vegetation.
Terrestrial vegetation can be directly exposed to contaminants in groundwater
through uptake by the roots. Contaminants may accumulate in various plant
parts and exert a wide range of influences, depending on the contaminant.
Plant uptake rates vary greatly among species and are affected by factors such
as soil characterisllics (e.g., pH, moisture, redox potential, organic matter, plant
sensitivity, input-output balance, and cumulative effects). Foraging wildlife can
be exposed to contaminants in groundwater by ingesting plants that have
bioconcentrated certain contaminants.

No evidence indic_=tes that plant uptake of contaminants in groundwater is
• occurring at the Monument Valley UMTRA site. However, based on the shallow
depth to contaminated groundwater at the site (approximately 10 ft below land
surface or less), it is possible the rooting zones of some plants could intercept
contaminated groundwater. The rooting depths for some of the types of plants
occurring in this area (i.e., desert shrub community) reportedly reach maximum
depths of approximately 30 ft below land surface in the vicinity of Los Alamos,
New Mexico (Foxx and Tierney, 1986). Although no site-specific data exist for
rooting depths, plant uptake of contaminants in groundwater may represent a
complete exposure pathway at the site.

Concentrations of the contaminants of concern in plant tissue are estimated
using soil-to-plant Ibioconcentration factors. No soil data or water-to-plant
bioconcentration factors are available for this site. However, because plant root

DOE/AL/62350-43D SEPTEMBER 15, 1993

REV, 1, VER, 2 HATOO4V2.WP7

7-6
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uptake requires that water and nutrients are in aqueous form, it is considered
appropriate to use the soil-to-plant bioconcentration factors for estimating
potential plant uptake at the site. The methodology and parameters used to
estimate root uptake and plant tissue concentrations for the contaminants of
concern are presented in Table 7.2. This methodology is described in detail
elsewhere (ORNL, 1984) and therefore will not be presented here.

The estimated plant tissue concentrations for contaminants of concern in the
vegetative portions (e.g., seems, leaves) and in the nonvegetative portions (e.g.,
fruits, tubers) were compared to approximate concentrations (in mature leaf
tissue) that are reportedly toxic to plants (phytotoxic) (Table 7.2). As illustrated
in Table 7.2, few available data relate tissue concentrations to phytotoxicity. It
should be noted that the reported phytotoxic concentrations are not
representative of very sensitive or highly tolerant plant species. The estimated
contaminant of concern tissue concentrations do not exceed the available

phytotoxicity data. However, no comparison data were available for calcium,
chloride, iron, magnesium, nitrate, potassium, strontium, sodium, sulfate, and
uranium. Therefore, it is not possible to determine if the estimated tissue
concentrations could result in adverse effects to plants.

Bioaccumu;ation in terrestrial organisms as a contaminant of concern function in
ingested plants is a potential exposure pathway at the site. Birds and other
vertebrates consuming these plants can bioaccumulate some contaminants of
concern in their diet if the amount ingested exceeds the amount eliminated.
This is often a function of the areal extent of contamination versus the areal

extent of the animals' feeding range. When the contaminated areas are small,
the amount of food in the animals' diet usually exceeds the amount of
contaminated food and bioaccumulation is not a concern. Therefore, exposure
through diet for all trophic level species is possible in certain areas, but the
potential for bioaccumulation is not always of concern.

Biomagnification is a more severe situation in which the concentration of a
constituent increases in higher levels of the food chain because contaminant
concentrations are accumulated through each successive trophic level. Of
particular concern for biomagnification effects are the top predators, especially
the carnivorous birds and mammals. Only a limited number of constituents have
the potential to magnify in the food chain, because most constituents are
metabolized and eliminated at each level of the food chain. Historically, the
constituents of greatest biomagnification concern have been the organochlorine
pesticides, mercury, polychlorinated biphenyls, and dioxins. None of these
constituents were detected in media at the site, and based on available
information, the potential for the detected contaminants of concern to represent
a concern through food chain transfer is probably low. However, no sampling
of plant or animal tissue has been conducted to date as part of the site
characterization, and it ,s not possible to definitively determine the
bioaccumulation or biomagnification of site-related contaminants of concern.
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_o= o Table 7.2 Comparison of estimated plant concentrations to phytotoxic concentrations _ =_,=

...}> _rrl

- r- r-

<N z
rn _._ m

¢_ Approximate _ =0° (31 w
9 concentration in z

_ Soil to plant Estimated Estimated mature leaf _ m>
- Estimated soils concentration concentration in concentration in tissue that is ;_ mrrl

Groundwater concentration factom vegetab|e growth fruits/tubers toxic _ (n(n

Constituent UCL Kd (mg/kg DW) Bv Br (mg/kg DW) a (mg/kg D_N)b (mg/kg DW) ° _, re;_
Fz

Calcium 450 4 1,800 3.5 0.35 6,300 630 NA --
(nO_0

Iron 0.07 25 1.75 0.004 0.001 0.007 0.00175 NA m_
Q

Magnesium 324 4.5 1,458 1 0.55 1,458 801.9 NA cz

Manganese O.17 65 11.05 0.25 0.05 2.7625 0.5525 400-10OO _: >
o-_

Nitrate d 1,200 0.1 120 30 30 3,600 3,600 NA z

mO
Potassium 34 5.5 187 1 0.55 187 102.85 NA z z

--i --(
}>

Strontium 3.1 35 108.5 2.5 0.25 271.25 27.125 NA _ _-

,,j Sulfate e 2,921 7.5 21,907 0.5 0.5 10,953.75 10,953.75 NA "_" o
_z

-- Uranium 0.029 450 13.05 0.0085 0.004 0.110925 0.0522 NA
o
z

Vanadium 0.02 1,000 20 0.0055 0.003 O. 11 0.06 5-10 _,

Zinc O.017 40 0.68 1.5 0.9 1.02 0.612 100-400

Sodium 76 1OO 7,600 0.075 0.055 570 418 NA
r--

Chloride 35 0.25 8.75 70 70 612.5 612.5 NA _-rn
(n
-I

"Estimated concentration in vegetative portions; calculated as estimated soil concentration multiplied by Bv. ot_
bEstimated concentration in nonvegetative portions; calculated as estimated soil concentration multiplied by Br.
CConcentrations are not presented for yew sensitive or for highly tolerant plant species (Kabata-Pendias and Pendias, 1992). z
dBv and Br factors available for elemental nitrogen only. It is expected that the Bv end Br factors for nitrate would be higher than for nitrogen, om
eBv and Br factors available for elemental sulfur only; thus, these factors were reduced by a factor of 3 for sulfate, z<
Note: No Kd, soil-to-plant concentration factors, or phytotoxicity information is available for ammonium.

Bv - Soil-to-plant elemental transfer factor for vegetative portions of food crops end feed plants (ORNL, 1984). oi=
men Br - Soil-to-plant elemental transfer factor for nonvegetative portions (e.g., fruits, tubers) of food crops end feed plants (ORNL, 1984). re

DW - Dry weight. -4z >
> Kd - Soil-water distribution coefficient, r-

NA - Not available.
< o_ UCL - Upper 95% one-tailed confidence interval of the median, r-c
I_a- }>
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To evaluate the future hypothetical impact on wildlife of using contaminated
groundwater in a livestock pond (i.e., to animals drinking from the pond or fish
stocked in the pond), the 95 percent UCL groundwater contaminant of concern
concentrations were compared to available comparison water quality criteria
(Table 7.3). No available Federal (or state) criteria or standards protect
terrestrial wildlife from exposure to contaminated water. Available surface
water quality criteria to protect freshwater aquatic life include the FWQC (EPA,
1986).

The 95-percent UCL groundwater concentrations for magnesium, manganese,
nitrate, potassium, sodium, uranium, and vanadium exceed the comparison
water quality criteria (Table 7.3), while the groundwater concentrations for
chloride, iron, and zinc are below the comparison criteria. However, as
discussed previously, several of the comparison criteria are not FWQC but are
advisory values. Thus, it should not be construed that adverse effects will
occur if an advisory value is exceeded. No comparison water quality criteria are
available for ammonium, calcium, phosphate, silica, strontium, or sulfate.

Another future hypothetical use of groundwater in the area is irrigating
agricultural crops. Table 7.3 compares the approximate concrntrations in
irrigation water to criteria designed to protect plants (EPA, 1972). Four
contaminants of concern (iron, manganese, vanadium, and zinc) have
comparisor ,;riteria. The 95-percent UCL groundwater concentrations for these
four contaminants of concern are below the comparison criteria (Table 7.3). No
comparis)n criteria are available for the remainder of the contaminants of
concern. Therefore, it is not possible to evaluate the potential of these
compoun0,_ to adversely affect plants through irrigation water. The available
information :uggests that using groundwater as irrigation water would not result
in deleterious effects to plants.

7.4 POTENTIAL IMPACT TO LIVESTOCK

Impacted groundwater originating from the former processing site is not
believed to have reached a surface exposure point (i.e., Cane Valley Wash).
Thus, no site-related risk occurs to livestock currently drinking water in the area
downgradient of the former processing site. Livestock have been observed
grazing on vegetation growing in the Cane Valley Wash floodplain. Ingestion by
livestock of vegetation that may have bioconcentrated contaminants from
groundwater is a potential pathway. However, without additional data (e.g.,
actual plant tissue concentrations) it is difficult to evaluate this exposure
pathway.

Based on past and current agricultural activities in the area surrounding the site,
the possibility exists that, at some point in the future, groundwater could be
used in a livestock watering pond. In an attempt to evaluate the potential
impact to livestock in this hypothetical scenario, the 95-percent UCL
groundwater contaminant of concern concentrations are compared in Table 7.3
to approximate drinking water concentrations considered protective of livestock
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Table 7.3 Comparison of contaminants of concern in groundwater with available water
quality criteria

Water
concentration Concentrationin

Contaminant of protective of Irrigation water
concern Groundwater UCL FWQCa livestockb I_otectlve of plantsb

Ammonium 366 NA NA NA

Calcium 450 NA NA NA

Chloride 35 2300 NA NA

Iron 0.07 1 NA 5,0

Magnesium 324 0.00016 d NA NA

Manganese 0.17 0,011 d NA 0,20

Nitrate 1200 90 e 100 NA

Phosphate 0.6 NA NA NA

Potassium 34 0.00013 d NA NA

Silica 23 NA I_A NA

Sodium 76 0.48 d NA NA

Strontium 3.1 NA NA NA

Sulfate 2921 NA 1000 NA

Uranium 0.029 0,000007 d NA NA

Vanadium 0.02 0.003 d 0,1 0.10

Zinc 0.017 1.5f 25 2.0

eFWQC unless specified otherwise.
bFrom EPA (1972) unless specified otherwise. Values shown are for water used continuouslyon all soils.
°From EPA (1992c).
dNo FWQC available. Value presented is the chronicadvisoryvalue (Suter et el., 1992).
eConcentrationat or below which no adverse effects are expected for warm water fish (EPA, 1986).
fWater hardness-relatedchronic FWQC (EPA, 1986). Criterion presentedwas calculatedusing the average
hardness(2340 mg/L) determined from concentrations of calcium and magnesium in alluvialaquifer wells.

UCL - The upper 95% one-tailed confidence ihtervalof the median.
NA - Not available,
Note: All concentrations reported in mg/L.
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(EPA, 1972). The 95-percent UCL groundwater concentrations exceed the
comparison water quality criteria for nitrate and sulfate while the 95-percent
UCL concentrations for vanadium (0.02 rag/L) and zinc (0.017 mg/L) are below
the comparison criteria (0.1 mg/L and 25 mg/L, respectively). The groundwater
concentration of nitrate (1200 rag/L) is more than one order of magnitude above
the comparison criteria (100 mg/L). If this groundwater were the sole source of
drinking water for livestock, it would ultimately result in death to the ruminants
(e.g., cattle) from methemoglobinemia (Deeb and Sloan, 1975; NAS, 1972). No
comparison water quality criteria have been reported for the remainder of the
contaminants of concern. However, the available information suggests that
using groundwater containing the 95-percent UCL contaminant of concern
concentrations as a source of drinking water for livestock would be
unacceptable, due to nitrate and sulfate concentrations.

7.5 SUMMARY

Insufficient water quality criteria are available to allow comprehensive evaluation
of the effect of contaminated groundwater on livestock and the environment.
However, available criteria suggest no ecological threat exists to plants, either
irrigated, or having roots in contact, with the most contaminated water in the
unconsolidated aquifer. Water from the most contaminated wells in this aquifer
would exceed available water quality criteria protective of aquatic life for
magnesium, manganese, nitrate, potassium, sodium, uranium, and vanadium.
However, there are not enough data to adequately evaluate whether exposure to
this groundwater would actually result in adverse effects to aquatic life. In the
unconsolidated aquifer, watering livestock from the most contaminated wells
would be unacceptable because of elevated nitrate and sulfate concentrations.

Consumption of plants that may have bioconcentrated certain contaminants
from groundwater is a potential exposure pathway to wildlife and domestic
livestock. However, without additional data (e.g., tissue analysis, plant
consumptiun rates, frequency and duration of exposure), it is difficult to
evaluate whether this pathway represents an ecological hazard.

Surface water currently used by livestock, although fed by the unconsolidated
aquifer, is upstream of and not impacted by the contaminant plume. Evaluation
of this water verifies that no adverse effects to livestock or vegetation would
result from the use of the water in the frog ponds.

As discussed in Sections 2.3.3 and 2.3.4, the potential exists for contaminated
groundwater to be expressed on the surface in Cane Valley Wash downstream
(north) of the frog ponds. Currently, this surface water is being sampled to
ensure no contaminants have reached this area. Concentrations of
contaminants that might reach the surface would be expected to be
considerably lower (because of dispersion and dilution) than the UCL
concentrations on which this ecological assessment was based; therefore, use
of this water would present proportionally less hazard. Monitoring upstream of
the point of expression could verify that no hazard exists.
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8.0 INTERPRETATION AND RECOMMENDATIONS

8.1 RISK SUMMARY

The UMTRA Project is required by the UMTRCA to protect public health and the
environment from radiological and nonradiological hazards associated with the
uranium mill sites.

This baseline risk assessment was conducted on the Monument Valley site to
evaluate the presence of these hazards. Because groundwater is currently not
used by area residents, human health is not at risk. However, health risks
would be associated with potential future use of contaminated groundwater.

The primary risks associated with groundwater contamination at the Monument
Valley processing site result from the ingestion of nitrate and sulfate by humans
and other animals. Using groundwater from the most contaminated portion of
the plume for drinking purposes will result in nitrate intakes in the potentially
lethal range for infants, following short-term exposure. These nitrate levels ere
also unacceptable for domestic livestock and wildlife. Sulfate levels in plume
wells are associated with severe diarrhea, which may enhance the toxicity of
nitrate in infants.

8.2 GROUNDWATER CRITERIA

In 1983, the EPA established health and environmental protection standards for
the UMTRA Project, and in 1987 the EPA proposed revised groundwater
standards inUMTRCA. The UMTRA Project is required to adhere to the 1987
proposed groundwater standards until final standards are published. The
UMTRCA groundwater standards consist of groundwater protection standards
to evaluate disposal cell performance and groundwater cleanup standards for
existing contamination at processing sites. These standards are summarized in
Table 8.1 for contaminants that have a proposed maximum concentration limit
(MCL). Because an MCL is not established for every contaminant, the proposed
standard requires meeting background levels for those contaminants that do not
have an MCL.

While these standards apply only to the UMTRA Project, the EPA has also
published drinking water health advisory levels for both long-term and short-
term exposures. These advisories also are shown in Table 8.1.

Nitrate concentrations in plume wells have consistently exceeded the MCL and
health advisory levels. Exceedance of the MCL for uranium has occurred only in
well 657, though it is not clear if these uranium levels are related to the mill
activities or subsurface ore bodies. Selenium marginally exceeded the MCL in a
1989 sampling of plume wells; however, the concentrations of selenium are not
statistically above background.
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Table 8.1 Concentration limits of constituents

UMTRCA MCL Health advisories Health advisories
40 CFR 192.02 10-kg child, 10-day 70-kg adult lifetime

Constituent (mg/L) (rag/L) (rag/L)

Chemicals(inorganic)

Antimony - 0,015 0,003

Arsenic 0.05 - -

Barium 1,0 - 2

Boron - 0,9 0.6

Cadmium 0.01 0,04 0,005

Chromium 0,05 1,0 O,1

Copper - - -

Fluoride - - -

Lead 0,05 - 0,015 a

Manganese - - -

Mercury 0.002 - -

Molybdenum 0.1 b 0.08 0.04

Nickel . 1.0 O.1

Nitrate 44c'd 44d'e -

Selenium 0.01 c . .

Silver 0,05 0.2 O,1

Strontium - 25,0 17

Sulfate - - -

Thallium - 0,007 0,0004

Vanadium - 0,08 0,02

Zinc - 6,0 2

Radionuclides

Radium-226/-228 5 pCi/L - -

Uranium 30 pCi/Lc'f - -
(U-234/-238) (0.044 mg/L)

aAction level,
bExceededin backgroundand plume wells in unconsolidatedaquifer.
CExceededin plume wells,
dEqual 10 mg/L nitrate as nitrogen,
eUnder review,
fExceededin DeChelly 657,

i ii ill ii
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8.3 RISK MITIGATION MEASURES

Because there is a potential for serious health effects following short-term use
of nitrate-contaminatedgroundwater, this sectionpresents possibleways to
restrict access to groundwaterso as to mitigate risks.

Institutional controlsare defined in the proposedgroundwaterstandardsfor
UMTRA as mechanismsthat can be effectively usedto protect human health
end the environment by controllingaccessto contaminated groundwater.
Althoughthe proposedstandardsrefer to institutionalcontrols for long periods
of time (e.g., up to 100 years duringnatural flushing),this concept can also be
appliedto short-term or interim restrictionof access to groundwater. Becauseit
will take years to characterize groundwaterat the Monument Valley site and
becausenot all 24 UMTRA sites can be evaluated simultaneously,interim
institutionalcontrolsare neededbefore remedial action decisionsare made for
individualsites.

Successful institutionalcontrolscan be implementedby permanent government
entities. The Divisionof Natural Resourcesmanageswater resourceswithin the
Navajo Nation. Boththe Divisionof Natural Resourcesof the Navajo Nation and
the Navajo Nation EnvironmentalProtectionAgency are responsiblefor water
supply, standards,and discharge. The Divisionof Natural Resourcesis
responsiblefor administeringthe water permit system and developingwater
code complianceregulationsfor the Navajo Nation.

Currently, two permittingcategoriesexist for water access: permits for well
drillingand permits for water use. Bothpermits are necessaryfor drillingnew
wells. Permits usuallyundergoan administrativeand a technical review.
Agency implementationof institutionalcontrols would be most effective at the
technical review level. Tribal agenciesand local authorities would have to agree
to the technic.elcriteria for implementinginstitutionalcontrol of groundwater
use.

After obtaining signature approval from the director of Water Resource
Management, a permit is sent to the Navajo Department of Justice to determine
any jurisdictionalissues or problemswith water rights. The permit is then
reviewed by the Executive Director of the Divisionof Natural Resourcesto
determine the potential for regional,political,or socialconcerns or impacts.

Establishinginterim institutionalcontrolsand ensuringthe protectionof human
health and the environment would require a consensusamong Navajo Nation
governmental agenciesand local Navajo governingauthoritiesand chapter
houses. Local authoritieswould probr=blyhave to be responsiblefor monitoring
new wells to ensurethat they,have been approved. The governingauthorities
would also need to be informed of monitoringresultsand the anticipated
duration of contamination problems. Chapterhouseswould probablybe the
most effective organizationsfor educatinglocal residentsabout potential risks
end the necessity of access restrictions.
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If access is denied, especiallyto water sourcestraditionally usedin the past, a
readilyaccessiblealternative water supply must be provided. An alternative
supplywould have to be installedwith the consultationof the local authorities.
Providingan alternate water sourcefor the residentsin the vicinity of the
Monument Valley site would help mitigate the possibilityof accessing
contaminatedwater in the unconsolidatedaquifer by hand-diggingwells and
ponds. Although hand-diggingof wells and pondsoccursat this site, it has not
occurredin the vicinity of the present location of the contaminant plume. This
type of access is difficult to control;however, reducingthe residents' need for
additionalwater suppliesby providinggood alternative water sourcesmay be
the most effective control at this site.

8.4 FUTURESITE ACTIVITIES

Surface remediationat Monument Valley shouldbe completedby spring 1994.
For the groundwater phase, monitoringgroundwaterand potential surface
expressionpointswill continueuntil the detailed characterizationof the site
groundwater is complete.

To resolveoutstandingquestions with respectto groundwaterquality,
movement, and surface expressionat this site, the following monitoring
activities may be necessary:

• Becausewells in the unconsolidatedaquifer are screened at varying depths
and may not providewater level data appropriateto delineatethe water
table map, installingadditionalmonitor wells/piezometerswith screened
sectionsthat bracket the water table is recommendedto decreasethe
uncertaintiesin asses=;mentof the hydraulicgradientsand the linear
velocities of the uppermostwater-bearingzone.

• Measuringthe rate of dischargefrom surface springsin Cane Valley Wash
and north of the tellingssite at samplinglocation 620 would allow accurate
assessmentof the relative contributionsof springwater and downstream
groundwater seepageto the ephemeral flow in the wash.

• Samplingdeeper zone wells (614 and 657) shouldcontinueto verify
reductionin site-relatedcontaminantsresulting from the upward movement
of groundwaterover time.

8.5 RECOMMENDATIONS

In general, the proposedgroundwaterstandardsconsistingof MCLs or
bac, _roundconcentrationsare sufficient to protect human health and the
environment. However, in some cases, a risk assessmentmay identify
site-specificfactors that suggestthese standardsmay either be too restrictive or
not restrictive enough. When standardsare too restrictive, there may be no
potential for exposure, and a less restrictivealternate concentrationlimit (ACL)
may be sought, in other cases, the standardsmay not be sufficiently protective
(e.g., if many contaminants are near the MCL with additive or synergistic
adversehealth effects).
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At Monument Valley, no permanent physical barrierprevents access to
contaminatedgroundwaterat the former processingsite. Therefore, ACLs could
not be justified for those constituents with MCLs. However, for those
constituentsthat exceed backgroundand do not have MCLs, this assessment
suggests that backgroundlevels are more restrictive than necessary. This
includescontaminantsscreenedbecausetheir concentrationsfall within
nutritionallevels (e.g., iron, zinc). It also includesother contaminantssuch as
strontium and vanadium that were demonstratedto be at concentrationswell
below adverse health effect levels. ACLs shouldbe sought for these
contaminants.

The nitrate MCL of 44 mg/L (10 mg/L as nitrogen)may not be sufficiently
protective for infants where sulfate concentrationsare also high. Furtherstudy
of this potential synergismis neededbefore remedialaction decisionsare made
for this site.

The levels of nitrate presenta serioushealth risk if contaminatedgroundwater at
this site is used. The levels in monitor wells 606 and 655, as well as in other
monitor wells within the contaminant plume in the unconsolidatedaquifer,
substantiallyexceed levels at which fatal cases of methemoglobinemiahave
been reported for infants in the literature. This situation requiresimplementation
of institutionalcontrols as soon as possible,regardlessof the i'emedialaction
strategy pursued. In view of this situation, developmentnf the DeChelly water
resource for use by the valley residents is recommended. This could be
accomplishedsimply by improvingaccess to artesian wells 625 and 613, which
are currently usedby the residents.

In the near term, it is recommendedthat wells continue to be monitored for
ammoniumand the contaminantsof concern listed in column 4 of Table 3.4.
Though ammoniumis not consideredto posea health threat, the elevated levels
are likely to affect the taste and odor of the water, thereby decreasingits
usefulnessto the residents. Althoughnot all the constituents in column 4
present health risks, the pattern of elevation in these constituents is useful in
evaluating the impact of water from the unconsolidatedaquifer on downgradient
wells and deeper water-bearing zones. More extensive samplingof background
wells in the deeper zones is also neededto better evaluate water quality in
these zones and to verify that the rate of upward flow from the DeChelly
Sandstoneis sufficient to reduce site-relatedcontaminants.

If site monitoringindicatesthe contaminant plume has reached Cane Valley,
sampling of plant and animal tissuesis recommendedto assessbioaccumulation
end the potential for food chaintransfer.
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