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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH CITIZENS' SUMMARY

CITIZENS’ SUMMARY

This baseline risk assessment of groundwater contamination at the uranium mill tailings
site near Salt Lake City, Utah, evaluates potential public health or environmental impacts
resulting from ground water contamination at the former uranium ore processing site. The
tailings and other contaminated material at this site were placed in a disposal cell located
at Clive, Utah, in 1987 by the U.S. Department of Energy’s Uranium Mill Tailings Remedial
Action (UMTRA) Project. The second phase of the UMTRA Project is to evaluate residual
ground water contamination at the former uranium processing site, known as the Vitro
processing site. This risk assessment is the first site-specific document under the Ground
Water Project. It will help determine the appropriate remedial action for contaminated
ground water at the site.

Two aquifer systems are present at the Vitro site: a shallow, unconfined aquifer at 5 to
15 feet (1.5 to 4.6 meters) below land surface and a deeper, confined system from 70 to
500 feet or more {20 to 150 meters) below land surface. The confined aquifer is a source
of municipal water in Salt Lake City. While the ground water in the shallow, unconfined
aquifer has been contaminated by previous Vitro site activities, upward pressure between
the two aquifers prevents downward contaminant migration into the deep aquifer.
However, an on-site municipal well extends into the deeper system, creating the potential
for pulling the contamination down from the shallow aquifer into the confined aquifer.
This contaminant migration would only occur with extensive water production at the well.
Therefore, water quality at the well is being monitored by the state of Utah for any
contaminant migration to the deep aquifer.

There are currently no domestic or drinking-water wells in the contaminated ground water.
Because the contaminated ground water is not used for drinking water, human health risks
are not associated with the contaminated ground water. However, the potential for
surface expression (for example, seeps) of contaminated ground water could not
conclusively be determined. Because no permanent barrier limits access to the
contaminated ground water, and because ground water in the region is used for drinking
water, this risk assessment evaluates the potential future use of the contaminated ground
water.

The first step in a risk assessment is to evaluate ground water data collected from monitor
wells at the site; at the Salt Lake City site, data were collected during the last 4 years.
Evaluation of these data shows the main contaminants associated with the site are
chloride, fluoride, magnesium, manganese, molybdenum, sodium, sulfate, uranium, and
radium.

The next step in the risk assessment is to estimate how much of these contaminants
people would be exposed to if a drinking well tapped the contaminated ground water.
Because contaminant concentrations vary each time a well is sampled and because people
vary in how much they weigh and drink, this risk assessment used probability distributions
to determine the amounts of contaminants that would likely be ingested by people using a
well at the site. The probability distributions describe how likely it is for something to
happen. For example, based on population surveys, probability distributions can describe
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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 through tap water are
then compared to the toxic effects these contaminant levels might cause. The most
significant potential health hazard in the ground water at the Vitro site is sulfate. Although
no one drinks the contaminated ground water, sulfate levels in the shallow aquifer exceed
levels that are known to cause particularly severe diarrhea and dehydration when ingested
by infants.

Other contaminants that occur at toxic levels are magnesium, fluoride, manganese,
molybdenum, sodium, and chloride. The magnesium concentrations in the contaminated
ground water near the site could increase the severity of suifate-caused diarrhea, and
could depress the central nervous system. Fluoride levels at the site could result in dental
damage in children. Manganese and molybdenum concentrations could be associated with
the development of mild neurological symptoms and copper deficiency. Finally, the
sodium chloride levels could result in hypertension. These toxic effects could be worse in
someone whose kidney function is compromised by factors other than consumption of this
water.

This risk assessment also evaluates the potential effects on livestock if the ground water
were used to water cattle or sheep. Sulfate concentrations near the Vitro site are high
enough to cause diarrhea in animals if the contaminated ground water were used as the
sole source of drinking water. Molybdenosis could develop in livestock grazing on pasture
grasses from the Vitro site.

Molybdenum concentrations at the site could be harmful to plants that may have roots in
contact with soil saturated with contaminated ground water. Potential use of this ground
water for continuous crop or pasture irrigation is not recommended due to elevated
molybdenum, fluoride, manganese, and iron concentrations. The contaminated ground
water is not suitable for developing a future pond because the elevated chloride, iron, and
silver concentrations are harmful to many aquatic organisms.

Based on limited surface water and sediment-quality data, surface water near the Vitro site
appears to be unaffected by uranium ore processing. However, the molybdenum
concentrations in the South Vitro ditch sediments may be toxic to the aquatic organisms
there and to the wetland plants bordering the ditch.

The U.S. Department of Energy monitors the ground water below the Vitro site and wells
are sampled routinely. The water levels in both aquifers are measured routinely to help
determine if the upward pressure from the deeper confined aquifer is strong enough to
keep contaminants from the deeper aquifer. The Salt Lake City site evaluation is ongoing
and will include further characterization of the ground water and how it moves. Based on
these results and this risk assessment, an approach will be proposed for managing the
contaminated ground water. The overall ground water decision-making framework will be
presented in a programmatic environmental impact statement and site-specific remedial
action decisions will be presented in an environmental assessment or environmental impact
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statement. These processes will include public involvement. Meanwhile, controlling
access to contaminated ground water should be pursued.
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1.0 INTRODUCTION

The purpose of this baseline risk assessment is to determine whether the ground water
contamination at the Salt Lake City, Utah, uranium processing site has the potential to
adversely affect public health or the environment. The Salt Lake City 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
(42 USC 87901 et seq.) under the direction of the U.S. Department of Energy (DOE)
Uranium Mill Tailings Remedial Action (UMTRA) Project.

The first phase of the UMTRA Project is to stabilize the tailings in a disposal cell to
minimize radon and other radiation emissions and minimize further contamination of ground
water. At Salt Lake City, the first phase of the UMTRA Project was completed in 1987
when the tailings were stabilized in a disposal cell at Clive, Utah.

The second phase of the UMTRA Project is to evaluate ground water contamination at the
former uranium processing sites, determine if remedial action is necessary, and implement
remedial action as needed. The 1988 amendments to the UMTRCA authorized the DOE to
conduct ground water remedial activities.

Ground water evaluation strategies and cleanup methods are described in the draft
Programmatic Environmental Impact Statement (PEIS) for the Uranium Mill Tailings
Remedial Action Ground Water Project (DOE, 1994a). This baseline risk assessment is one
of the site-specific documents prepared to evaluate potential health and environmental
risks and provide information to assist in determining appropriate remedial action.
Following the PEIS and risk assessment, a site-specific environmental assessment will be
prepared to evaluate potential environmental impacts and select a ground water
compliance strategy for the Salt Lake City sites.

This risk assessment is a baseline assessment in that it describes preremediation ground
water conditions at the site, with ground water contamination only partially characterized.
Nonetheless, this document evaluates the potential for imminent public health or
environmental risks that may need attention before the site is fully characterized.

The evaluation is based on available ground water data from the most contaminated wells
at the processing site. Only major exposure pathways have been thoroughly examined. If
future data collection, decisions, or actions at this site cause conditions to change, other
pathways will be evaluated in more detail.

This risk assessment follows the basic framework outlined by the U.S. Environmental
Protection Agency (EPA) (EPA, 19889a) for evaluating hazardous waste sites to assess
potential health and environmental impacts. The risk assessment process consists of the
following steps:
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e Data evaluation.

— Combining existing data from various site investigations.
— Comparing sample results with background and tailings source data.
— Selecting appropriate chemical data for the risk assessment.

L4 Exposure assessment.

— Characterizing exposure setting.
— Identifying exposure pathways.
— Quantifying exposure.

e Toxicity assessment.

— ldentifying toxicity values.
— Evaluating noncarcinogenic effects.
—~ Evaluating carcinogenic effects from radionuclides and chemical carcinogens.

e Public health risk characterization.

-~ Comparing toxicity ranges to predicted exposure ranges.
— Combining risks across exposure pathways and multiple contaminants.
— Characterizing uncertainties.

e Environmental risk.

— Characterizing potential biota exposure pathways.
— lIdentifying potential ecological receptors.
~ Evaluating environmental risk qualitatively.

This framework is incorporated in the methodology developed to evaluate current human
health risk at UMTRA Project sites and to estimate risks from potential future use of
contaminated ground water or surface water near the former Vitro site. A report
describing this methodology is in preparation.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH SITE DESCRIPTION

1

2.0 SITE DESCRIPTION

The Salt Lake City site (the former Vitro processing site) is in a large basin drained by the
Jordan River. The site is between the Wasatch Mountains to the east and the Oquirrh
Mountains to the west, 4 miles (mi) (6 kilometers [km]) south-southwest of the center of
Salt Lake City, in the city of South Salt Lake. Figure 2.1 shows the site location at the
northeast corner of the intersection of 3300 South Street and 900 West Street.

2.1 SITE BACKGROUND

In 1941, a large smelter known as the Calunite Smelter, Inc., was completed on
3300 South Street and 900 West Street in Salt Lake City. In 1946, the plant
became known as the Vitro Chemical Company Calunite Plant. From 1941
through 1951, this smelter processed aluminum from aluminite. In May 1951,
the Vitro plant began processing uranium ore under contract with the U.S.
Atomic Energy Commission (AEC). Because the plant operator was the Vitro
Chemical Company, the site is often referred to as the Vitro processing site.

From 1951 to 1964, the Vitro plant processed uranium ores by acid leaching.
In 1965, the mill converted to the production of vanadium. Vanadium
production ceased in 1968 and the plant was dismantled in 1970.

In 1951, Vitro Chemical Company began processing uranium ores using the
phosphate precipitation technique. Uranium ore was first roasted and then
leached in a sulfuric acid solution. Metallic aluminum was added to the solution
as a reducing agent and the pH was kept in the range of 1.0 to 1.8 to promote
uranium precipitation (in a reduced trivalent form) as a phosphate. After the
solids (tails) were separated from the uranium-bearing leachate, the uranium
was precipitated from the acid solution by adding orthophosphate. The uranium
phosphate precipitate was then digested in a 10- to 30-percent sodium or
potassium hydroxide solution to remove excess phosphate. The mill could
process 100 tons of ore per day in 1951 and was expanded to process 500
tons per day by 1956 (Merritt, 1971).

In 1957 the plant was converted to a solvent extraction processing circuit; 600
tons of ore per day were processed. After the ore was roasted and leached in a
sulfuric acid solution adjusted to a pH of 1, a reducing agent (typically sodium
hydrosulfide) was added to the slurry to reduce ferric iron and molybdenum.
The solids were separated from the solution, the solids were disposed of in
tailings piles, and the solution was mixed with an organic solution. This organic
solution was 10 percent or less monododecyl phosphoric acid (DDPA) dissolved
in kerosene. While the kerosene solution and acid-aqueous solution were
immiscible, intensive agitation allowed the uranium in the acid solution to
complex with the DDPA in the kerosene solution, thus removing the uranium
from the acid solution. The spent acid solution, called raffinate, was pumped to
evaporation ponds. This raffinate may have contained up to 5 parts per million
{ppm) DDPA (Merritt, 1971).
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH SITE DESCRIPTION

2.2

2.3

The uranium was extracted from the kerosene solution by mixing the organic
liquid with aqueous 10 normal hydrochloric acid; the uranium complexed with
chloride in the aqueous solution, which was then separated from the immiscible
kerosene. The hydrochloric acid solution was evaporated, with the distilled acid
recovered for reuse. After uranium-bearing solids left by evaporation of the acid
were diluted with water, ammonia was added to precipitate ammonium
diuranate, which was heated to drive off excess ammonia. This process
resulted in a final product of uranium oxide (U30g).

The DDPA-kerosene solution was recycled. However, buildup of thorium,
titanium, and scandium in the solvent required periodic treatment to remove
these elements from the kerosene solution. This was done by stripping with 10
percent hydrofluoric acid solution, which resulted in precipitation of thorium,
titanium, and scandium as fluorides. These precipitates were shipped elsewhere
for refining (Merritt, 1971).

Remedial action at the Salt Lake City uranium processing site occurred from
1985 to 1987. A total of 2,798,000 cubic yards (yd3) (2,139,000 cubic
meters [m®]) of tailings were removed from the site and stabilized in a disposal
cell at Clive, Utah (approximately 85 mi [140 km] west of Salt Lake City}. The
state of Utah was the remedial action contractor. The state was responsible for
removing the tailings and for submitting a site completion and certification
report to the DOE for U.S. Nuclear Regulatory Commission (NRC) concurrence,
certifying that the surface is free of contamination. The state of Utah submitted
the draft completion report for NRC concurrence in December 1992.

CLIMATE

The Salt Lake City site is in the intermountain Plateau climatic zone that extends
between the Cascade and Sierra Nevada Ranges and the Rocky Mountains.

This area is classified as a middle-latitude, dry climate or steppe, characterized
by a hot, dry summer, cool spring and fall, and moderately cold winter. Normal
daily highs range from about 37 degrees Fahrenheit (°F) (3 degrees Celsius
[°C)) in January to 93 °F (34 °C) in July, while normal daily lows range from
about 19 °F (-7 °C) in January to 61 °F (16 °C) in July (DOE, 1984a).

The prevailing winds are from the southeast and south-southeast. Average
annual precipitation from 1948 to 1983 was 15.8 inches.

HYDROGEOLOGY

The lithology underlying the Salt Lake City site consists of a thick sequence of
Quaternary lacustrine-fluvial deposits with minor alluvial overburden.
Unconsolidated lacustrine deposits below the site are approximately 700 feet
(ft) (210 meters [m]) thick (Arnow et al., 1970). Tertiary deposits underlie the
Quaternary deposits to a depth of approximately 1200 ft (370 m) (Mattick,
1970). These Tertiary deposits consist of semiconsolidated clay, sand, and
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BASELINE RISK

ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH SITE DESCRIPTION

2.3.1

gravel interspersed with lava and cemented layers of sand and gravel (Arnow
et al., 1970). After site surface remediation, the upper 4 to 13 ft (1.2 to
3.9 m) were replaced with clean sandy gravel fill material.

Borehole samples from previous investigations (Figure 2.2) indicate the shallow
materials consist of unconsolidated silt, clayey-silt, silty-clay, and lenticular
sands deposited in a fluvial-lacustrine environment. These sediments are
complexly interbedded and correlation between individual boreholes is
sometimes difficult. Figure 2.3 shows a geologic cross section of the site.
Borehole data suggest siltier and more clayey sediments are found in the
southern and eastern portions of the site {(monitor wells 130 to 133) and sandier
sediments occur in the northern and western portions of the site (monitor wells
134 and 135). Monitor well locations are shown in Figure 2.2,

The ground water regime in the vicinity of the Salt Lake City site is generally
characterized by two aquifer systems: a shallow, unconfined system and a
deeper, confined system. The two aquifers are separated by interbedded layers
of low-permeability clays and silts. Wells at depths from 70 to 330 ft (20 to
100 m) below the ground surface are under substantial artesian pressure, with
ground water flowing from several wells. Near the site, ground water in both
aquifers flows predominantly to the west-northwest, toward the Great Salt
Lake.

Shallow unconfined aquifer

In the vicinity of the former tailings pile, the upper, unconfined aquifer is
approximately 45 ft (14 m) thick. Ground water yields from the interbedded
strata of this aquifer system depend on the lithology of the screening location.
Results from DOE on-site aquifer pumping tests conducted in July 1992 indicate
ground water yields can range from much less than 1 gallon (4 liters) per minute
from the silts and clays, to long-term sustained vields of more than 4 gallons
(16 liters) per minute from the fine-grained sands and silty sands.

The major sources of recharge to the unconfined aquifer are precipitation
infiltration and upward leakage from the confined aquifer. Ground water in the
unconfined aquifer generally discharges to surface water drainages such as Mill
Creek and the Jordan River (Figure 2.2). However, a highway drain below the
Denver & Rio Grande Western Railroad overpass of 3300 South Street locally
influences ground water flow in the unconfined aquifer. Ground water entering
the drain is pumped out of a sump into a culvert that discharges into the head
of South Vitro ditch. Ground water levels in the area indicate a ground water
divide in the southeast corner of the site draws ground water from that area
toward the drain (Figure 2.4).

A 28-acre (ac) (11-hectare [hal) golf driving range has been constructed in the
southeast corner of the site. Irrigation of the golf course is recharging the
shallow unconfined aquifer. This additional recharge may affect ground water
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH SITE DESCRIPTION

2.3.2

flow and may increase the rate at which potentially contaminated ground water
will migrate off the site toward the southeast.

Ground water levels in the unconfined aquifer range from 5 to 15 ft (1.5 to
4.6 m) or more below the ground surface. The water level is highest in March
or April and lowest in mid-to-late summer. This seasonal pattern is caused
primarily by recharge from the confined aquifer, which in the north part of the
valley also reaches its seasonal high in March or April and its low in mid-to-late
summer (Hely et al.,, 1971). Topographic lows east of the site are perennially
marshy. The ground water flows primarily from southeast to northwest.
Figure 2.4 shows a water table map of the shallow unconfined aquifer.

The hydraulic conductivities, determined from slug tests and an aquifer test
conducted in 1992, ranged from 0.37 to 8.9 ft (0.11 to 2.7 m) per day
(Calculation No. SLC-07-92-14-03-00) (TAC, 1992). A range of average linear
ground water velocities in the shallow unconfined aquifer was calculated using
the range of hydraulic conductivities, a hydraulic gradient of 0.005, and an
assumed effective porosity of 0.20. Using Darcy’s Law, the average linear
velocity for ground water flow in the shallow unconfined aquifer ranges from
approximately 3 to 80 ft (1 to 30 m) per year.

Confined aquifer

The confined aquifer begins 70 ft (20 m) below the ground surface; the ground
water is under substantial artesian pressure. Hydraulic head levels range from
approximately 8 ft (2.5 m) above the ground surface for the well screened at
70 ft (20 m} to 15 ft (4.5 m) above ground surface for the wells screened at a
depth of approximately 130 ft (40 m). Near the Jordan River, this confined
{(artesian) aquifer system extends to depths of 500 to 800 ft (150 to 240 m)
below the ground surface (Hely et al., 1971).

The major source of recharge to the confined aquifer is precipitation infiltration
and snowmelt along the flanks of the Wasatch and Oquirrh Mountains. Beneath
the site, the ground water in this aquifer flows west-northwest. Natural
discharge is upward to the unconfined aquifer system. Artificial discharge
includes pumpage of wells completed in the confined aquifer system. A
potentiometric contour map of the deeper confined aquifer was not constructed
because there were too few data to contour.

The relatively good water quality of the confined aquifer is maintained by the
upward vertical hydraulic gradient between the two aquifers, which prevents
downward water migration from the unconfined aquifer. The potential for
contamination of the confined aquifer exists, however, if hydraulic head in the
confined aquifer declines so that the direction of flow between the two aquifers
reverses. Localized water could percolate from the shallow-unconfined aquifer
into the confined aquifer in the area of the cone of depression caused by large-
scale pumping from wells developed in the confined aquifer.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH SITE DESCRIPTION

2.4

2.5

SURFACE WATER

Three surface water bodies are near or at the Salt Lake City site. The Jordan
River is about 1500 ft (460 m) west of the site and flows north to the Great
Salt Lake. Mill Creek, a perennial stream, flows along the north edge of the
site. This creek empties directly into the Jordan River. One flowing drainage is
on the Salt Lake City site (Figure 2.2). The South Vitro ditch crosses the site
flowing from south to north and joins Mill Creek just north of the site. The site
contributes runoff to the South Vitro ditch only with severe rains. Ground
water elevations in monitor wells near the South Vitro ditch are below the
bottom of the ditch bed; therefore, the ditch probably is not recharged by
ground water.

LAND USE

The 128-ac (52-ha) former processing site is in a primarily urban area in the city
of South Salt Lake. As the metropolitan area expanded, the area around the
former Vitro site changed from agricultural and limited residential use to
industrial use.

The entire site is owned by the Central Valley Water Reclamation Facility
(CVWRF), except for a 25 x 25-ft (8 x 8-m) strip of land surrounding the
municipal water well, and an easement, which is owned by the City of South
Salt Lake. A 28-ac (11-ha) portion of the land in the southeast corner of the
site has been leased and developed into a golf driving range. The remaining land
is vacant but it may be developed as a commercial area, residential area, or golf
course. Figure 2.5 shows a land use within a radius of about 0.5 mi (0.8 km)
from the site.

The CVWRF sewage treatment plant (on adjacent property north of the central
portion of the site) and the channel of Mill Creek are north of the driving range.
Warehouses and Denver & Rio Grande Western Railroad property are still farther
north.

The railroad also occupies the land on the east side of the site. This property
extends as far as Interstate 15. A cement plant is at the southeastern corner of
the site.

On the south, the site is bounded by 3300 South Street. The land across 3300
South Street is occupied mainly by car dealerships and junk car yards. A mixed
residential and farming area, consisting of about 20 to 25 residences, is about
300 ft (90 m) away from the site’s southwestern corner, across 3300 South
Street. These are the nearest residences to the Salt Lake City site. Livestock is
kept by some of these residents. Cattle and horses graze on the nearby fields.

On the west, the site is bounded by 900 West Street. The Jordan River
controls land-use patterns further west. This area includes light industry,
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH SITE DESCRIPTION

2.6

commercial developments, and vacant land, with about 10 residences on 1100
West Street. Ducks, geese, and horses are kept at some of these residences.
An apartment complex, a correction facility, and a recreation area associated
with the Jordan River are the other developments in the region.

WATER USE

A ground water-well records search and field reconnaissance were conducted in
April 1994, at and near the former uranium processing site. Detailed
examination of the state engineer’s data base and intensive field investigation
downgradient from the site did not reveal any users of the shallow-unconfined
aquifer ground water within a 1-mi radius of the site (TAC, 1994).

Water in the underlying confined (artesian) aquifer is suitable for public and
industrial use.

Residences and small businesses in the site vicinity use the municipal water
supply system. Some residents living about 0.25 mi (100 m} west of and
downgradient from the site (on South 1100 West Street) use domestic wells
completed in the deep-confined aquifer (from 100 to 300 ft {30 to 90 m) below
the land surface). None of these wells is currently used for drinking water. One
well was used to irrigate a garden but appears to be sanded up and now
produces only a trickle of water.

City (South Salt Lake) water lines serve the area of the former mill site and the
area east of the site. The city obtains water from five operating water wells
within the city limits (Figure 2.5). The municipal water wells range from 800 to
1000 ft {240 to 300 m) deep, but they generally are perforated from 400 to
800 ft (120 to 240 mj).

Water from the wells is pumped to an underground reservoir (at 1300 East
Street) where it is gravity-fed into the water lines. The state of Utah samples
and tests the water once a month. Other than transient coliform contamination,
the water has always met drinking water standards. Therefore, no water
treatment is necessary except chlorination. Areas west of the site are served
by the water lines of the Water Conservancy District, which uses Salt Lake City
or county water wells.

In 1985, the CVWREF sold the water rights to four on-site wells to the city of
South Salt Lake. These wells had been owned by the Vitro Uranium Company.
One of these wells, a 10-inch cased well, is in the southeast corner of the site.
The city is attempting to develop this well as a source for the municipal water
supply system. The city has water rights for 2.67 cubic feet (0.08 cubic
meters) per second. The remaining three wells have been abandoned.

Because the state of Utah is concerned about the potential movement of
contamination into the confined aquifer beneath the site, pumping from the
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH SITE DESCRIPTION

on-site city well will be limited so as to prevent gradient reversal. Before full-
scale production pumping begins, a geophysical survey must be completed to
ensure well integrity. Water quality in the well will be evaluated every six
months. During the first 6 months of pumping, the flow will be limited to 1
cubic foot (0.3 cubic meter) per second and drawdown shall not exceed 60 ft
{18 m) below ground surface. The water will be retested after 6 months of
pumping. If the surrounding wells and the ground water chemistry show no
signs of contamination, pumping will continue for another six months. After
that, the state of Utah may approve an increase in production rate. It may
restrict pumping if the well shows negative impacts from drawdown and/or if
the water chemistry changes.

The city of South Salt Lake supplies irrigation water for about 25 ac (10 ha) of
grass at the driving range at the former mill site. However, the treated water
obtained from CVWRF will be used to irrigate the driving range in the future.
Approximately 1 acre-foot is used for irrigation during the summer.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH EXTENT OF CONTAMINATION

3.0 EXTENT OF CONTAMINATION

Ground water quality data from the unconfined aquifer were collected from 1982 through
1988 from a total of 37 monitor wells and from 1990 through 1993 from 11 monitor
wells. Data collected from 1982 through 1988, by both the DOE and the state of Utah,
are of uncertain quality. Trace element data are particularly unreliable, and were used here
only to document trends in major-element chemistry.

Ground water data used to establish background and contaminated ground water
chemistry in the unconfined aquifer were collected by the DOE from 11 monitor wells
between 1990 and 1993. This time period allowed for incorporation of at least 3 years of
data from each well, while using the most recent information available for the aquifer.
Figure 2.2 shows the locations of these monitor wells. Table 3.1 provides well completion
data for these wells. Filtered ground water samples were analyzed for inorganic
constituents. One round of unfiltered water samples was collected from well 131 in 1992
and analyzed for inorganic constituents. Comparing those data to filtered data indicates
some constituents were present at levels greater than the highest levels reported for
filtered water samples within the contamination zone. These constituents are aluminum
(28 milligrams per liter [mg/L]}, iron (41 mg/L), chromium (0.029 mg/L), copper

(0.137 mg/L), and lead (0.086 mg/L). There are not enough unfiltered samples to verify
these data. However, this well was newly completed at the time of sampling and
produced a large amount of bentonite drilling mud. Therefore, the unfiltered data may not
be representative of the true influence of very fine solid particles (colloids) on water
chemistry within the contaminant plume. Thus, there are not enough unfiltered samples to
assess the influence of colloids on ground water chemistry. Collection of additional
unfiltered samples will be addressed in future field plans.

The DOE sampled four monitor wells within the confined aquifer from 1990 through 1993
(Figure 2.2). Well information is summarized in Table 3.1, and water quality data are
summarized in Table 3.2.

Water quality in the confined aquifer varies in the region. Water with low total dissolved
solids (TDS) (less than 250 mg/L) occurs near the point of recharge {about 9 mi [14.5 km]
southeast of the site) and increases to as much as 20,000 mg/L TDS toward the Great
Salt Lake {Hely et al., 1971). In the site area, the TDS in the confined aquifer range from
100 to 500 mg/L, with areas of high TDS west and north of the site (Hely et al., 1971).

in 1990, a screening for organic contaminants was conducted. Monitor wells 008, 011,
and 106 were sampled and analyzed for all organic hazardous constituents listed in
Appendix 1X to 40 CFR Part 264 (1994) of the Resource Conservation and Recovery Act.
None of these hazardous organics were detected in the screening. However, kerosene and
DDPA, organic compounds used during ore processing, were not monitored. Additional
sampling and analyses are needed to completely rule out the possibility of contamination
by organic compounds.

One round of surface water and sediment samples was taken in December 1993. The
surface water data were used to make a preliminary evaluation of surface water
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION

AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH

EXTENT OF CONTAMINATION

Table 3.1 Monitor wells used to determine water quality in the unconfined and
confined aquifers
Screened interval
{depth below surface) Numbe.r of
Year sampling

Well Location (ft) (m) sampled rounds
Unconfined aquifer

006  Off-site upgradient 26-28 7.9-8.5 83,94 3
007  Off-site crossgradient 26-28 7.9-8.5 83-94 11
008 Off-site downgradient 26-28 7.9-8.5 86-93 9
011  Off-site downgradient 24-26 7.3-79 83-92 9

109 Off-site downgradient 16-18 4.9-5.4 83-92 9

130 On-site crossgradient 31.8-41.8 9.7-12.7 92-94 4

131 On-site downgradient 34.7-44.7 10.6-13.6 92-94 4

132 On-site crossgradient 36.3-46.3 12.4-14.1 92-94 4

133 On-site crossgradient 35.0-45.0 10.7-13.7 92-94 4

134 On-site crossgradient 32.2-42.2 9.8-12.9 92-94 4

135  On-site crossgradient 25.5-45.5 7.8-13.9 92-94 4
Confined aquifer

001  Off-site south 100-110 30.5-33.5 86-92 6
002  Off-site northeast 119-129 36.3-39.3 86-93 7
003  Off-site north 110-120 33.5-36.6 86-93 7
005  Off-site west 115.5-125.6 35.2-38.3 83-90 3
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION

AT THE URANIUM MILL TAILINGS SITE

SALT LAKE CITY, UTAH

EXTENT OF CONTAMINATION

Table 3.2 Water quality of the confined aquifer, Salt Lake City, Utah, site

Monitor well

Parameter 001 002 003 004
Alkalinity? 262 282 242 200
Aluminum <0.1 <0.1 <0.1 <0.1
Ammonium 4.3 6.7 4.6 10.7
Antimony <0.003 <0.003 <0.003 <0.003
Arsenic <0.01 <0.01 <0.01 <0.01
Barium 0.1 0.1 0.2 0.4
Beryllium <0.01 <0.01 <0.01 <0.01
Cadmium <0.001 <0.001 <0.001 <0.001
Calcium 63 40 bb 122
Chloride 18 8 19 207
Chromium <0.01 <0.01 <0.01 <0.01
Cobalt <0.05 <0.05 <0.05 <0.05
Copper <0.02 <0.02 <0.02 <0.02
Fluoride 0.2 0.3 0.2 0.2
Iron 0.08 0.568 0.17 0.74
Lead <0.01 <0.01 <0.01 <0.01
Magnesium 23 20 21 60
Manganese 0.07 0.11 0.06 0.58
Mercury <0.0002 <0.0002 <0.0002 <0.0002
Molybdenum <0.01 <0.01 <0.01 <0.01
Nickel <0.04 <0.04 <0.04 <0.04
Nitrate® <1.0 <1.0 <1.0 <1.0
pH 7.9 7.6 7.8 7.4
Potassium 7 11 b 17
Radium-226 (pCi/L) 0.1 0.1 0.0 0.4
Radium-228 (pCi/L) 1.4 0.5 0.0 1.5
Selenium <0.005 <0.005 <0.005 <0.005
Silver <0.01 <0.01 <0.01 <0.01
Sodium 20 35 20 36
Strontium 0.7 0.4 0.7 1.2
Sulfate 33 <0.1 29 230
Sulfide 0.3 <0.1 <0.1 <0.1
Thallium <0.01 <0.1 <0.01 <0.01
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION

AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH

EXTENT OF CONTAMINATION

Table 3.2 Water quality of the confined aquifer, Salt Lake City, Utah, site (Concluded)

Monitor well

Parameter 001 002 003 004
Thorium-230 (pCi/L) 0.0 0.0 0.0 0.0
Tin <0.005 <0.005 <0.005 <0.005
TDS NA 308 251 NA
Uranium 0.0003 0.0003 <0.0003 <0.0003
Vanadium 0.01 0.01 0.01 <0.01
Zinc <0.005 <0.005 <0.005 <0.005

3Alkalinity as mg/L CaCO3.
PNitrate expressed as NO3.

Notes:

1. Filtered samples collected August 8, 1990, at the site periphery.
2. Results of the most recent complete sampling round.
3. All data in milligrams per liter unless noted as picocuries per liter (pCi/L).

NA - not available.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH EXTENT OF CONTAMINATION

contamination. These data are for unfiltered surface water samples collected at the
locations shown in Figure 2.2.

3.1

BACKGROUND WATER QUALITY SUMMARY

Background water quality is defined as the water quality if uranium milling
activities had not occurred. There are two hydrologic systems at the site: a
deep, confined aquifer and a shallow unconfined aquifer. The unconfined
aquifer clearly has received contaminants from the former tailings piles and
ponds. In contrast, in the confined aquifer, which was sampled near the
property boundaries to the southeast, northeast, north, and west (Figure 2.2),
radioactive constituents or metals that could be associated with tailings have
not been found at levels above background determined for the unconfined
aquifer (Table 3.2).

None of the DOE monitor wells in the confined aquifer are designated as
background because the local ground water flow direction is not known in the
confined aquifer (Section 2.3). The TDS water quality data in the confined
aquifer at the site range from 251 to 1400 mg/L (Table 3.2). The more saline
water is found in monitor well 005, on the west side of the site. This well
water has the highest sulfate and chloride levels of the four confined aquifer
monitor wells. Historical data also show higher sulfate, chloride, and TDS levels
in the area west of the site within the confined aquifer. The concentrations of
uranium, molybdenum, and other metals are low in monitor well 005 and the
other confined aquifer wells, with a range about equal to the unconfined aquifer
background well (007). Thus, the lack of uranium and molybdenum above
background suggests that the higher salinity in the confined aquifer west of the
site is due to natural variability.

A former Vitro water production well, now owned by the city of South Salt Lake
and being considered for use as a municipal water supply, produces water from
the confined aquifer beneath the site. This flowing well is 710 ft (216 m) deep
and is in the southeast portion of the site (Figure 2.2). Table 3.3 summarizes
water quality data from samples taken February 1985 and July 1989. The data
were obtained from the Utah Division of Drinking Water. The city well samples
a much larger and deeper portion of the confined aquifer and may represent an
average of the natural variation in water quality of the confined aquifer. Thus,
the water chemistry falls within the range of DOE monitor wells sampled in the
confined aquifer. Uranium was not analyzed for; however, gross alpha
measurements indicate uranium concentrations are less than 2 picocuries per
liter (pCi/L) equivalent to less than 0.003 mg/L natural uranium. Thus, the
ability of the upward gradient to prevent downward contamination migration is
verified by the lack of site-related contamination in this well.

In the unconfined aquifer, DOE monitor well 007 is off the site and
crossgradient of the site. Monitor well 007 has been sampled repeatedly since
1990.
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AT THE URANIUM MILL TAILINGS SITE
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Table 3.3 Ground water quality data, city of South Salt Lake proposed municipal water
supply well, Salt Lake City, Utah, site

Concentration

August 1989 February 1985
Parameter {mg/L) {mg/L)

Aluminum NA NA
Ammonium <0.3 NA
Antimony NA NA
Arsenic <0.001% <0.001
Barium 0.03? 0.03
Beryllium NA NA
Boron 0.03 0.06
Cadmium <0.0012 <0.001
Calcium 51 66
Chloride 12 10
Chromium <0.001° 0.002
Cobalt NA NA
Copper <0.01% <0.01
Cyanide NA NA
Fluoride 0.32 0.36
Iron <0.032 0.152
Lead <0.001 <0.001
Magnesium 20 20
Manganese 70 80
Mercury <0.022 <0.02°
Molybdenum NA NA
Nickel <0.032 <0.01
Nitrate as NOg3 <0.09 <0.04
Potassium 2 2
Selenium <0.0012 <0.001
Silver <0.0012 <0.001
Sodium 22 23
Strontium NA NA
Sulfate 80 108
Sulfide NA NA
Thallium NA NA

Tin NA NA
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION

AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH

EXTENT OF CONTAMINATION

Table 3.3 Ground water quality data, city of South Salt Lake proposed municipal water
supply well, Salt Lake City, Utah, site (Concluded)

Concentration

August 1989 February 1985

Parameter {mg/L) {mg/L)
Uranium NA NA
Vanadium NA NA
Zinc <0.01% <0.001
Radionuclide {pCi/L) {pCi/L)
Lead-210 NA NA
Polonium-230 NA NA
Radium-226 NA NA
Thorium-230 NA NA
Gross alpha <2 <2
Gross beta <3 <3

8Unfiltered water quality data.

NA - not available.

All other data are for filtered samples.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH EXTENT OF CONTAMINATION

Regionally, the TDS values in the unconfined aquifer average about 1250 mg/L.
In the site vicinity, shallow ground water TDS values range from 1000 to

2000 mg/L (Seiler and Waddell, 1983). TDS values in ground water from
monitor well 007 range from 500 to 600 mg/L, which is actually less saline
than normal for the shailow aquifer.

The relatively low salinity of ground water in well 007 may be caused by areal
variations in salinity or by vertical salinity gradient in the shallow unconfined
aquifer. In the areas near monitor well 007, ground water salinity increases
dramatically in the upper 20 ft (6 m) of the aquifer. In the well cluster
associated with monitor well 007 (wells 002, 007, 107, and 157, all sampled in
1983} salinities vary from 290 mg/L within the confined aquifer at 120 ft

(37 m) below land surface to 4600 mg/L near the top of the unconfined aquifer
at 8 ft (2.4 m) below land surface.

The unconfined aquifer probably is recharged both by vertical leakage of ground
water from the confined aquifers and by surface recharge from rainfall and
irrigation. The increased salinity near the top of the unconfined aquifer probably
represents dissolved solids concentrated by evapotranspiration. Therefore, the
relatively low salinity of well 007 {compared to regional ground water) may be
because it is completed in the deeper, lower-salinity portion of the unconfined
aquifer.

Ground water in monitor well 007 is a sodium-bicarbonate-type water; it is in
equilibrium with calcium carbonate, magnesium carbonate, and barium sulfate
{barite). The pH is slightly basic (near 8) and the Eh is slightly oxidizing

(100 millivolts).

Table 3.4 provides a statistical summary of water quality data for monitor well
007 (background).

Most constituents commonly associated with ground water contamination from
uranium mill tailings are below detection in well 007. However, two
constituents commonly associated with uranium mill tailings, arsenic and
ammonium, are present at levels above detection in the background ground
water in this well. Arsenic is known to occur naturally in the shallow aquifer
throughout the region. Regionally, arsenic averages about 0.05 mg/L. Several
possible sources are the past use of arsenic-bearing insecticides and herbicides,
flue dust from copper smelters, and Quaternary sediments derived from arsenic-
bearing sulfide deposits in the mountains east and southwest of the site. In
well 007, arsenic averaged about 0.05 mg/l. and ammonium averaged 7.7 mg/L
since 1990. The combination of arsenic and ammonium suggests that the
source of these two contaminants may have been agricultural, related to the
past use of pesticides, herbicides, and fertilizers.
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AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH

EXTENT OF CONTAMINATION

Table 3.4 Summary of filtered ground water quality data in the unconfined aquifer at
Salt Lake City, Utah, 1990-1994

Concentration®

Detection
Parameter® frequency® Minimum Median? Maximum

Inorganic constituent
Aluminum

Background 1/6 <0.05 e 0.10

Plume 1/24 <0.05 e 0.40
Ammonium|

Background 5/5 6.1 7.7 11.8

Plume (well 008) 5/5 10.9 12.6 -20.9
Antimony

Background 1/6 <0.003 e 0.025

Plume 11/24 <0.003 e 0.027
Arsenic

Background 717 0.027 0.050 0.061

Plume 14/27 <0.025 0.006 0.133
Barium'

Background 6/6 0.10 0.11 0.12

Plume (well 134) 3/3 0.44 0.47 0.61
Beryllium

Background 0/5 <0.001 e <0.01

Plume 0/20 <0.001 e <0.01
Cadmium

Background 0/7 <0.001 e <0.001

Plume 1/27 <0.001 e 0.001
Calcium’

Background 717 11 12 13

Plume (well 008) 6/6 29 217 426
Chloridef

Background 717 56 62 74

Plume (well 135) 4/4 2540 2680 2830
Chromium

Background 0/5 <0.003 e <0.05

Plume 0/20 <0.003 e <0.02
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AT THE URANIUM MILL TAILINGS SITE

SALT LAKE CITY, UTAH

EXTENT OF CONTAMINATION

Table 3.4 Summary of filtered ground water quality data in the unconfined aquifer at
Salt Lake City, Utah, 1990-1994 (Continued)

Concentration®

Detection
Parameter® frequency® Minimum Median® Maximum

Cobalt

Background 0/5 <0.003 e <0.05

Plume 0/20 <0.003 e <0.10
Copper

Background 1/5 0.003 e <0.02

Plume 2/20 <0.002 e 0.01
Cyanide

Background 0/4 <0.01 e <0.01

Plume 0/14 <0.01 e <0.01
Fluoride

Background 6/6 0.7 0.7 0.8

Plume {well 109) 5/5 2.0 2.4 2.7
Ironf

Background 717 0.04 0.12 0.256

Plume {well 109) 5/5 1.50 .24 6.48
Lead

Background 0/6 <0.001 e <0.010

Plume 2/23 <0.003 e 0.008
Magnesiumf

Background 717 32 33 35

Plume (well 135) 4/4 757 808 900
Manganesef

Background 717 0.03 0.04 0.04

Plume (well 109) 5/5 0.11 0.48 0.63
Mercury

Background 0/4 <0.0001 e <0.0002

Plume 1/20 <0.0001 e 0.0002
Molybdenumf

Background 177 <0.004 e 0.01

Plume (well 131) 2/3 <0.01 0.88 0.94
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AT THE URANIUM MILL TAILINGS SITE

SALT LAKE CITY, UTAH

EXTENT OF CONTAMINATION

Table 3.'4 Summary of filtered ground water quality data in the unconfined aquifer at
Salt Lake City, Utah, 1990-1994 (Continued)

Concentration®
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Detection
Parameter® frequency °© Minimum Median® Maximum

Nickel

Background 1/5 0.007 e <0.04

Plume 0/20 <0.006 e <0.08
Nitrate

Background 5/6 <1.0 1.7 5.5

Plume 10/23 <0.2 4.6
Potassium’

Background 717 26 29 32

Plume (well 135) 4/4 176 214 228
Selenium

Background 0/7 <0.001 e <0.005

Plume 3/27 <0.001 e 0.030
Silverf

Background 0/5 <0.002 e <0.010

Plume 6/20 <0.010 e 0.041
Sodium'

Background 717 129 135 150

Plume (well 135} 4/4 2490 2875 3160
Strontium’

Background 6/6 0.20 0.20 0.55

Plume (well 135) 3/3 4.16 4.24 4.39
Sulfatef

Background 217 <0.1 e 3.6

Plume (well 135) 4/4 4970 5310 5560
Sulfide

Background 3/5 <0.1 0.7 2.3

Plume 4/20 <0.1 e 2.1
Thallium

Background 0/5 <0.005 e <0.067

Plume 0/20 <0.005 e <0.340
Tin

Background 1/5 <0.005 e 0.006

Plume 0/20 <0.005 e <0.100
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Table 3.4 Summary of filtered ground water quality data in the unconfined aquifer at
Salt Lake City, Utah, 1990-1994 (Concluded)

Concentration®

Detection
Parameter® frequency® Minimum Median® Maximum

Uraniumf

Background 1/7 <0.0001 e 0.009

Plume (well 109) 5/5 0.160 0.233 0.266
Vanadiumf

Background 0/6 <0.005 e <0.010

Plume (well 135) 2/3 <0.010 0.021 0.071
Zinc

Background 3/6 <0.005 e 0.018

Plume 11/24 <0.005 e 0.187
Radionuclide
Radium-226'

Background 5/5 0.0 0.1 0.5

Plume 20/20 0.1 0.4 1.3
Thorium-230

Background 5/5 0.0 0.2 0.8

Plume 20/20 0.0 0.3 0.8

3norganic constituent concentrations are reported in milligrams per liter. Radionuclide
concentrations are reported in picocuries per liter.

bBackground well is 007. Plume concentrations are from DOE wells 008, 011, 108,
131, 134, and 135, unless otherwise noted.

°Number of samples with detectable concentration/total number of samples.

d50th percentile of the data. Computation of the median requires that more than 50
percent of the data are above detection.

®Median cannot be determined.

fConstituents are elevated in plume wells compared to background at the 0.05 level of
significance. For these constituents, concentrations observed in highest plume wells
are presented.
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3.2 MAGNITUDE OF SITE-RELATED CONTAMINATION

The original tailings solutions within tailings piles and evaporation ponds were
acid solutions (pH less than 4) composed predominantly of aluminum sulfate and
sodium chloride {Markos and Bush, 1982). Previous geochemical studies
demonstrated that as the solutions migrated into the unconfined aquifer, they
were immediately neutralized at the tailings-soil interface by the reaction of
calcite and dolomite with the acid solution. This produced a thin zone of
precipitates at the interface. This 4-inch {10-centimeter [cm]) zone includes
gypsum, iron oxides, and basic iron and aluminum sulfates (Markos and Bush,
1982).

As a result of neutralization, precipitation, and pH-dependent sorption,
contaminated ground water within the unconfined aquifer contains relatively low
concentrations of heavy metals and metalloids. It is recognized primarily by
high concentrations of TDS and major ions including sulfate, chloride, calcium,
magnesium, and sodium. Locally, the alkalinity is very high (about 1100 mg/L
as calcium carbonate in well 135), reflecting the neutralization of the acid
tailings solutions by carbonates. Compared to background waters, several trace
elements are found to be present at elevated concentrations, including
manganese, molybdenum, uranium, vanadium, strontium, and silver.

Ground water contamination varies both over time and area across the site. In
1983, the highest concentration of sulfate was found in the western portion of
the site (Figure 3.1). At present, the highest concentrations of sulfate

(Figure 3.2) and chloride occur in the central portion of the site, near monitor
well 135, the area that was once the site of evaporation ponds; to the west (in
monitor wells 011 and 109) sulfate and chloride concentrations have decreased
over time. However, in monitor wells 011 and 109, uranium and molybdenum
concentrations have remained constant or have increased during the same
period, indicating a lower-salinity contamination is replacing a higher-salinity
contamination along the western portion of the site. This change could be
related to the physical disturbance of the site during surface remediation.

Comparing sulfate and chloride concentrations {1983 data) from well clusters in
the contaminated area to the sulfate and chloride concentrations in the
background well cluster demonstrates that contamination extends to at least
30 ft (9 m) below land surface within the unconfined aquifer. The vertical
extent of contamination can be demonstrated by salinity that does not decrease
with increasing depth. Data from two onsite wells screened between 54 and
68 ft (16.5 to 20.1 m) below land surface did not indicate contamination in
1983. Therefore, available data indicate that contamination probably is limited
to depths of less than 50 feet.

Chemical data from monitor wells on the south and east boundaries of the site
(wells 130, 132, and 133) indicate contamination has not affected these
crossgradient site boundaries. However, in the southeast corner of the site,
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monitor well 131 shows an increase in sulfate, sodium, chloride, uranium and
molybdenum. This well is near the old mill site, adjacent to the underpass of
State Route 171 beneath the Denver & Rio Grande Western Railroad. As
discussed in Section 2.3.1, the underpass excavation created a gradient reversal
in the area (DOE, 1984b) and it appears that contaminated water is moving to
the southeast, toward the underpass.

The extent of the contamination is unknown downgradient of the site, to the
west and north. Contaminants have migrated beyond the existing monitor wells
in these areas (wells 109, 011, 008, and 134). Extrapolating the existing
chemical gradients could estimate the downgradient extent of the plume.
However, there are too few existing wells for such an extrapolation to be
meaningful.

After determining the extent of contamination using a limited set of constituents
indicative of contamination (chloride, sulfate, uranium, and molybdenum), water
quality data collected between 1990 and 1993 were used to statistically
identify the full suite of constituents elevated above background in
contaminated portions of the unconfined aquifer. Qualitative evaluation of
water quality data from each plume monitor well showed similar constituent
concentrations. Therefore, in the statistical evaluation, the 1990-1993 data
from background well 007 were compared to the pooled 1990-1994 data from
contaminated ground water from wells 008, 011, 109, 131, 134, and 135. For
each constituent, a Mann-Whitney test was conducted at the 0.05 level of
significance. A significant Mann-Whitney test result indicates the
concentrations in the pooled data from all plume wells are, on average, higher
than those in background.

Vanadium was screened out because most (70 percent or more) of the analyses
were below detection and because all detected values were either within the
range of laboratory error (that is, at the detection limit for the analysis) or
associated with a systematic laboratory error in one round of sampling.
Vanadium was detected in ground water in 14 instances; 10 of these detections
occurred during a single sampling round and were near the limit of detection.
Most of those 10 detections were not replicated by previous sampling rounds,
and none were replicated by a subsequent sampling round. The remaining four
vanadium detections during other sampling rounds were at the limit of detection
for the analysis {0.01 mg/L). Thus, these data probably reflect a systematic
error in the laboratory analyses and do not represent toxicity concerns. In the
future, ground water should be monitored for vanadium to verify it remains
below background.

Table 3.4 summarizes the water quality data in the unconfined aquifer between
1990 and 1994. The following constituents were elevated statistically above
background: ammonium, barium, calcium, chloride, fluoride, iron, magnesium,
manganese, molybdenum, potassium, radium 226, silver, sodium, strontium,
sulfate, and uranium. For these constituents, the concentrations observed in
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the most contaminated ground water wells are presented. However, these
results are for filtered samples, and all the constituents may be reduced as a
result of the filtration.

3.3 CONTAMINANTS OF POTENTIAL CONCERN

The data presented in Sections 3.1 and 3.2 were used to compile a list of
contaminants of potential concern for the assessment of risks to human health
and the environment at the Salt Lake City site. A constituent was placed on the
list of contaminants of potential concern (Table 3.5) if the constituent was, on
average, elevated above background levels at the 0.05 level of significance, and
if the site is a likely source for the contaminant.

Several chemical species that were elevated above background levels were
screened out because they are essential nutrients and the levels at which they
are measured are within nutritional ranges. These chemicals include calcium,
iron, and potassium.

The final screening of the remaining contaminants was based on their low
toxicity and/or relatively high dietary intake by comparison to the values
measured, even when added to expected dietary intake. Although silver levels
in the plume (maximum observed concentration of 0.041 mg/L) are above
background, silver has been eliminated from the list of contaminants of potential
concern because it would not be expected to result in adverse health effects in
potentially exposed humans. Silver levels in contaminated ground water are
well below the EPA health advisory levels of 0.2 mg/L for a 10-kilogram [kg]
child following 10-day exposure duration and the level of 0.1 mg/L for a 70-kg
adult following lifetime exposure (EPA, 1993). Contaminants of potential
concern to human health are chioride, fluoride, magnesium, molybdenum,
sodium, sulfate, uranium, and radium-226 (Table 3.5).

Uranium and radium-226 are the only radionuclides statistically above
background levels in the unconfined aquifer (level of significance <0.05).
Because radionuclide toxicity, manifested as carcinogenicity, is a function of the
total exposure dose from ionizing radiation, all of the longer-lived progeny of the
uranium decay series are evaluated in Section 6.0.

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.

3.4 CONTAMINANT FATE AND TRANSPORT

Contaminant mobility, uptake, and toxicity depend on the species of ions that
exist in the aqueous environment. The type of ion species and complexes
depend on the availability of various anions and cations for the formation of
complex ions, and on pH and Eh conditions. Species of the contaminants of
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE

SALT LAKE CITY, UTAH

EXTENT OF CONTAMINATION

Table 3.5 Contaminants of potential concern

Contaminant of low
toxicity compared to

Contaminant

Contaminant levels  Contaminant levels values measured and/or of potential
exceed background in nutritional range high dietary range concern?
Ammonium Calcium Ammonium Chloride
Barium iron Barium Fluoride
Calcium Potassium Silver? Magnesium
Chloride Strontium Manganese
Fluoride Molybdenum
iron Sodium
Magnesium Sulfate
Manganese Uranium
Molybdenum Radium-226
Potassium

Silver

Sodium

Strontium

Sulfate

Uranium

Radium-226

2 The screening process began with the first column. Constituents in the second and third columns
were subtracted from the list of constituents in the first column. The remaining constituents form
the list shown in the last column.

b Although silver levels in the plume (maximum observed concentration of 0.041 mg/L) are above
background, silver has been eliminated from the list of contaminants of potential concern because
it would not be expected to result in adverse health effects in potentially exposed humans. Silver
levels in contaminated ground water are well below the EPA health advisory levels of 0.2 mg/L
for a 10-kilogram child following 10-day exposure duration and the level of 0.1 mg/L for a 70-kg
adult following lifetime exposure (EPA, 1993).

DOE/AL/62350-134
REV. 0, VER. 4

SEPTEMBER 27, 1994
SLCOO4FA.WCI



BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH EXTENT OF CONTAMINATION

concern have been computed using the geochemical speciation code PHREEQE
(Parkhurst et al., 1980). Table 3.6 summarizes the predominant species and
their molar percentages. Modeling indicates the distribution of species and the
valence state of metals do not significantly change over the range of oxidation-
reduction potentials reported from ground water at the site (100 to -100
millivolts).

Magnesium

Modeling indicates magnesium concentrations are controlled by equilibrium with
magnesite (magnesium carbonate) in both contaminated and background
waters, as a function of alkalinity and the partial pressures of carbon dioxide. In
soils, soil bacteria usually hold carbon dioxide partial pressures at near-constant
values. In 1983, partial pressures of carbon dioxide were high (at or greater
than 1 atmospheric pressure) in response to neutralization of the tailings
solutions by carbonates. With time, the partial pressure of carbon dioxide in
contaminated ground water has decreased to near background levels (0.016
atmospheres). The decrease was probably accompanied by the precipitation of
magnesite, which resulted in decreased alkalinity and decreased magnesium
concentrations. Because most carbon dioxide degassing has already occurred,
further decreases in magnesium and alkalinity will be due to dilution.

Chloride

Chloride concentrations are about 45 times those of background. Chloride
forms insoluble salts at high salinities (above 180,000 mg/L chioride
concentrations). Therefore, observed concentrations are too low to be
significantly affected by precipitation. In contrast, chloride concentrations are
too great to be significantly affected by adsorption. Therefore, decreases in
chloride concentrations within the contaminated ground water will be due to
dilution.

Fluoride

Fluoride concentrations in contaminated ground water are about 3 times those
of background. Fluoride forms fluorite (calcium fluoride), a relatively insoluble
mineral. However, both contaminated and background water are below fluorite
saturation by a factor of 10. Thus, fluoride will decrease from slightly higher
than background (2.4 mg/L) to background levels (0.8 mg/L) in response to
dilution.

Manganese

Manganese concentrations are up to about 16 times that of background. Like
iron, manganese is most soluble under acidic or reducing conditions although
manganese can persist at greater concentrations than iron in oxidizing, near-
neutral pH ground water. None of the ground water at the site is saturated with
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE

SALT LAKE CITY, UTAH

EXTENT OF CONTAMINATION

Table 3.6 Predominant ionic species of the constituents of concern

Dominant Molar
Constituent Common name species Valence percent
Ammonium Not determined
Barium Barium Ba?* Ba(ll) 100
Calcium Calcium Ca2* Calll) 63
Calcium sulfate CaS0y 44 Ca(ll) 33
Chloride Chloride cr Ci{-1) 100
Fluoride Fluoride FIr Fi(-1) 69
Magnesium fluoride MgF* Fl(-1) 30
Iron Ferrous ion Fe2+ Felll) 72
Ferrous sulfate FeSO, aq Fel(ll) 27
Magnesium Magnesium Mg2* Mg(ll) 63
Magnesium sulfate MgSO, aq Mg(ll) 32
Magnesium MgHCO4 Mglll) 5
bicarbonate
Manganese Manganese Mn2+ Mn(i1) 63
Manganese sulfate MnSO, ,q Mn(ll) 26
Molybdenum Molybdate MoO42' Mo(VI) 100
Potassium Potassium K* K(1) 95
Potassium sulfate K280y 4q K(I) 4
Silver Silver dichloride AgCly’ Agll) 79
Silver chloride AgCl, Agll) 9
Silver trichloride AgClz* Agll) 9
Sodium Sodium Na* Na(l) 95
Sodium sulfate NaSO," Nal(l) 4
Strontium Strontium Sr2+ Sr(ll) 100
Sulfate Sulfate S0,% S(VI) 66
Magnesium sulfate MgSOy 44 S(Vl) 22
Sodium sulfate NaSO, S{Vi) 9
Uranium Uranyl tricarbonate U0,(CO,5)5* uvI) 97
Radium-226 Not determined
DOE/AL/62350-134 SEPTEMBER 27, 1994
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AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH EXTENT OF CONTAMINATION

manganese oxides or manganese carbonate (rhodochrosite). Therefore, the
major decrease in concentration will be due to dilution, perhaps accompanied by
coprecipitation with iron oxides and sorption.

Molybdenum

Molybdenum concentrations range up to about 94 times that of background.
Molybdenum occurs in the contaminated ground water as molybdate (M0042'),
a negatively charged ion. As with most negatively charged ions, molybdenum
sorption is most effective under acidic conditions (pH in the 3 to 4 range). Thus
sorption of molybdenum in the contaminated ground water will be less
important than dilution as a mechanism for decreasing concentrations.

Sodium

Sodium concentrations in contaminated ground water are up to about 20 times
those of background. Sodium forms very soluble bicarbonate, chloride and
sulfate salts; therefore, those salts will not precipitate. A likely mechanism for
its removal is cation exchange for magnesium and calcium within clay minerals,
but not enough information is available to evaluate this mechanism at the site.
Dilution will probably play the greatest role in decreasing its concentrations.

Sulfate

Sulfate concentrations vary across the site, from 249 to 5560 mg/L in
contaminated water (Figure 3.2). Most of the contaminated water is
undersaturated with respect to gypsum, the phase most likely to control the
sulfate concentration in this ground water. Therefore, the observed real
decreases in sulfate, which are matched by decreases in chloride, are due to
dilution of the tailings solutions by natural waters. This dilution may have
occurred in the well bore or during the initial migration of the tailings solutions
into the aquifer, either by mixing with diluted surface water before infiltration
(as would be the case along the former Vitro ditch) or by mixing with dilute
ground water during infiltration. Further decreases in sulfate will occur by
dilution and dispersion as the contaminated ground water migrates.

Uranium

Uranium concentrations in contaminated ground water are about 30 times as
great as those in background. Uranium occurs in the hexavalent (+ 6) state in
the site ground water as a uranyl carbonate complex (U02(CO3)34'). Because
this complex is mobile in neutral-to-alkaline ground water, dilution will be the
primary control on uranium concentrations.
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3.5

Radium-226

Radium-226 concentrations in the contaminated ground water range from 0.1 to
1.3 pCi/L, with the maximum value about 3 times the maximum observed
background value of 0.5 pCi/L. In ground water, radium coprecipitates with
sulfates, such as gypsum. However, because most water at the site is now
below gypsum saturation, further gypsum precipitation will not occur.
Therefore, dilution will have the greatest effect on decreasing radium
concentrations in the contaminated ground water.

SURFACE WATER MONITORING

At present, the site is drained by South Vitro ditch, a drainage ditch that
receives off-site surface water from a storm sewer on the north boundary of the
site, a culvert and storm sewer on the Denver & Rio Grande Western Railroad
property that drains from a marshy area immediately east of the site, and
possibly some discharge of ground water into the ditch. The South Vitro ditch
enters a culvert near the center of the site and ultimately discharges into Mill
Creek near the northwest corner of the site. This point of discharge is
immediately downstream of the CVWRF point of discharge for treated effluent.
Mill Creek, in turn, discharges into the Jordan River about 1500 ft (460 m) east
of the site (Figure 2.2). Seven unfiltered surface water samples from Mill Creek
and the Jordan River, collected in December 1993, were analyzed for site-
related contamination {Table 3.7).

A sample from Mill Creek taken downstream of its confluence with South Vitro
ditch (sampling location 182) indicates water quality in Mill Creek changes
below the confluence; however, some of those changes, such as an increase in
sodium and chloride and a decrease in calcium, sulfate, and strontium, probably
are attributable to the treated effluent discharged by the CVWRF, which
contributes large quantities of water to Mill Creek.

Comparing surface water quality in Mill Creek to that in the Jordan River
upstream of potential site discharge {samples 185, 188, and 184) (Table 3.7)
indicates the Jordan River has equal or greater concentrations of nearly all
measured constituents. Below the confluence of the Jordan River and Mill
Creek, the water quality of the Jordan River at the sampling location is nearly
identical to that of Mill Creek. This probably means that the sample was Mill
Creek water that had not yet mixed with the Jordan River water within the
Jordan River channel. However, water quality in Mill Creek upstream and
downstream of the site is better than that in the Jordan River, and water quality
in the Jordan River can be expected to show some improvement downstream of
its confluence with Mill Creek.

Because surface water quality data are not available for South Vitro ditch, the
impact of the processing site on the water quality in South Vitro ditch cannot be
demonstrated. However, comparing data from Mill Creek downstream of the
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AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH

EXTENT

OF CONTAMINATION

Table 3.7 Surface water quality data, Salt Lake City, Utah, site

Drainage location

Mill Creek Jordan River
Contaminant 180 181 182 185 188 184 183
Calcium 104 113 85 1356 139 141 86
Chloride 66 67 197 278 296 288 200
Magnesium 36 39 35 60 63 64 35
Molybdenum <0.01 <0.01 <0.01 0.01 0.01 0.01 <0.01
Selenium <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Silver <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Sodium 35 39 152 181 186 191 150
Strontium 1.01 1.08 0.78 1.25 1.29 1.28 0.79
Sulfate 173 173 141 339 349 340 147
Uranium 0.002 0.002 0.004 0.015 0.015 0.015 0.005
Notes:

1. Unfiltered water samples collected December 6, 1993.
2. All parameters reported in milligrams per liter.
3. Sampling locations 180, 181, 184, 185, and 188 are upstream of the site. Wells 182 and

183 are downstream.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION

AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH EXTENT OF CONTAMINATION

site to data from the Jordan River and Mill Creek upstream of the site indicates
that water quality in Mill Creek downstream of the site is within the normal
range of natural surface water in the area near the site. Therefore, surface
water in Mill Creek and the South Jordan River is probably not affected by site-
related contaminants.
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4.1

4.2

4.2.1

4.0 EXPOSURE ASSESSMENT
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. Ground water
contaminated by uranium processing at the Salt Lake City site is not currently
used by area residents. Ground water is not withdrawn from the unconfined
aquifer within a 2-mi (3-km) radius of the site. Area residents use water
supplied by a municipal water system, which obtains water from the deeper
confined aquifer. One municipal well completed in the deep, confined aquifer is
on the former Vitro site. This risk assessment finds no contamination in the
municipal well water (Section 3.0), although ground water samples were
collected before routine water withdrawal began. Because contaminants could
migrate into the deeper unit, monitoring will continue at the on-site municipal
well.

With no current human receptors of contaminated ground water, a future
ground water use scenario must be assumed in which domestic ground water
use is consistent with that of an urban population. The potentially exposed
population includes residents of the following age groups: infants (birth to 1
year old); children (1 to 10 years old), and adults (11 to 65 years old). These
age groups were selected for the following reasons:

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

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

EXPOSURE PATHWAYS

Ground water in the region is used primarily for household purposes such as
drinking, cooking, and bathing. Other uses typical of the region that indirectly
could lead to human exposure are irrigation and livestock watering. Figure 4.1
is a conceptual model for potential ground water exposure pathways that could
result from these uses.

Drinking water ingestion

Drinking water ingestion generally is the most significant exposure route for
ground water contaminated with metals and other nonvolatile compounds. In
this evaluation, drinking water consumption includes water ingested by drinking
and by consuming food prepared with water {e.g., reconstituted juices, soup,
rice, and beans). To compare the relative significance of the drinking water

DOE/AL/62350-134 SEPTEMBER 27, 1994

REV. O, VER, 4

SLCO04FA.WCI

4-1

s e e pyeme we e P TS Ly 2 T4 AL TREAE  m o ey - v geg o1 R S I I T TS L -



GONW1dIONOD/VHE/OTS/ILIS :OVIN

T3AOW TVNLdIONOD LIS ‘HY.LN ‘ALID INVT LIVS

It 3HNOIA
19EU0) [euleq asn
pue ) 181 PUNOID
uonsebuy onsawo(
i ‘gonpoud
 ToRSeBu " | sdoio
oxeldn
i eJnjsed” il
" Lionsebu;” [ meed
e g3LYM
“Tiopsasi [ tos aNNoYo
v jeslipfild |
(oisabu] - |t
] 00ISOAIT
TEET Tl Bupsiem
HO.1d303Y w_wwm_wwmw_ HOLd303Y INSINVYHOIW
NYINNH INY1d asvaay

/A4171am

4-2



BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH EXPOSURE ASSESSMENT

4.2.2

4.2.3

4.2.4

ingestion pathway, a screening level assessment of drinking water intake is
shown in Table 4.1. These calculations are based on conservative estimates of
the average contaminant concentrations within the plume (i.e., the 95-percent
upper confidence limit [UCL] for the average contaminant concentration, using
data from the most contaminated wells). Because drinking water ingestion is
the dominant pathway, it is evaluated probabilistically in Section 4.4.

Dermal absorption

Dermal absorption is the process by which chemicals coming into contact with
the skin become absorbed into the blood vessels near the surface of the skin.
Although some compounds are absorbed easily in this manner, metals are poorly
absorbed through intact skin.

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

Table 4.1 gives the results of the screening. Although the dermal dose is an
absorbed dose and only a percentage of the ingested dose will be absorbed, the
very low (0.2 percent) exposure contribution of dermal absorption is assumed to
be the less significant dose. These results eliminate the dermal absorption
exposure route from more detailed evaluation.

Ingestion of ground water-irrigated produce

This exposure route could not be evaluated for its relative significance to the
drinking water ingestion route. Although the contaminant intake from ground
water-irrigated produce ingestion probably is not greater than the exposure dose
from drinking water ingestion, the incremental contribution could be significant.
Current literature values could not be used to estimate this pathway
contribution. However, the UMTRA Ground Water Project is currently studying
plant uptake from irrigated vegetables and grasses. The results will be included
in the site environmental assessment or environmental impact statement (the
NEPA document) and ground water compliance strategies for this site.

Ingestion of meat or milk from livestock ingesting ground water

These pathways were eliminated from further consideration because the sulfate
concentrations are so high that livestock could not chronically drink the water.
_If the livestock cannot consume the water, contaminants cannot bioaccumulate
or transfer to meat tissue or milk. Further evaluation of the direct toxicity (of

contaminants of potential concern) to livestock is presented in Section 7.0.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
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Table 4.1 Exposure dose calculations for ground water ingestion and dermal contact in
a future hypothetical adult scenario, Salt Lake City, Utah, site

Ground water exposure doses

(mg/kg-day) Ratio of dermal

Contaminant of Cw contact to

concern {mg/L) Ingestion Dermal contact ingestion®
Noncarcinogenic effects
Chloride 2852 8E+01 2E-01 0.002
Fluoride 2.7 7E-02 1E-04 0.002
Magnesium 897 2E+01 BE-O2 0.002
Manganese 0.63 2E-02 3E-05 0.002
Molybdenum 1.1 3E-02 6E-05 0.002
Sodium 3210 9E+01 2E-01 0.002
Sulfate 5637 2E+02 3E-01 0.002
Uranium 0.26 7E-03 1E-05 0.002
Carcinogenic effects
Uranium 178P 8E +06° 1E+04° 0.002
Radium-226 1.39 5E +04° 9E+01° 0.002

@Ratio of the dermal absorption exposure dose to the ground water ingestion exposure
dose.

PUranium-234 and uranium-238 combined; 1 mg uranium is assumed to equal 686 pCi;
units are pCi/L.

€Units are pCil/lifetime.

dUnits are pCi/L.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH EXPOSURE ASSESSMENT

Table 4.1. Exposure dose calculations for ground water ingestion and dermal contact in
a future hypothetical adult scenario, Salt Lake City, Utah, site (Concluded)

Equation Definitions for Exposure Dose Calculations
Ingestion of ground water
Chemicals:

Cw x IRw x EF x ED
BW x AT

Chronic daily intake {mg/kg-day) =

Radionuclides:

Lifetime intake (pCi/lifetime) = Cw x IRw x EF x ED
Dermal contact with ground water

Chemicals:

{(Cw x SA x Pc x Cf) x ET x EF x ED
BW x AT

Chronic daily intake (mg/kg-day)

Radionuclides:

Cw x SAxPcxCfxET x EF x ED

Lifetime intake (pCi/lifetime)

Where:

Cw = Contaminant concentration in ground water (upper 95-percent confidence level of
the mean of data from contaminated wells).

IRw = Ingestion rate for water (liters per day) (2 liters per day for an adult; 0.64 liters per
day for an infant).

EF = Exposure frequency (350 days per year).

ED = Exposure duration (7 years for an adult and 1 year for an infant for
noncarcinogens; 50 years for carcinogens).

BW = Body weight (70 kilograms for an adult; 4 kilograms for an infant).

AT = Averaging time (365 days x ED for noncarcinogens).

SA = Skin surface area (3000 square inches [19,400 square centimeters]).

Pc = Dermal permeability constant (0.0004 inches per hour [0.001 cm per hour]).

Cf = Conversion factor (0.001 liter per cubic cm).

ET = Exposure time (0.2 hour per day).
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4.3

4.4

EXPOSURE CONCENTRATIONS

Exposure concentration of a contaminant in ground water is that concentration
contacted by an individual over the period of exposure being considered. In this
evaluation, the contaminant concentrations (and therefore exposures) are
assumed to be in a steady state, even though actual exposure concentrations
are expected to fluctuate but eventually decrease with time because the site has
been remediated. Nonetheless, they are reasonable estimates for chronic
exposure soon after surface remediation. Chronic exposure for noncarcinogens
is considered any period longer than 7 years.

Exposure concentrations are evaluated as a probability of occurrence based on
ground water data collected from monitor well 135. This well is closest to the
former tailings location and raffinate ponds and has consistently shown the
highest contamination levels through the past 3 years of monitoring. Three
exceptions to this rule occurred. Fluoride, manganese, and uranium levels were
higher in well 109 than in well 135; therefore, samples from well 109 were
analyzed for fluoride, manganese, and uranium toxicities. Molybdenum
concentrations were consistently higher in well 131 than in well 135; therefore,
molybdenum toxicity was analyzed based on levels observed in well 131. The
maximum observed concentration measured in ground water from combined
downgradient wells 008, 011, 109, 131, and 135 was used for radium-226 and
other longer-lived progeny of the uranium series. Carcinogenic effects
associated with exposure to radium-228, lead-210, polonium-210, and thorium-
230 are evaluated in Section 6.0.

The probability distribution selected for a contaminant had approximately the
same mean, median, standard deviation, and shape as were observed in the
actual water quality data. The upper tails of the distributions were truncated at
the 99th percentile. This truncation is conservative, since for every
contaminant, the highest concentration in the distribution was higher than the
maximum observed concentration in the data base. The software package
@RISK (Palisade Corporation, 1992) was used to generate the probability
curves for the contaminants of potential concern. The results are shown in
Figures 4.2 through 4.9.

ESTIMATION OF INTAKE

Individuals within this hypothetical population are expected to vary in their
water consumption habits, stable body weight, and length of time they reside in
the potential contamination zone. Consequently, health risks associated with
ground water consumption will also vary in this population. To adequately
describe the range of potential risks to a future population, naturally occurring
variabilities in daily water intake, body weight, and residency time were
incorporated in this assessment through probability distributions selected from
published public health and census documents for the United States. All
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH EXPOSURE ASSESSMENT

ldistributions were truncated at the upper and lower 0.01 percentile. Values
disallowed through this truncation have a probability of less than 1 in 10,000 of
occurring within this hypothetical population.

The potential toxicity of noncarcinogenic contaminants in drinking water
depends primarily on long-term (i.e., at least 7 years) average daily consumption
of the contaminant per kilogram of body weight (measured in milligrams per
kilogram per day [mg/kg-dayl). For these noncarcinogenic contaminants,
chronic daily intake is calculated as follows:

Concentration (ma/l) x ingestion rate (L/day) x EF (days) x ED (yrs)
Body weight (kg) x averaging time {365 days x ED [yrs])

Intake (mg/kg-day) =

Radionuclide carcinogenicity increases with total intake over time, compared to
the average daily intake for noncarcinogens. Also, the body weight factor is
relatively insignificant in determining risk from exposure. Intake of a radioactive
carcinogenic substance (measured in picocuries) is therefore quantified as total
exposure to radioactivity throughout the residency period of an individual:

Intake (pCi/lifetime) = Concentration x Ingestion rate x
{pCi/L) {L/day)

Exposure duration x Exposure frequency
{years) {days)

Average daily intake (L/day)

Lognormal probability distributions were used to describe variations in average
daily tap water intake among members of the hypothetical population
(Roseberry and Burmaster, 1992). These distributions were developed from
data collected during the 1977-1978 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 4.10).

Body weight (kg)

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 lognormal probability distributions for body
weight by age and by sex. Then the distributions for males and females were
combined, using census data on the national ratio of males and females within
each age group (Figure 4.11).
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH EXPOSURE ASSESSMENT

Exposure frequency (days)

Individuals generally are not present at their homes and drinking water from the
same source for 365 days per year. Therefore, intake calculations assume only
350 days of exposure per year, allowing 14 days per year of drinking water
intake from a different source. Because exposure is expressed and compared in
terms of average daily intake, 365 days per year is retained in the averaging-
time term in the denominator.

Exposure duration (years)

Distributions of exposure duration were developed using data collected in 1985
and 1987 by the U.S. Department of Commerce, the Bureau of the Census, and
the U.S. Department of Housing and Urban Development (Israeli and Nelson,
1992).

For noncarcinogens, the exposure duration in the numerator and denominator
and the averaging time of the drinking water intake equations (Table 4.1) cancel
out, assuming all exposures are chronic (i.e., at least 7 years). Thus, deviation
from the standard residence time assumptions does not affect the results. For
carcinogens, however, because risk is cumulative throughout a lifetime,
deviation from the hypothesized residency distribution could significantly affect
the risk estimate. Because residents living near the Salt Lake City former
uranium processing site frequently live in the same region for almost their entire
lives, a fixed lifetime, exposure time of 50 years was used to model lifetime
cancer risks.

Using exposure concentration distributions from Section 4.3 and the intake
parameter distributions from this section, total intake distributions were
determined for the three age groups (O to 1, 1 to 10 and 11 to 65 years old) by
simulation, using the @RISK software package and 10,000 iterations. The 1-to-
10-year-old age group consistently showed the highest intake-to-body weight
distributions and therefore is the most conservative age group to evaluate.
However, because infants are the most susceptible receptors to sulfate toxicity,
the intake distribution for this age group (i.e., age O- to 1-year) is used. These
results are shown for noncarcinogens in Figures 4.12 through 4.19. The total
intake estimates used to calculate carcinogenic risk is shown in Figure 4.20 for
uranium-234 and uranium-238.

4.5 EXPOSURE ASSESSMENT UNCERTAINTIES
Several potential sources of error may arise in all phases of an exposure
assessment. Some significant sources of uncertainty are listed below.
® Uncertainties resulting from the lack of thorough environmental sampling
data. This uncertainty could lead to an underestimate or overestimate in the
exposure analysis.
DOE/AL/62350-134 SEPTEMBER 27, 1994
REV. O, VER. 4 SLCOO4FA.WCI
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH EXPOSURE ASSESSMENT

¢ Uncertainties associated with using filtered ground water samples. The
results of exposure assessment presented in this document are based on
filtered (0.45 um) ground water samples. Therefore, the potential loss of
certain ground water constituents as a consequence of filtration is
associated with an additional source of uncertainties. For example, if
concentrations of iron and lead measured in unfiltered ground water samples
from monitor well 131 represent true values, ingesting this water could
cause toxic effects. Because a high dose of uncertainty is associated with
these results, they could not be used in this risk evaluation. Therefore, iron
and lead should continue to be monitored in unfiltered ground water samples
to verify these data.

¢ Uncertainties arising from the assumption that the ground water
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 years).

e Uncertainties associated with the additivity of exposure from other
pathways. Although the drinking water pathway is considered the major
determinant of exposure in this risk assessment, the incremental contribution
from the ground water-irrigated produce-ingestion pathway (that could not
be estimated here) could be significant.

e Uncertainties associated with the relationship of an applied dose (used here)
and absorbed or effective toxic dose for dermal absorption. The assumption
that metals are absorbed across intact skin at the same rate as water
probably will overestimate the potential contribution of exposure from dermal
absorption.

* Uncertainties associated with the different sensitivities of subpopulations
such as diabetics and the elderly.

Despite these uncertainties, using probability distributions that incorporate all
definable variability sources provides a representative picture of the potential
range of exposures.

DOE/AL/62350-134 SEPTEMBER 27, 1994
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH TOXICITY ASSESSMENT

5.0 TOXICITY ASSESSMENT

Several contaminants that could adversely affect health and the environment have been
detected in ground water at the site.

The following source materials were used to develop toxicological profiles on these
chemical contaminants and the potentially carcinogenic radionuclides: Integrated Risk
Information System (IRIS) (EPA, 1994a); the Agency for Toxic Substances and Disease
Registry Toxicological Profiles published by the Department of Health and Human Services
(DHHS); the Handbook on the Toxicology of Metals (Friberg et al., 1986); and peer-
reviewed scientific literature when these review documents were not available. Basing
toxicity information on the standardized review documents cited above ensures
consistency in risk evaluation at all UMTRA sites.

The toxicity profiles presented here focus on drinking water data in humans, including
animal information only when human data are not available. Animal data are represented
on the toxicity range graphs by widely spaced, dotted lines. Uncertainty about the
beginning or ending point of an exposure range that produces specific toxic effects is
represented by closely spaced dots.

5.1 CONTAMINANT TOXICITY SUMMARIES

The following paragraphs address the basic toxicokinetics and toxicity of the 12
contaminants of potential concern at the Salt Lake City uranium processing site.
The contaminants of potential concern are chioride, fluoride, magnesium,
manganese, molybdenum, sodium, sulfate, uranium and its decay products
(radium-226, lead-210, polonium-210, and thorium-230). Although the toxic
effects of these contaminants vary with exposure levels, toxic effects observed
in the exposure range most relevant to contamination at this site are discussed
in this report.

5.1.1 Chloride

Absorption, tissue accumulation and clearance

Chloride is rapidly and fully absorbed from the gastrointestinal tract. The
chloride concentration in the human body is approximately 2000 mg/kg of
fat-free body mass in newborns and 1920 mg/kg in adults {National Research
Council, 1980). Chloride occurs in plasma at concentrations of 96 to 106
milliequivalents per liter (mEqg/L) (3400 to 3800 mg/L) and in a more
concentrated form in cerebrospinal fluid and gastrointestinal secretions {National
Research Council, 1988). Its concentration in most cells is low. The daily
chloride turnover in adults (intake/output) ranges from between 3000 and

8900 mg. Chloride is excreted mainly through urine, with appreciable amounts
also excreted in feces, sweat, and tears.

DOE/AL/62350-134 SEPTEMBER 27, 1994
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH TOXICITY ASSESSMENT

Environmental sources of chloride

Dietary chloride comes almost entirely from sodium chloride {National Research
Council, 1989). Much smaller amounts are supplied from potassium chloride.
Thus, dietary sources of chloride essentially are the same as those for sodium
and processed foods are the major source of chloride. Rich sources of chloride
are salt, cereals, breads, dried skim milk, teas, eggs, margarine, salted butter,
bacon, ham, corned beef, canned meats, fish and vegetables, salted snack
foods, and olives. Dietary chloride intake varies largely with salt intake.
Estimates range from 2400 to 14,400 mg chloride/day from sodium chloride
{equivalent to 34 to 206 mg/kg-day for a 70-kg man).

Human breast milk contains 11 mEq of chioride per liter {391 mg/L); a similar
level has been suggested by the American Academy of Pediatrics for infant
formulas (National Research Council, 1989).

Chloride is found in all natural water. Surface water contains only a few
milligrams of chloride per liter, whereas streams in arid or semiarid regions
contain several hundred milligrams per liter, especially in drained areas where
chlorides occur in natural deposits or are concentrated from soils through
evaporation. Contamination with sewage increases the chloride content of river
water. Ground water usually contains larger quantities of chloride than surface
water. Some public supply wells may contain 100 mg/L of chloride (about

3 mg/kg-day, assuming 2 liters of water are consumed per 70-kg body weight)
(National Research Council, 1980).

A typical chloride concentration in drinking water of about 21 mg/L would
contribute 0.6 mg/kg-day (assuming 2 liters per day consumption rate and

70 kg body weight), or about 2 percent of the lower estimates of total chloride
intake.

The recommended drinking water level for chloride is 250 mg/L (equivalent to
7 mg/kg-day, for a 70-kg man consuming 2 liters of water per day) (National
Research Council, 1980). This amount of chloride in drinking water can cause
an objectionably salty taste in water. The taste threshold for the chloride anion
in water varies from 210 to 310 mg/L.

Toxicity of chloride

Chloride is the most important inorganic anion in the extracellular fluid
compartment. It is essential in maintaining fluid and electrolyte balance and is
necessary component of gastric juice.

Chloride loss from the body generally parallels sodium loss. Thus, conditions
associated with sodium depletion (e.g., heavy, persistent sweating, chronic
diarrhea or vomiting, trauma, renal disease) will also cause chloride loss,
resulting in hypochloremic metabolic alkalosis.

DOE/AL/62350-134 SEPTEMBER 27, 1994
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
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5.1.2

Although the basic need for chloride is generally recognized, a recommended
daily allowance (RDA) has not been determined. The estimated minimum
requirement for healthy persons ranges from 180 milligrams per day [mg/day]
for infants to 750 mg/day for adults (National Research Council, 1989).

The toxicity of salts containing the chloride ion depends primarily on the
characteristic of the cation (National Research Council, 1980; 1989).

Large amounts of chloride intake may cause an increased chloride plasma
concentration and a decreased bicarbonate plasma concentration, with an
acidifying effect. This reaction results in hyperkalemic metabolic acidosis
(National Research Council, 1980). When metabolic acidosis develops,
potassium leaves the cells and is excreted by the kidney (Brater, 1992).

The only known dietary hyperchloremia results from water-deficiency
dehydration. Sustained ingestion of high levels of chloride (as salt) is associated
with hypertension in sensitive individuals and in animal models. Although the
level of chloride attributable to hypertension has not been determined, it may be
estimated based on the level of sodium intake (from sodium chloride) causing
hypertension in approximately 15 percent of adults (Freis, 1976). This indirectly
estimated amount of chloride presumably associated with hypertension in
sensitive individuals would be in the range of 36 to 180 mg/kg-day.

Figure 5.1 shows the toxicity of chloride as a function of dose.

Fluoride

Absorption

Fluorides in water are absorbed primarily from the gastrointestinal tract, with
the degree of fluoride absorption depending on the solubility of a particular
fluoride compound.

Fluoride is absorbed differently from food and drinking water. The absorption of
fluoride from water is estimated to be 100 percent, while protein-binding in food
sources reduces dietary fluoride absorption. Fluoride absorption from milk or
baby formula is determined to be only 72 and 65 percent, respectively, of that
from water (National Research Council, 1988). Poorer absorption, from 37 to
54 percent, has been reported for the fluorine in bone meal.

Tissue accumulation and clearance

Fluoride has been detected in all organs and tissues. Following gastrointestinal
absorption, fluoride is distributed primarily to bones and is deposited in the
skeleton and tooth enamel with lesser deposition in the thyroid, aorta, and
kidney (Gilman et al., 1990; National Research Council, 1989). The degree of
skeletal storage is related to intake and age. Storage in bone is thought to be a
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH TOXICITY ASSESSMENT

function of the turnover rate of skeletal components, with growing bone
showing a greater fluoride deposition than mature organisms. Prolonged periods
of time are required for mobilization of fluoride from bone. The half-time for
turnover in the young adult skeleton is about 8 to 10 years (Maheshwari et al.,
1981).

The major route of fluoride excretion is the kidney. However, fluoride is also
excreted in small amounts through the sweat glands, breast milk, and the
gastrointestinal tract. Under conditions of excessive sweating, the fraction of
total fluoride excretion contributed by sweating can reach nearly one half
(Gilman et al., 1990). About 70 percent of the ingested fluoride is excreted in
urine, and about 5 percent of that retained and absorbed is excreted in the feces
(Maheshwari et al., 1981). About 90 percent of the fluoride filtered by the
glomerulus is reabsorbed by the renal tubules (Gilman et al., 1990).

Environmental sources of fluoride

Drinking water and food are the primary sources of fluoride intake by humans.
Drinking water, whether fluoridated or not, can contribute significantly to the
total daily fluoride intake. In fluoridated areas, the contribution ranges from
about 26 to 54 percent of the total intake (National Research Council, 1980). In
unfluoridated areas, it ranges from about 14 to 48 percent.

Most public water supplies contain fluoride, and the majority of them contains
less than 1 mg/L (0.04 mg/kg-day for a 25-kg child ingesting 1 L of water per
day or 0.03 mg/kg-day for a 70-kg adult ingesting 2 L of water per day)
(National Research Council, 1980). Fluoride concentrations in river water may
be up to 6.5 mg/L. The concentrations in lakes may be up to 1627 mg/L. The
average fluoride concentration of sea water is 1.2 mg/L.

The richest dietary sources of fluoride are tea and marine fish consumed with
their bones {National Research Council, 1989). In the United Kingdom, tea
accounted for 72 percent (1.3 mg) of the total adult daily intake of 1.8 mg
(National Research Council, 1989). The fluoride content of cow’s milk is
approximately 0.02 mg/L. Mean reported values for human milk range from
0.005 to 0.025 mg/L, depending on maternal intake (mothers were drinking
water containing 0.2 and 1.7 mg/L, respectively). Dietary fluoride intake up to
3.44 mg/day (0.05 mg/kg-day for a 70-kg adult) has been reported in some
areas of the United States (National Research Council, 1980). An average
fluoride dietary intake of 0.01 mg/kg-day has been reported for both a 20-kg
child and a 70-kg aduit (EPA, 1994a).

Food processing substantially influences the fluoride content of foods. The
fluoride content of many foods can increase severalfold by cooking in
fluoridated water. Cooking in utensils treated with Teflon®, a fluoride-containing
polymer, can increase the fluoride content, whereas an aluminum surface can
reduce it (National Research Council, 1989).
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The estimated safe and adequate daily dietary intake (ESADDI) of fluoride for
adults is 1.5 to 4.0 mg/day (equivalent to 0.02 to 0.06 mg/kg-day for a 70-kg
man) {National Research Council, 1989). This range accounts for widely
varying fluoride concentrations consumed in the United States and includes both
food sources and drinking water. For younger age groups, the estimated
maximum level of this intake is 2.5 mg/day (equivalent to 0.1 mg/kg-day for a
25-kg child). Ranges of 0.1 to 1 mg/day during the first year of life (equivalent
to 0.03 to 0.3 mg/kg-day for a 4-kg infant), and 0.5 to 1.5 mg/day during the
subsequent 2 years, are suggested as adequate and safe (National Research
Council, 1989).

In view of fluoride’s beneficial effects on dental health and its suggested safety
at the ESADDI levels, the Food and Nutrition Board recommends fluoridation of
public water supplies if natural fluoride levels are substantially below 0.7 mg/L

(National Research Council, 1989).

Toxicity of fluoride

Although at low doses fluoride can have beneficial effects on teeth and bone, at
higher doses fluoride can be toxic. Children are particularly sensitive to dental
fluorosis, the critical toxic effect of fluoride (EPA, 1994a). Fluoridation of water
to a concentration of 1 mg/L (0.04 mg/kg-day for a 25-kg child assuming
ingestion of 1 L of water) is established as a safe and practical public health
measure that results in a substantial reduction in the incidence of caries in
permanent teeth (Gilman et al., 1990). Fluoride is also used to treat
osteoporosis in larger doses than those used to prevent dental caries
{Maheshwari et al., 1981). However, the optimal level of fluoride intake for
osteoporosis therapy is not determined.

Fluoride is an inhibitor of several enzyme systems and diminishes tissue
respiration and anaerobic glycolysis. It also binds Ca({+ 2), and inhibits the
glycolytic utilization of glucose by erythrocytes (Gilman et al., 1990).

Acute fluoride poisoning usually results from accidental ingestion of insecticides
or rodenticides containing fluoride salts (Gilman et al., 1990). The lethal dose
of fluoride for a 70-kg adult is approximately 32 mg/kg.

In man, the major manifestations of chronic ingestion of excessive amounts of
fluoride are dental fluorosis {mottled enamel) and osteosclerosis {(crippling
skeletal fluorosis) (Gilman et al., 1990; National Research Council, 1989;
Casarett and Doull, 1991). Long-term exposure to excess fluoride causes
increased osteoblastic activity (a process of bone development).

In very mild tooth mottling, the gross changes consist of small, opaque, paper-
white areas scattered irregularly over the tooth surface. In severe cases,
discrete or confluent, deep brown- to black-stained pits give the tooth a
corroded appearance. Mottled enamel or dental fluorosis is the result of a
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partial failure of the enamel-forming cells to elaborate properly and lay down
enamel. It is a nonspecific response to several stimuli, one of which is
excessive fluoride ingestion.

Because mottled enamel is a developmental disease, fluoride ingestion following
tooth eruption has no effect on the disease (Gilman et al., 1990). Mottling is
one of the first visible signs of excessive fluoride intake during childhood.
Continuous use of water containing about 0.7 to 1.3 mg fluoride/L {equivalent
to 0.03 to 0.05 mg/kg-day for a 25-kg child, assuming ingestion of 1 L of water
per day), depending on ambient temperature and diet, produces dental mottling
and changes in tooth structure in 10 percent of children (National Research
Council, 1980; Gilman et al., 1990). These effects were evaluated as the very
mildest form of mottled enamel. At fluoride levels of 4 to 6 mg/L (0.16 to
0.24 mg/kg-day for a 25-kg child, assuming ingestion of 1 L of water) the
incidence reaches 100 percent, with marked increase in severity.

In osteosclerosis, as opposed to osteoporosis, bone density and calcification
increases. Fluoride intoxication is thought to represent the replacement of
hydroxyapatite by the denser fluorapatite. However, the mechanism of its
development is unknown. The degree of skeletal involvement varies from
changes that are barely detectable radiologically to marked thickening of the
cortex of the long bones, numerous exostoses scattered throughout the
skeleton, and calcification of ligaments, tendons, and muscle attachments to
bone. In its severest form, osteosclerosis is a disabling disease and is
designated as crippling fluorosis. It has been estimated that the development of
crippling skeletal fluorosis in humans requires daily ingestion of 20 to 80 mg
fluoride {(0.29 to 1.1 mg/kg-day for a 70-kg adult) over a 10- to 20-year period
{National Research Council, 1980; 1989; EPA, 1994a). Although the no
observed adverse effect level (NOAEL) for crippling skeletal fluorosis in humans
is unknown, a safe total fluoride exposure level (from food and drinking water)
for adults is suggested to be 0.12 mg/kg-day. This exposure level corresponds
to the consumption of 2 L of water per day containing 4 mg fluoride/L by a

70 kg adult and ingestion of 0.01 mg fluoride per day in the diet.

The EPA oral reference dose (RfD) of 0.06 mg/kg-day was developed based on
the NOAEL of 1 mg fluoride per liter of drinking water, determined in children
from 12 to 14 years old, and the assumption that a 20-kg child consumes
0.01 mg fluoride/kg-day in the diet (EPA, 1994a).

Figure 5.2 shows the health effects of fluoride as a function of dose.

5.1.3 Magnesium

Absorption

Ingested magnesium is absorbed mainly in the small intestine. Absorption of

dietary magnesium has been determined to be 30 to 40 percent. Calcium and
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magnesium are competitive with respect to their absorptive sites, and excess
calcium may partially inhibit magnesium absorption (Aikawa, 1963).

Tissue accumulation_and clearance

Most magnesium in the body is in the bones. Bone magnesium seems to be a
reservoir, ensuring that some magnesium will be on hand for vital reactions,
regardless of dietary intake. Magnesium, a principal intracellular cation of soft
tissue, is mainly a cofactor in enzymatic reactions associated with the
metabolism of carbohydrates and proteins. It is also involved in neurochemical
transmission and neuromuscular excitability (AHFS, 1991).

The major excretory pathway for absorbed magnesium is the kidney. In
subjects on a normal diet, one-third or less of the ingested magnesium is
excreted by the kidney and approximately two-thirds is excreted in the feces.

Environmental sources of magnesium

Magnesium is readily available in food, particularly nuts, cereals, seafood, and
meats. The average city water supply contains about 6.5 ppm of magnesium,
but amounts vary considerably, increasing with the hardness of the water.

The magnesium RDA ranges from 4.5 to 6.7 mg/kg-day. In the United States,
the average adult ingests between 240 and 480 mg of magnesium daily (from
3.4 to 6.9 mg/kg-day).

Toxicity of magnesium

Available data on human chronic magnesium toxicity following ingestion is
limited. It has been reported that therapeutic doses of ingested magnesium as
low as 6.9 mg/kg-day may have a laxative effect (AHFS, 1991).

In patients with severe renal impairment, hypermagnesemia (characterized by
hypotension, nausea, vomiting, electrocardiogram changes, respiratory or
mental depression, and coma) has occurred after administration of antacids
containing magnesium (AHFS, 1991). However, the threshold dose level for
these side effects has not been reported. Figure 5.3 summarizes the health
effects of exposure to magnesium as a function of dose.

5.1.4 Manganese

Absorption

Following ingestion, manganese absorption is homeostatically controlled: the
absorption rate depends on both the amount ingested and tissue levels of
manganese. Adults absorb approximately 3 to 4 percent of dietary manganese
(Saric, 1986). Manganese can be absorbed following exposure by inhalation,
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ingestion, and dermal contact. In humans, available data indicate that only

3 percent of an ingested dose of manganese chioride is absorbed (Mena et al.,
1969). The absorption rate is influenced by iron and other metals. In states of
iron deficiency, manganese is actively absorbed from the intestine. Individuals
with anemia can absorb more than twice the percentage of an ingested dose.
However, in states of excess iron, manganese absorption is by diffusion only
(Saric, 1986). High levels of dietary calcium and phosphorus are shown to
increase the requirements for manganese in several species

{(Lonnerdal et al., 1987).

Tissue accumulation and clearance

Manganese is widely distributed throughout the body. The highest
concentrations are found in the liver and kidney and, to a lesser extent, the hair.
The biological half-time in humans is 2 to 5 weeks, depending on body stores.
Manganese readily crosses the blood-brain barrier and is more slowly cleared
from the brain than from other tissue (Goyer, 1991). Normal concentrations in
the brain are low, but the half-time in the brain is longer and the metal may
accumulate in the brain with excessive absorption {National Research Council,
1973).

Absorbed manganese is rapidly eliminated from the blood and concentrates in
mitochondria. Initial concentrations are greatest in the liver. Manganese
penetrates the placental barrier in all species and is more uniformly distributed
throughout the fetus than in adults. It is secreted into milk.

Absorbed manganese is almost totally secreted in bile and reabsorbed from the
intestine as needed to maintain body levels. At excessive exposure levels, other
gastrointestinal routes may participate. Excess manganese is eliminated in the
feces; urinary excretion is negligible (Goyer, 1991; Saric, 1986).

Environmental sources of manganese

On the whole, food constitutes the major source of manganese intake for
humans. The highest manganese concentrations are found in plants, especially
wheat and rice. Drinking water generally contains less than 0.1 mg/L.
Manganese levels in soil range from 1 to 7000 mg/kg, with an average of 600
to 900 mg/kg. Mining and natural geological background variations contribute
to this variability. Manganese bioaccumulates in marine mollusks up to 12,000-
fold, and there is evidence for toxic effects in plants (phytotoxicity} and plant
bioaccumulation. The lllinois Institute for Environmental Quality has
recommended a criterion of 1 to 2 mg/kg for manganese in soil and 200 mg/kg
in plants (Saric, 1986).

Variations in manganese intake can be explained to a large extent by differences
in nutritional habits. In populations using cereals and rice as main food sources,
the intake will be higher than in areas where meat and dairy products are a
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larger part of the diet. The average daily intake has been estimated to be
between 2.0 to 8.8 mg/day (0.03 to 0.13 mg/kg-day) (EPA, 1994a), but intakes
as high as 12.4 mg (about 0.2 mg/kg-day) are reported in countries with high
cereal intake (Saric, 1986).

Drinking water generally results in an intake of less than 0.2 mg (0.003
mg/kg-day}, although some mineral waters can increase this amount by more
than threefold (Saric, 1986). One study from Greece reported drinking water
concentrations of manganese in excess of 2 mg/L, which would result in daily
intakes in the range of 0.06 to 0.07 mg/kg-day (EPA, 1994a).

Toxicity of manganese

Manganese is an essential nutrient. The aduit ESADDI ranges from 0.03 to
0.07 mg/kg-day (Saric, 1986). The EPA NOAEL for drinking water is set at
0.005 mg/kg-day while the lowest-observed-adverse-effect level (LOAEL) for
drinking water is 0.06 mg/kg-day. The EPA RfD for drinking water is 0.005
mg/kg-day. The RfD for ingested food is 0.14 mg/kg-day. Manganese in
drinking water may be more bioavailable (i.e., more readily absorbed) than
manganese in dietary food sources. This bioavailability would result in toxic
effects at lower ingested doses in drinking water than in food (EPA, 1994a).

Industrial settings are the largest source of data on chronic manganese toxicity.
These data indicate that excess manganese inhalation can result in a central
nervous system disorder consisting of irritability, difficulty in walking, speech
disturbances, and compulsive behavior that may include running, fighting, and
singing. With continued exposure, this condition can progress to a mask-like
face, retropulsion or propulsion, and a Parkinson-like syndrome. These effects
are largely irreversible although some recovery can be expected when exposure
ceases {DHHS, 1992). Metal chelating agents are ineffective in treatment, but
L-dopa has been effective in treatment (Goyer, 1991).

Information is limited on the effects of manganese ingestion. Because effects
from drinking water seem to differ from those from food sources, only studies
on water consumption will be considered here. A Japanese study of 25 people
drinking well water with manganese concentrations of 14 mg/L (0.4 mg/kg-day
estimated intake) reported symptoms of intoxication, including a mask-like face,
muscle rigidity and tremors, and mental disturbances. Two deaths (8 percent]
occurred among the intoxicated people. A Greek study of more than 4000
individuals drinking water with manganese concentrations varying from 0.081 to
2.3 mg/L {estimated intake at 2 L/day for a 70-kg individual range from 0.002
to 0.07 mg/kg-day) showed varying degrees of neurological effects in
individuals drinking from 0.007 to 0.07 mg/kg-day, but no effects in individuals
drinking less than 0.005 mg/kg-day (Kondakis et al., 1989).

The chemical form of manganese has complex effects on its toxicity. Although
the more soluble forms are more readily absorbed from the gastrointestinal tract,
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5.1.5

they also appear to be more rapidly cleared. Exposure to insoluble forms results
in lower manganese absorption but higher chronic tissue levels and therefore
greater toxicity (EPA, 1994a). Information is limited on the effects of various
forms of manganese.

Few data are available on manganese toxicity in infants, but infants are probably
more susceptible to toxicity due to greater absorption and greater penetration
into the central nervous system (EPA, 1994a; Saric, 1986).

Figure 5.4 summarizes manganese toxicity as a function of dose.

Molybdenum

Absorption

Molybdenum absorption in the gastrointestinal tract depends on the species of
the metal. Both inorganic and hexavalent forms such as molybdenum trioxide,
sodium molybdate, and ammonium molybdate are readily absorbed from both
food and water, whereas molybdenite is not. Human absorption rates of 40 to
70 percent have been observed for the soluble forms of molybdenum (Tipton
et al., 1969; Robinson et al., 1973; Alexander et al., 1974).

Tissue accumulation and clearance

in humans, the highest concentrations of molybdenum occur in the liver, kidney,
and adrenals (Casarett and Doull, 1991). With normal dietary intake,
molybdenum levels in the body slowly increase until approximately age 20, then
begin to decline steadily. Urine is the principal excretion route in humans.
Human studies indicate the biological half-life in humans is considerably longer
than in animals and may be as long as 2 weeks (Rosoff and Spencer, 1964).

Environmental sources of molybdenum

Molybdenum occurs naturally in combination with other metals, including
uranium, lead, iron, cobalt, and calcium. Native soil concentrations can vary by
as much as 2 orders of magnitude, from 0.1 to 10 mg/kg, leading to large
variations in the molybdenum concentrations in plant materials. Natural
concentrations in ground water are reported from 0.00011 to 0.0062 mg/L.
Human dietary intake of molybdenum is estimated at 0.05 to 0.24 mg/day
(0.0007 to 0.003 mg/kg-day). The contribution of drinking water is estimated
to range from O to 95 percent. The nutritional intake range for molybdenum is
from 0.0015 to 0.0054 mg/kg-day. No symptoms of molybdenum deficiency
have been reported in humans. Nonetheless, molybdenum is an essential trace
element that functions as a necessary constituent of several enzymes, including
xanthine oxidase (which is involved in the metabolism of uric acid) and nitrate
reductase (Friberg et al., 1986).
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5.1.6

Toxicity of molybdenum

Acute toxic effects of molybdenum have not been reported. No adverse health
effects have been reported with a chronic intake of less than 0.008 mg/kg-day
of molybdenum. Molybdenum toxicity primarily is related to its interactions
with copper and sulfur, leading to altered excretion patterns for these elements.
Increased levels of molybdenum also increase the levels of xanthine oxidase,
which is responsible for the production of uric acid. High levels of uric acid can
accumulate in joints, leading to symptoms of gout and other joint disorders.

A molybdenum intake of 0.008 to 0.022 mg/kg-day can produce a mineral
imbalance as a result of increased copper excretion. Copper excretion is
reported to double with molybdenum intake at the upper end of this range.
Copper is an essential nutrient important in many metabolic pathways, including
the synthesis and function of hemoglobin. A copper deficiency resulting from
excess excretion will impair the oxygen-carrying capacity of the blood and
severe copper deficiencies can lead to hypochromic microcytic anemia. In
humans, gout-like symptoms and joint deformities are reported in regions of
Russia where elevated molybdenum concentrations in soil and subsequent
increased molybdenum concentrations in food lead to molybdenum intakes in
the range of 0.14 to 0.21 mg/kg-day. Figure 5.5 summarizes the health effects
of molybdenum as a function of dose.

Sodium

Absorption

Sodium is rapidly and fully absorbed from the intestinal tract. The skin and
lungs also absorb sodium rapidly, by simple diffusion and ion exchange. Sodium
travels in the blood, where it ultimately passes through the kidneys. The
kidneys filter out all sodium; then, with great precision, the adrenal hormone
aldosterone maintains the correct sodium concentration in the bloodstream
{National Research Council, 1980).

Tissue accumulation and clearance

Sodium is the major extracellular ion. The sodium ion is essential to the
regulation of the acid-base balance and is an important contributor to
extracellular osmolarity. It is an essential constituent in the electrophysiological
functioning of cells and is required for impulse propagation in excitable tissues.
Furthermore, sodium is essential for active nutrient transport, including the
active transport of glucose across the intestinal mucosa. About 30 to 40
percent of the body’s sodium is thought to be stored on the surfaces of the
bone crystals, where it is easily recovered if blood sodium levels drop.

Sodium is excreted mainly in urine, with appreciable amounts also excreted in
feces, sweat, and tears (Venugopal and Luckey, 1978). Mammalian renal
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sodium excretion is a two-phase process involving glomerular filtration and
reabsorption in proximal tubules; of about 600 grams of sodium involved in
24-hour glomerular filtration, approximately 99.5 percent is reabsorbed in
human adults. A homeostatic mechanism for sodium functions at the renal
excretory level.

Environmental sources of sodium

The total sodium intake is influenced mainly by the amount of salt (sodium
chloride) added to food, the inherent salt content of the foods consumed, and
the amount of other sodium salts in the diet and in medication. Sodium is a
natural constituent of both vegetable and animal products in varying
concentrations. Other sources of sodium are drinking water, cooking water,
soft drinks, and alcoholic beverages.

At 2 months, infants consume approximately 300 mg of sodium a day; at 12
months, approximately 1400 mg a day. Human breast milk contains 161 mg/L
and cow'’s milk contains approximately 483 mg/L (Carson et al., 1986).

No RDA is set for sodium. The National Research Council recommends limiting
daily sodium intake to less than 2400 mg (34 mg/kg-day). A healthy person
requires about 115 mg sodium daily (1.6 mg/kg-day), yet sodium dietary intake
is estimated at 57 to 85 mg/kg-day. However, dietary sodium intakes as high
as 134 mg/kg-day are reported (National Research Council, 1980). The
American Heart Association recommends limiting dietary sodium intake to 3000
mg daily.

The sodium content of drinking water is extremely variable. Analyses of water
supply systems indicate sodium concentrations in 630 systems range from less
than 1 to 402 mg/L (resulting in drinking water ingestion rates from less than
0.03 to 11 mg/kg-day), with 42 percent greater than 20 mg/L and 3 percent
over 200 mg/L (Carson et al., 1986).

Toxicity of sodium

Symptoms of acute sodium chloride toxicity accompanied by visible edema may
occur in healthy adult males with an intake as low as 35 to 40 grams of salt per
day (200 to 223 mg/kg-day because sodium is 39 percent of the weight of
sodium chloride) (Meneely and Battarbee, 1976). The mean lethal dose of
sodium for humans is reportedly 3230 mg/kg (Venugopal and Luckey, 1878).

Epidemiological studies indicate that long-term, excessive sodium intake is one
of many factors associated with hypertension in humans. A high sodium-to-
potassium ratio in the diet may be detrimental to persons susceptible to high
blood pressure. Some aduits, however, tolerate chronic intake above 40 grams
of sodium chloride per day (equivalent to 223 mg/kg-day) (Carson et al., 1986).
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5.1.7

Research indicates that critical levels of sodium ingestion cause blood pressure
to rise with age, leading to hypertension. Freis (1976) reports that with sodium
intake below 227 mg/day (3 mg/kg-day for a 70-kg adult), hypertension was
absent. In the range of 227 to 1591 mg/day (3 to 23 mg/kg-day for a 70-kg
adult), a few cases of hypertension may appear, while in the range of 1590 to
8000 mg/day (23 to 114 mg/kg-day for a 70-kg adult), approximately 15
percent of adults exhibit hypertension. When sodium intake rises above 8000
mg/day, hypertension may be found in about 30 percent of the population.
Because sodium chloride is present in nearly all processed and packaged foods,
limiting dietary intake is difficult. The average daily dietary intake in the United
States often causes hypertensive effects. Drinking water generally contains
relatively low levels of sodium, and therefore does not significantly contribute to
the total intake unless sodium is at higher-than-average levels in the water
supply. However, people on sodium-restricted diets can obtain a significant
portion of daily sodium from drinking water. Because the kidney is the major
organ involved in regulating sodium balance, individuals with compromised
kidney function may be placed on a low-sodium diet. Other individuals may be
on low-sodium diets to control hypertension. Because of the high prevalence of
such individuals in our society, the American Heart Association has proposed
that public drinking water supplies in the United States adopt a standard of

20 mg/L sodium (Calabrese and Tuthill, 1977). This standard measure would
limit the additional intake of sodium from drinking water to approximately

0.6 mg/kg-day for a 70-kg adult. Figure 5.6 summarizes the potential health
effects of sodium as a function of dose.

Sulfate

Absorption

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

Tissue accumulation and retention

ingesting high levels of sulfate results in transient increases in both blood and
urine concentrations. Approximately 50 percent of a 75 mg/kg dose is excreted
over 72 hours. The urinary excretion mechanism is transport-limited and can
become saturated at high doses of sulfate. Excess sulfate is also excreted in
feces in its inorganic form. To date, no data indicate sulfate accumulates, even
with chronic ingestion of above-normal levels. However, extremely high chronic
doses have not been examined in humans.

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

Environmental sources of sulfate

In 1978, drinking water sulfate concentrations in the western United States
(EPA, 1992a) ranged from O to 820 mg/L, with a mean concentration of

99 mg/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
western United States. Estimates on sulfate intake from food are not available.

Toxicity of sulfate

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 discussed above, no data indicate sulfate bioaccumulation
with chronic exposure. Sulfate salts of magnesium and sodium are used
medicinally as cathartics. 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. This action is also the basis of sulfate’s toxic effects.

Toxicity in humans is primarily manifested in diarrhea; the severity of the
diarrhea is dose-dependent. Chronic sulfate ingestion can result in persistent
diarrhea, leading to ionic imbalance and dehydration similar to that seen with
extremely high acute doses. Serious gastroenteritis is reported in some infants
and adults drinking water containing 400 to 1000 mg/L sulfate (EPA, 1992a).
When drinking water is contaminated with sulfate, the taste of the water may
make it unpalatable and reduce consumption. However, this is not necessarily
the case. In regions (such as Saskatchewan) with high sulfate concentrations in
the drinking water, residents adapt to the taste and find the water palatable
(EPA, 1992a). A lower water intake could compound the dehydration effects of
the diarrhea. Extreme dehydration can lead to death. As with nitrate toxicity,
infants appear to be the most susceptible population for sulfate-induced
diarrhea. Also, some data indicate diabetic and elderly populations with
compromised kidney function may be more sensitive than healthy adults to the
effects of sulfates (EPA, 1992a). Figure 5.7 summarizes these health effects as
a function of dose.

Sulfate toxicity data 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 have been back-calculated from sampling their
drinking water. Therefore, these data do not represent well-controlled studies
with readily defined dosage ranges.

DOE/AL/62350-134 SEPTEMBER 27, 1894
REV. 0, VER. 4 SLCO04FB.WCI
5-20



N3D-INS/NVHE/OTIS/3LIS OV

SADNVH ALIDIXOL 31V4INS
LS 3dNOld

- HLY3Q —<---- NOILYBOAHIA OL ONIQV3T VIHHHVYIQ LNV:NI INILSISHA - ALIOIXOL 3Y3AIS

SLNVNI Ni YaHHEYIa OL (S1INAV) LO3443 SAILYXVYT WOHD DNIDNVYH ALIOIXOL QTIN

$103443 43AH3SEO ON
LN l||—

ST13A3T IMVLINI ANNOHONOVE
n

(Rep-bBy/6uw)
ooy 0s¢ ooge 05¢c 00¢ 0S5t 00! 0s 0
| | | | | | _ | |

5-21
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5.1.8

Uranium

The uranium that occurs naturally at UMTRA Project sites consists of three
radioactive isotopes: uranium-234, uranium-235, and uranium-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. Figure 5.8 summarizes the radioactive
decay chain of uranium-238 and uranium-234. As all natural uranium isotopes
are radioactive, the hazards of a high uranium intake are from both its chemical
toxicity and potential radiological damage. The chemical toxicity of natural
uranium is discussed here; the carcinogenic potential associated with exposure
to radioactive isotopes of natural uranium is discussed in Section 5.3.

Absorption

Uranium absorption in the gastrointestinal tract depends on the solubility of the
uranium compounds. The hexavalent uranium compounds, especially the uranyl
salts, are water soluble, while tetravalent compounds generally are not

(Weigel, 1983). However, only a small fraction of the soluble compounds is
absorbed. Wrenn et al. {1985) has determined human gastrointestinal
absorption rates of 0.76 to 7.8 percent.

Tissue accumulation and clearance

In humans exposed to background levels of uranium, the highest concentrations
were found in the bones, muscles, lungs, liver, and kidneys (Fisenne

et al., 1988). Uranium retention in 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 to uranium, humans excrete more than
90 percent of the dose in the feces. Of the small percent that is absorbed
{typically less than 5 percent), animal studies show that approximately

60 percent is excreted through the urine within 24 hours and 98 percent is
excreted within 7 days (Ballou et al., 1986; Leach et al., 1984; Sullivan

et al., 1986). A small portion of the absorbed uranium is retained for a longer
period.

Environmental sources of uranium

Uranium is a ubiquitous element, present in the earth’s crust at approximately
4 ppm. Uranium concentrations in ground water and surface water average
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5.2

1 pCi/L and 3 pCi/L, respectively (NCRP, 1984). The extent of absorption from
the soil into plant tissues depends on the plant species and the depth of its root
system (Berlin and Rudell, 1986). (Tracy et al. (1983) report plant uranium
concentrations averaging 0.075 ug/kg of fresh plant material.

The main dietary source of natural uranium for the general population is food
(e.g., potatoes, grains, meat, and fresh fish) which may contain uranium
concentrations between 10 and 100 ug/kg (Prister, 1969). The total uranium
dietary intake from consuming average foods is approximately 1 ug per day;
additionally, approximately 20 to 50 percent of that total can come from
drinking water. Cereals and vegetables, particularly root crops, probably
contribute most to daily uranium intake (Berlin and Rudell, 1986).

Toxicity of uranium

Exposure of the general public to natural uranium is unlikely to pose an
immediate lethal threat to humans. No human deaths are reported that are
definitely attributable to uranium ingestion; therefore, no lethal dose has been
determined for humans. Lethal doses of uranium (LDgg ,3) are reported to be as
low as 14 mg/kg-day following 23-day oral exposure, depending on the
solubility of the uranium compound tested (higher solubility compounds have
greater toxicity), exposure route, and animal species. High doses of uranium
cause complete kidney and respiratory failure.

No chronic toxic effects are reported in humans following oral exposure to
uranium. Data from populations occupationally exposed to high concentrations
of uranium compounds through inhalation and information 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, chemical
injury reveals itself by increased catalase excretion in urine and proteinuria.
Dose-response data for the toxic effects 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). Figure 5.9
summarizes the health effects of uranium as a function of dose.

CONTAMINANT INTERACTIONS

Although some information is available on potential interactions between the
contaminants found at UMTRA Project sites, discussions of potential
interactions generally can be presented only qualitatively. in addition to
individual physiological variables that can affect toxicity, interaction
uncertainties also can be expected because exposure concentrations may be
different than the concentrations tested experimentally. In addition, some
ground water constituents may be present in sufficient quantities to modify
predicted toxicities even though they are not considered contaminants of
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concern to human health. Therefore, the interactions described below should be
recognized as factors that can influence the predicted toxicity, although the
precise nature and magnitude of that influence cannot be determined.

A primary concern at the Salt Lake City site is the potential for interactions
between metals. Interactions between several similar metals can alter the
predicted absorption, distribution in the body, metabolism, toxicity, or clearance
of a metal of interest.

For example, manganese absorption can be considerably altered under
conditions of high calcium or iron or by a low-protein diet (Elinder, 1986).
Manganese absorption from the intestine may significantly decrease in the
presence of high dietary iron, leading to decreased manganese toxicity (DHHS,
1992). Conversely, high levels of manganese lead to decreased iron absorption.
Short-term effects of this type are probably the result of kinetic competition
between iron and manganese for a limited number of binding sites on intestinal
transport enzymes, while longer-term effects of excess iron probably are due to
adaptive changes in the level of intestinal transport capacity. Additionally, a
physiological interaction between manganese and the metal-binding protein
metallothionein can occur (DHHS, 1992; Casarett and Doull, 1991). Manganese
can induce metallothionein synthesis and the formation of a metallothionein-
manganese complex would enhance manganese excretion, decreasing its
toxicity.

Because calcium, barium, magnesium, and strontium are competitive with
respect to their absorptive sites, an excess of any of these elements may
partially inhibit the absorption of others. Calcium salts also decrease the
gastrointestinal absorption of fluoride (National Research Council, 1980). In
addition, magnesium decreases fluoride absorption somewhat less effectively
than calcium.

In animal studies, iron status affected the gastrointestinal absorption of
uranium; however, the reported results were inconclusive (EPA, 1988b). No
other information has been found on the interactions of uranium with other
metals. However, the common target organ suggests uranium, manganese, and
vanadium interact to produce kidney toxicity.

Sulfate interactions with molybdenum and copper are complex. Ruminants
seem to be the most susceptible species to imbalances between these elements.
In ruminants, copper prevents the accumulation of molybdenum in the liver and
may antagonize molybdenum absorption. Molybdenum can produce a functional
copper deficiency, but only in the presence of sulfate. Casarett and Doull
(1991) suggest sulfur can displace molybdate in the body. [n laboratory animal
models, molybdenum toxicity is more pronounced when dietary copper intake is
low (EPA, 1994a). In ruminants, copper sulfate can protect against
molybdenum toxicity and molybdenum and sulfur can inhibit copper toxicity.
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5.3

Because ingesting high levels of sulfate and magnesium produces diarrhea that
leads to dehydration, and ingesting of high levels of sodium and chloride leads
to water retention, a physiological interaction might be expected to occur with
simultaneous ingestion of all of them. However, available data do not predict
the net effects of chronic ingestion of sulfate and sodium at high
concentrations. Although high-concentration sodium chloride solutions are used
to treat diarrhea-induced hyponatremia and hypochioremic metabolic alkalosis,
the electrolyte concentrations in these solutions are physiologically balanced.
Disproportionately high sodium and chloride levels could intensify the electrolyte
loss produced by severe diarrhea.

It should also be noted that diarrhea-induced dehydration may lead to excessive
concentration of the contaminants (those excreted in urine) in the kidney. Thus,
diarrhea-induced dehydration may enhance the predicted toxicities of these
contaminants, especially magnesium, manganese, molybdenum, sodium, and
uranium.

CONTAMINANT RISK FACTORS

The EPA Office of Research and Development has calculated acceptable intake
values, or RfDs, for long-term (chronic) exposure to noncarcinogens. These
values are estimates of route-specific exposure levels that are not expected to
cause adverse effects when exposure occurs for a significant portion of a
lifetime. The RfDs include safety factors to account for uncertainties associated
with limitations of the toxicological data base. These safety factors include
extrapolating results from animal studies to humans and accounting for
response variabilities in sensitive individuals. These values are updated quarterly
and are published in the Health Effects Assessment Summary Tables (HEAST)
(EPA, 1994b)}. Following more stringent review, they are published through the
EPA’s IRIS data base. Table 5.1 summarizes the most recent oral RfDs for the
noncarcinogenic contaminants of concern.

The EPA currently classifies all radionuclides as Group A, or known human
carcinogens, based on their property of emitting ionizing radiation and on the
evidence provided by epidemiological studies of radiation-induced cancer in
humans. At sufficiently high doses, ionizing radiation acts as a complete
carcinogen (both initiator and promoter), capable of increasing the probability of
cancer development. However, the actual risk is difficult to estimate,
particularly for the low doses and dose rates encountered in the environment.
Most reliable data were obtained under conditions of high doses delivered
acutely. It is not clear whether cancer risks at lower doses are dose-
proportional (i.e., the linear dose-response hypothesis) or whether the risk is
greatly reduced at low doses and rates (i.e., the threshold hypothesis}. A
conservative assumption is that no threshold dose exists below which there is
no additional risk of cancer.
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TOXICITY ASSESSMENT

Risk factors published in HEAST and RIS correlate the intake of carcinogens
over a lifetime with the increased excess cancer risk from that exposure.
Table 5.2 gives the most recent cancer slope factors for the uranium-234 and

-238 radioactive decay series.

Table 5.2 Toxicity values: carcinogenic effects

Oral slope Weight of Slope factor

factor evidence basis/slope
Parameter (pCi)"I classification Type of cancer factor source®
Lead-210 5.1E-10 A Bone Water/HEAST
Polonium-210 1.5E-10 A Liver, kidney, spleen  Water/HEAST
Radium-226 1.2E-10 A Bone Water/HEAST
Thorium-230 1.3E-11 A Bone Water/HEAST
Uranium-238 1.6E-11 A b Water/HEAST
Uranium-234 1.6E-11 A b Water/HEAST

From EPA (1894b).

PNo human or animal studies have shown a definite association between

oral exposure to uranium and development of cancer.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
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6.0 HUMAN HEALTH RISK EVALUATION

Health risks to an individual or population are evaluated by combining the results of both
the exposure and toxicity assessments. As discussed in Section 5.0, potential adverse
health effects depend on the amount of the contaminant an individual ingests or absorbs.
At lower levels, many contaminants associated with the mill tailings are beneficial to
health, because they are essential nutrients. At higher levels, these same elements can
cause adverse health effects or, at very high levels, death.

6.1

POTENTIAL NONCARCINOGENIC HEALTH EFFECTS

The resuits from the exposure assessment showing either the highest intake-to-
body-weight ratios (i.e., highest doses) or the toxicologically most sensitive
group are used here to evaluate the potential health effects of noncarcinogens.
For chloride, fluoride, magnesium, manganese, molybdenum, sodium, and
uranium, the highest intake-per-body-weight group is children 1 to 10 years old.
Infant exposures are used to evaluate the health risks of sulfate exposure,
because this is the most toxicologically sensitive population.

Exposure to sulfate is the most significant health risk associated with the
contaminated ground water at the Salt Lake City former mill site. As can be
seen in Figure 6.1, if ground water were used for drinking water, more than 70
percent of the expected exposures would be in the range of severe diarrhea in
infants, which can lead to dehydration and potentially to death. However, these
high-sulfate concentrations may cause the water to be unpalatable to infants,
thus reducing their exposure.

Because the predicted sulfate toxicity from drinking water is so severe, and
because this is the only exposure pathway for infants, the additive contribution
from other sources would not alter the interpretation of health risks. Therefore,
the contributions from other sources 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 would be at higher risk of severe diarrhea. Further, these effects would be
expected even after very short-term exposures.

In addition to sulfate-induced diarrhea, mild diarrhea would be associated with
more than 90 percent of the children exposed to magnesium alone (Figure 6.2).

Infants exposed to magnesium from the drinking water ingestion route would
have about 3 times the exposures of children. Thus, expected magnesium
toxicity would be more serious in infants than in children. Simultaneous
exposure to magnesium and sulfate in drinking water would be expected to
augment the severity of sulfate-induced diarrhea. When renal impairment exists,
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH HUMAN HEALTH RISK EVALUATION

magnesium exposure also could induce symptoms of central nervous system
depression.

Chronic sodium exposure would be associated with the development of
hypertension in children as well as in adults. As can be seen in Figure 6.3, 97
percent of the exposure distribution for sodium is above the threshold level of
hypertension in humans. In addition, chloride exposure may contribute to the
development of hypertension. About 90 percent of the exposure distribution for
chloride alone may be associated with hypertension in sensitive individuals,
although some uncertainty is associated with these studies (Figure 6.4). Renal
insufficiency would augment this health effect. Although solutions with
physiologically balanced electrolyte concentrations containing high levels of
sodium chloride have been used to alleviate diarrhea-induced hyponatremia, it is
not possible to predict the net effect of simultaneous chronic ingestion of
sodium chloride, sulfate, and magnesium at high concentrations without
balanced electrolytes.

More than 70 percent of the exposure distribution for manganese (Figure 6.5)
falls above the threshold level of mild neurological symptoms, and 85 percent of
this distribution is above the EPA RfD derived from drinking water consumption
studies. As discussed in Section 5.1.4, infants may be more sensitive to
manganese toxicity than children and adults. Therefore, toxic effects may
appear in infants at levels lower than those in Section 5.1.4.

More than 90 percent of the fluoride intake distribution falls above the threshold
level of the cosmetic dental mottling in children (Figure 6.6). About 40 percent
of this distribution is within the exposure range associated with dental fluorosis
recognized as a pathology. About 60 percent of this distribution is above the
acceptable intake level recommended by the EPA (RfD of 0.06 mg/kg-day). The
remaining portion of the exposure distribution falls into the range of the NOAEL
for dental fluorosis. Modeling long-term adult exposure to fluoride would
associate less than 1 percent of the predicted exposure level with the
development of skeletal fluorosis in this age group.

The entire exposure distribution for molybdenum (Figure 6.7}, is above the EPA
RfD. About 30 percent of the estimated intake falls above the threshoid level of
mild toxicity, which would manifest as copper deficiency. Gout could resuit
from increased production of uric acid.

The entire exposure distribution for uranium falls within the NOAEL (Figure 6.8).
However, almost 90 percent of the exposure distribution falls above the EPA
acceptable intake level (RfD of 0.003 mg/kg-day). This discrepancy occurs
largely because the toxicological data base is incomplete; this uncertainty is
considered in the intake level acceptable to the EPA. Uranium has not been
shown to serve a beneficial purpose in biologic systems; therefore, unlike
nutrient metals, a threshold of toxicity is difficult to define. Though these low
intake levels have not been associated with adverse health effects in humans or

DOE/AL/62350-134 SEPTEMBER 27, 1994
REV. O, VER. 4 SLCO04FB.WC!
6-4



MUQ'ICOSHLH

YHEOTISMO0'€14V HLYd

3LIS ‘HVLN ‘ALID IV LIVS

£€°9 3HNOId

‘S34NS0dX3 Q3.101034Hd 40

ALIHOMYW 3HL HLIM Q3LVIOOSSY 38 A1NOM NOISN3LHIdAH ‘3.LON SNVWNH NI NOISNILHIdAH

A (XX

IMVLINI AHVL3IA HO4 LININT A3AN3IWNOO3IH OUN W
INIWIHINDAY TYNOILIHLAN W

HILVYM DONIINIHG WOYHS STIATT IMVLNI ONNOHOMOVE ]

(Aep-By/6w) INVLNI
09/ G99 0.5 Gly 08€ 682 061 G6 0

_ . . "g;.ééém_zn_ : u

ﬂ

€48 = JT1LN3OH3d W66

¢0l =3NTVA d3.L03dX3

N3HATHO HOd SIODNVH 3HNSOdX3 WNIJOS TVILNALOd 40 SL03443 HLTVIH

1A

8¢

A%

9'g

0’L

(% SV) ALNIgYE0OHd

6-5

AT TR £ g serw nET

g YT

. e me L, mCrA SR TSP



MYQ'OTHOHLR

vHE8IISM0' €4V HAYd

3LIS ‘HY.LN ‘ALID 3NV LIVS
N3IHQATHO HOd S3ODNVH 3HNSOdX3 AIHOTHO TVILNILOd 40 S103443 HLTVIH

¥°9 34NOId
"S3HNSOdX3 A3L01034d 40
ALIHOPYW 3HL WOHH 1INS3H Q' INOM NOISNILHIJAH 3LON
SNVAINH NI NOISNILH3dAH
- ..
STAAIT IDIVLINI AEVLIIA | te

HILVYM ONDINIHA WOHS LIWIT A3AN3IWNODO3Y W

H3LVM ONDINIHG WOY4d m_v?FZ__ fI

(Aep-By/6w) INVLNI

0zL 089 OvS 08 098 0L 0
a

9vE = TTLNIOHId W66 1H T Y
il T
53 e
| o
-2e @
; o
i C
. - 87 B
.o (0]
| 2

4 - v9

96 = INIVA G3LOTdX3 g

6-6



MUQVONWHLTH

VHEDISMO'€WVI Hivd

3LIS ‘HY.LN ‘ALID 3NV LIVS
NIHATIHD HO4 STONVH JHNSOdXA ISANVONVIN TVILNILOd 40 S103443 HLTVIH

S°9 HNOIH
‘S$3WNSOdX3 A3.L0IA34d 4O ALIHONYIN

3HL HLIM Q3LVIOOSSY 39 A1NOM SWOLdWAS TWOID0TOHNIN 310N

103443 ;IN-NOSNIXHVd

AO.Q.QCO.Qo000.0000c..oco.O.oo.aoooooo.o.oo0....10..'00000000

SWOLAWAS TVOIDOTOHNAN ATdv3

-t}

(Rep-Bx/Bw 500°0) HILYM DNDINIHA ‘3SOA IONIH34TH IVHO W

aO04 NOHH ST3ATT IMVLINI AHVLZIA | ]

IXMVLNI HILYM DONIINIHA AONNOHONMIVE |

(Aep-Bx/Bw) INVLINI
20 GLL'0 GL'0 STAN) L'0 G20'0 S0°0 G200 0

T

4

£0°0 = 31ILN3OHId Ui66

- e e R

(% SY) ALINIgvaodd

RIT

20’0 =3NTVA A3103dX3

6-7

coe s,



MUOQ'ONIEHLTH

YHEOISMOCVI HAVd

31IS ‘HYLN ‘ALID IMVT LIVS
N3HATIHO HOd S3FONVH JHNSOdX3 3AIHON TS "TVILNILOd 40 S103449 H11V3H

'ALIH3A3S 40 $334DIA INSH3IJIQ JO SISOHONTS TVIN3A HLIM 9'9 34NOI4
Q3LVIOOSSY 38 AINOM NIHATIHO NI S3HNSOdX3 3HL 40 %06 310N

S1INAaV NI SISOCHONTd TVLITINS ONITddIHO

-}
S11NAV NI SISOHONTA VLI TINS HOH T13ATT L0443 J1GVAHISHO ON  seeeessmmm———sscsos
SISOHON1H "IV.LNIA DNISYIHONI
o cccse
NIHATHO NI 3HNLONYLS HLOOL Ni SIONVHO ANV ONITLLOW TVINIQ  cee—-oe
NIHAHO NI SISOHONT4 TY.ANIA HOA 13A3T L0443 319vAHISEO ON
* ol—
(Aep-By/6w 90°0) HILYM DNIMNIHA ANV AOO4 ‘SO0 IONIHISIH vHO W
[NIHQUHO HOL HILYM ONIMNIHA WOHSH STFAITINVING |
(Aep-By/Bw) INVLNI
80 L0 90 g0 0 €0 c¢0 10 0

} “ : ; ,"::“t:ﬁmumwwmﬁm. e B 0
€0 = ILNIOHI Y66 T
- v
m -9

» - 8

80°0 = ANIVA d3103dX3

(% SV) ALITIGVYEOYd

6-8



MY ATOWHLTH

YHBDISVL0'EWV HIVd

3LIS ‘HY.LN ‘ALID 3NV LIVS

N3HATIHO HOd SFONVH 3HNSOdX3 WNNIALGATON TVILNILOd 40 S193443 HLT1VIH

4'9 34HNOI4
"ALIDIXOL QW HLIM
@31VIO0SSY 38 INOM NIHAHO NI SFUNSOdX3 310103Hd 3HL 40 %0€ *ILON
(LNO® -~ - - -- SISFHLNAS dIOV OldN
ANV NOIL3HOX3 H3dd0O Q3SYIHONI) ALIDIXOL QTN
‘ 9000000

13A37 103443 @3AH3SE0 ON

0 =S 9O

(Aep-B>/6w 500°0) ISOA JONIHIITH WHO W

STEATT INVANI AYVLIIA ||

STIATT DIVLNI TIVNOILIHLAN ]

(Aep-6y/6w) IyMvLNI

€0 gc'o c0 8L0 GL0 0oL'o 200 v0°0 0

: ; ' . L:;ﬂﬁ.@.@& * ﬁ 0

* o
¢’0 = JLNIOHId Yie6 w
- 0¢
m - 8%
P
€0°0 = 3INTVA d3.L03dX3
- 8

(% SV) ALINIgVE0Hd

6-9

T T WL



MYQ'NVHNHLIH

YHEOTISWOEV | HLVd

LIS ‘HVLN ‘ALID IV LIVS
NIHATIHO HOd SIOYNVH FHNSOdX3 WNINVHN TVILNILOd 40 S10344d HLTVIH
89 NI

'S3HNSOdX3 40 IONVH A3101034d 3HL HLIM
Q3LVIOOSSY 38 A1NOM S103443 HLIVIH 3SHIAAAY 3AHISE0 ON 3LON

(31gV1IVAY LON V.1va NYWNH LNII0I44NS)
S1vH HO IOIN HIHLIF NI SL03443 d3AHISEO ON

. . . . . . . . . . . . . . . - . . . .

(Rep-6x/6w £00°0) ISOA FONIHI4AH ._<mo4

(Aep-6y/6w) INVLINI
80°0 .00 90'0 S0'0 $0'0 €00 200 LO0 0

" _ _ — ST 0
+ :::::

€0°0 = ITLNIOHId Ui66

PN | 2s

800°0 = ANIVA d3103dX4d

(% SY) ALITIGYEOHd

6-10



BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH HUMAN HEALTH RISK EVALUATION

6.2

6.3

test animals, it is significant that most of the exposure distribution falls above
this RfD criterion because of the low level of confidence in the toxicological
data.

Diarrhea-induced dehydration may lead to increased concentration of the
contaminants in the kidney, enhancing the predicted toxicity from chemical
exposures to magnesium, sodium, and most nephrotoxic metals.

POTENTIAL CARCINOGENIC HEALTH EFFECTS

All uranium isotopes are radioactive and, as such, are considered potential
carcinogens. Figure 6.9 shows the exposure distribution for uranium-238 and
uranium-234 intake and the associated potential lifetime carcinogenic risk.
These estimates are based on the cancer slope factor (SF) developed by the
EPA; however, natural uranium has not been demonstrated to cause cancer in
humans or animals following ingestion.

The estimated carcinogenic risk associated with uranium is within the range of 5
in 100,000 (from 50 percent of the exposure distribution) and 2 in 10,000
(from 1 percent of the exposure distribution), with 6 percent of the exposure
distribution exceeding the upper limit of the range recommended as acceptable
in the National Contingency Plan (NCP). The distribution presented here is
thought to be conservative because it is based on a cumulative, 50-year
exposure duration. As previously discussed, this exposure duration is probably
appropriate; however, ground water concentrations may decline over this time.

Uranium and radium-226 are the only radionuclides consistently measured above
background levels in the contaminated ground water of the unconfined aquifer.
However, because uranium decays to radioactive progeny, the entire longer-
lived radioactive progeny of the uranium decay series (radium-226, lead-210,
polonium-210, and thorium-230) was evaluated for carcinogenic risk

(Table 6.1).

Any excess lifetime cancer risks associated with radionuclides other than
uranium are within the NCP-acceptable range of 1 in 10,000 and 1 in
1,000,000.

LIMITATIONS OF THIS RISK EVALUATION

The following potential limitations should be kept in mind when interpreting this
risk evaluation.

o This risk evaluates only risks related to ground water contaminated with
inorganics. Potential contamination from organic constituents has not been
addressed.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH HUMAN HEALTH RISK EVALUATION

Table 6.1 Carcinogenic risk for ground water consumption pathway
at Salt Lake City, Utah, site

Exposure point

concentration® Intake Ingestion SF
Radionuclides (pCi/L) (pCilyr) (pCi)-1 Lifetime risk
Radium-226 1.3 910 1.2E-10 BE-06
Lead-210 0.7° 490 5.1E-10 1E-05
Polonium-210 0.2° 140 1.5E-10 1E-06
Thorium-230 0.8 560 1.3E-11 4E-07
Total 2E-05

3Maximum observed concentration; filtered ground water samples collected 1990-1994.,
bMaximum observed concentration; unfiltered ground water samples collected February 1994.

Notes: 1. Ingestion rate: 2 L/day.
2. Exposure frequency: 350 days/year.
3. Exposure duration: 50 years.

e Populations with potentially increased sensitivity, such as the elderly or
individuals with preexisting diseases, were not specifically addressed on the
toxicity ranges presented on the graphs. Expected sensitivities in certain
groups were discussed in the text to the extent possible.

e Some individuals may be more sensitive to the toxic effects of certain
constituents for reasons that have not been determined.

¢ Available data on potential adverse health effects may not always be
sufficient to accurately determine all health effects because human data are
insufficient or exposure ranges differed from exposures expected at this site.

e Although contaminated ground water movement has been evaluated
hydrologically and geochemically, it is possible that the monitoring locations
sampled were not in the most contaminated portion of the ground water.
Additionally, concentrations may increase or decrease substantially as the
contaminated ground water moves.

e The risk evaluation results presented in this document are based on filtered
(0.45 uym) ground water samples. Therefore, the potential loss of certain
ground water constituents as a consequence of filtration is associated with a
source of uncertainties. For example, if concentrations of iron and lead
measured in unfiltered ground water samples from monitor well 131
represent true values, ingesting this water could cause toxic effects.
Because a high degree of uncertainty is associated with these results, they
could not be used in this risk evaluation. Therefore, iron and lead should
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH HUMAN HEALTH RISK EVALUATION

continue to be monitored in unfiltered ground water samples to verify these
data.

e Only the drinking water exposure pathway was considered in depth,
although other pathways were screened to determine their contribution.
However, the incremental contribution from the ground water-irrigated
produce-ingestion pathway that could not be estimated here could be
significant. Therefore, the additivity of exposure from other pathways
should be considered.

e Changes in land use at the former Vitro site (e.g., pumping from the
confined aquifer) may affect current and future ground water conditions.

The evaluation presented here compensated for these limitations wherever
possible by presenting toxicity ranges and probabalistic exposure assessments
rather than point estimates, incorporating as much variability as could be
reasonably defined. The impact of these potential limitations is discussed more
fully in Section 8.2.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH ECOLOGICAL AND LIVESTOCK RISK EVALUATION

7.0 ECOLOGICAL AND LIVESTOCK RISK EVALUATION

The objective of this section is to assess the potential for site-related contaminants to
adversely affect the existing biological communities, livestock grazing, and potential
agricultural practices in the site area. Currently, the EPA has no guidance for quantifying
potential ecological impacts of hazardous constituents; however, the EPA has developed a
qualitative approach for ecological risk evaluations (EPA, 1989b). As part of this
qualitative approach, the EPA recommends conducting ecological assessments in a phased
approach to ensure the most effective use of resources while all necessary work is
conducted (EPA, 1992b). This approach consists of four phases: identify potentially
exposed habitats (phase 1), collect chemistry data (phase 2), collect biological samples
(phase 3), and conduct toxicity testing (phase 4). If the initial inspection of the habitats or
the analysis of media samples indicates little or no potential for an ecological risk, the
assessment probably will be complete. [f early phases of the assessment indicate the
contaminants may be adversely affecting ecological receptors, a higher level of analysis
may be warranted.

The ecological risk assessment at the Salt Lake City site consists of the first two phases
because habitats may have been impacted (phase 1). Water chemistry and sediment data
have been collected (phase 2). Data from the first two phases of ecological assessment
were used to prepare this baseline risk assessment. Thus, this qualitative approach
provides a screening level assessment of the risks associated with potential exposure to
contaminated media at the site.

Although determining the effects of a contaminant on the ecosystem may be difficult,
sampling environmental media such as surface water can help assess potential ecological
risk. The following sections identify areas of contamination and their potential pathways
into the aquatic and terrestrial ecosystem at the Salt Lake City site, the potential ecological
receptors at the site, the contaminants of potential concern, and how these potential
contaminants of concern threaten ecological resources, livestock, and agricultural crops.

7.1 EXPOSURE PATHWAYS

The cleanup of surface contamination at the former Vitro site included soil
excavation from 5 to 35 ft (2 to 11 m) depending on the depth of
contamination. The average depth of excavation at the site was 13 ft (4 m).
Clean fill was placed in all excavated areas and the ground was recontoured and
revegetated (DOE, 1994b).

Surface water bodies at and near the site consist of the South Vitro ditch, Mill
Creek along the northern border, a wetland to the east, and the Jordan River to
the west (Figure 2.2). Ground water in the shallow unconfined aquifer beneath
the site is contaminated as a result of operations at the former processing site.
The ground water table ranges from 5 to 15 ft (1.5 to 4.6 m) below the ground
surface. The extent of ground water contamination within this aquifer is
summarized in Section 3.0.
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The surface water, sediments, and shallow unconfined aquifer represent
potential contaminant exposure pathways into the aquatic and terrestrial
biological communities at the site. A limited number of surface water and
sediment locations were sampled at and near the site to assess these potential
pathways.

Contaminated ground water in the unconfined shallow aquifer could enter the
ecosystem via plant root uptake or discharge into surface water bodies. There
is evidence that the contaminated ground water from the shallow unconfined
aquifer is entering the clean fill placed in the excavated area. In 1992, samples
were taken from nine boreholes from the native soil material at the interface of
the fill material and native soil. These samples were taken from 8.5 to 16 ft
(2.6 to 4.9 m) below land surface and averaged 12 ft (3.7 m) below land
surface. The water depth of wells in the shallow unconfined aquifer ranged
from 5 to 13 ft (1.5 to 4.0 m) and averaged 7 ft (2 m) (DOE, 1993). This
indicates that water from the shallow unconfined aquifer has, on the average,
moved 4 ft (1.2 m) into the fill material during the 5-year period since the fill
was placed at the site in 1987. Given that both the soil beneath the fill and the
shallow aquifer are contaminated, the contaminants could enter the ecosystem
from plants extracting contaminants from both these sources. These potential
pathways will be assessed in this ecological risk assessment.

The unconfined shallow aquifer discharges into surface water bodies at the site
in areas such as Mill Creek and the Jordan River (DOE, 1993). This potential
exposure pathway to the aquatic and terrestrial biological communities will also
be addressed in this assessment.

A potential exposure pathway that does not now exist at the site but could in
the future is the establishment of a well in a contaminated aquifer to create a
pond and/or irrigation. Contaminated ground water in a pond could affect
wildlife that would drink the water and aquatic organisms (including fish) that
could live in the pond. Irrigating with contaminated ground water could lead to
the ingestion of contaminants by the human population and wildlife. For this
assessment, such a well is assumed to be in the contaminated unconfined
aquifer.

7.2 ECOLOGICAL RECEPTORS
This section describes the terrestrial and aquatic resources present at and near
the site, based on information collected during reconnaissance-level surveys
conducted at the site and other (published) studies.

7.2.1 Terrestrial resources
The areas that were backfilled after the completion of surface cleanup were
revegetated with a mixture of grass and herbaceous species. Most of the site
consists of mowed fields; one area is used as a golf driving range.
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7.2.2

The South Vitro ditch traverses the site and consists of a channel about 5 ft
{1.5 m) deep and bordered by a dense growth of woody and herbaceous riparian
and wetland plant species. Water flows north on site for about 1500 ft (460 m)
before it goes underground (below the site) and empties into Mill Creek near the
northern border of the site. Willow and cottonwood are the common woody
species while reed canary grass, goldenrod, and cattail are the common
herbaceous species. A submerged aquatic plant of undetermined species is
common (TAC, 1993). Wildlife was not observed along this ditch although
evidence of muskrat has been observed.

Mill Creek runs north of the site and empties into the Jordan River 0.25 mi
(0.40 km) west of the site. The creek has been channelized and is bordered by
industrial facilities in the site area. In some areas, the banks of this creek are
covered with woody plant species such as willow, Russian olive, and Chinese
elm. In other areas, the vegetation is more open with grass such as reed canary
grass being common.

Near the site, the Jordan River is bordered by a thin strip of riparian vegetation
that is typically 10 to 50 ft (3 to 15 m) wide. Moving away from the river, the
riparian zone gives way to buildings, parking lots, lawns, and disturbed ground.
The riparian zone is dominated by a dense growth of sapling-size trees, with
cottonwood, Russian olive, willows, and salt cedar most common. Reed canary
grass is common while the most common herbaceous species observed are
goldenrod, thistle, teasel, and burdock. Giant reed and cattail were noted in
some areas.

Mallard and domestic geese were observed along both Mill Creek and the Jordan
River. Other bird species recorded were the red-winged blackbird, starling,
house sparrow, magpie, flicker, and red-tailed hawk. Beaver cuttings were
common along the river and one muskrat was observed (TAC, 1993).

Because a marshy area east of the site and near the interstate highway was
considered out of the potential zone of influence of the contaminated ground
water, this area was not inspected or sampled.

Aquatic resources

The results of a fisheries study from 1988 through 1991 along the Jordan River
in the Mill Creek area indicate 24 species of fish live in the river; carp, Utah
sucker, and fathead minnow are the most abundant. The most abundant game
species are walleye, white bass, and green sunfish. The study showed no
discernible difference in fish abundance, distribution, or reproductive success at
sampling stations above and below the confluence of Mill Creek. Reproduction
of game fish is low in this section of the Jordan River because spawning habitat
is limited. The higher ammonia concentrations in the river below Mill Creek
were probably caused by water discharged from the CVWRF sewage disposal
facility along Mill Creek. These increased ammonia concentrations do not
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH ECOLOGICAL AND LIVESTOCK RISK EVALUATION

7.3

7.3.1

impact the fish in the Jordan River; the principal factor limiting fish reproduction
in the river appears to be the lack of appropriate habitat {Filbert and Holden,
1992).

Chironomidae and Oligochaeta were the dominant benthic taxa collected in the
Jordan River both upriver and downriver of Mill Creek. The dominance of these
taxa is typical for water bodies such as the Jordan River that have a sandy and
silty substrate, relatively warm temperatures, and low water velocities (Filbert
and Holden, 1992). During sediment sampling in 1993, the largest number of
invertebrates were observed at sample site 185 (Figure 2.2); a few
Ephemopteran, Tricopteran larva were noted with a large number of limpets and
a few leaches (TAC, 1993).

No fish or invertebrates were observed during surface water and sediment
sampling along Mill Creek and the South Vitro Ditch.

CONTAMINANTS OF POTENTIAL ECOLOGICAL CONCERN AND ECOLOGICAL
RISK

Surface water and sediment sampling sites

Surface water and sediment samples were collected in 1993 from four locations
along the Jordan River, and three along Mill Creek (Figure 2.2). In addition,
surface water and sediment samples were collected at location 186, and
sediment samples were collected at location 187 along the South Vitro ditch.
The only historic surface water and sediment samples from these locations were
collected in 1979 (DOE, 1983). Six of these sample sites coincided with 1993
sampling locations. In addition, water and sediment samples were taken from
the Vitro ditch in 1979; this ditch no longer exists.

Surface water samples were analyzed for 19 constituents in 1979 and 9
constituents in 1993 (Tables 7.1, 7.2, 7.3). Aluminum concentrations
exceeded the aquatic life criterion in the Vitro ditch in 1979. Chloride
concentrations exceeded the aquatic life criterion in the Jordan River, including
the upriver sampling location. Therefore, it is assumed that the chloride
concentrations in the river are not related to site activities. Chloride
concentrations in South Vitro ditch decreased in 1993 to levels below the
criterion. Lead exceeded the aquatic life criterion at all sample locations in
1979; samples were not analyzed for lead in 1993. These concentrations are
assumed to represent ambient conditions. This screening analysis indicates site-
related contaminants in the surface water bodies do not present ecological risk.
However, this cannot be definitely determined by only one set of recent samples
because seasonal flows could change water quality significantly.

Sediments were collected at all 1993 surface water sample locations and at five
locations in the site area in 1979 (Tables 7.4, 7.5, 7.6). The upriver location in
the Jordan River showed the highest values for virtually all constituents sampled
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AT THE URANIUM MILL TAILINGS SITE
SALT LAKE CITY, UTAH ECOLOGICAL AND LIVESTOCK RISK EVALUATION

Table 7.1 Analytes measured in 1979 and 1993 in the Jordan River, Salt Lake City,
Utah, site

Jordan River

Just At
upstream confluence
Confluence of Mill of Mill of old Vitro

Aquatic life

Creek Creek ditch Upriver of site :::Z:;;

Constituent SLC 192  183P 184 188 SLC17 185 value
Aluminum 0.06 NM NM NM 0.01 NM 0.087¢
Arsenic ND NM NM NM 0.01 NM 0.19¢
Calcium 76 86 141 139 78 135 NA
Cadmium ND NM NM NM ND NM © 0.0025¢
Chloride 170 200 287 296 170 278 230°
Chromium 0.07 NM NM NM 0.04 NM 0.474°%
Copper 0.03 NM NM NM 0.02 NM 0.028°
Iron 0.06 NM NM NM 0.08 NM 1.004
Potassium 15 NM NMm NM 17 NM NA
Magnesium 54 35 64 63 53 60 NA
Manganese 0.02 NM NM NM 0.02 NM 1.5f
Molybdenum ND ND 0.01 0.01 0.01 0.01 50 (0.79)9
Sodium 140 150 191 186 140 181 NA
Lead 0.02 NM NM NM 0.08 NM 0.012°
Selenium ND ND ND ND ND ND 0.0059
Silica 11 NM NM NM 12 NM NA
Sulfate 280 147 340 349 280 339 NA
Strontium NM 0.79 1.28 1.29 NM 1.25 NA
Uranium 0.004 0.005 0.015 0.015 0.004 0.015 8.43h

8surface water locations sampled in 1979. See Figure 2.3 for locations.
1993 sample locations (Figure 2.2).
SFrom EPA (1991) chronic Federal Water Quality Criteria for the protection of freshwater aquatic life.
dFrom UDEQ (1992) numeric chronic criteria for aquatic life based on a 4-day average concentration.

Criteria should not be exceeded more than once every 3 years on the average.
eWater hardness-related state chronic criteria (UDEQ, 1892). Water hardness calculated from adding calcium
and magnesium hardness. Total hardness of 275 mg/L from the South Vitro ditch was used to calculate
chronic criteria.
fFrom EPA (1986). Value presented is the lower end of the range of tolerance values for freshwater aquatic life.
9No state or federal water quality data available. Value presented is the current molybdenum criteria recommended by
the U.S. Fish and Wildlife Service for protection of aquatic organisms except for newly fertilized rainbow trout
eggs which are sensitive to molybdenum concentrates above 0.79 mg/L (Eisler, 1989).

From water hardness chronic criteria, state of Colorado (CDH, 1991). Criteria calculated using total hardness
of 275 mg/L.

NM — not measured.

NA — criteria not available.

ND — not detected.

Note: Concentrations in milligrams per liter.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
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Table 7.2 Analytes measured in 1979 and 1993 in Mill Creek, Salt Lake City, Utah,

site
Mill Creek o
Upstrfaam ] Downstream from Aq;xva;;zrllfe
of site West of railroad tracks sewage outfall quality

Constituent 180 18 181 SLC 16 182 value
Aluminum NA ND NA 0.02 NA 0.087°
Arsenic NA ND NA ND NA 0.19°
Calcium 104 110 113 13 85 NA
Cadmium NA ND NA ND NA 0.0025°¢
Chloride 66 140 67 55 197 2302
Chromium NA 0.04 NA ND NA 0.474°
Copper NA 0.03 NA 0.02 NA 0.028°¢
Iron NA 0.05 NA 0.04 NA 1.00P
Potassium NA 4.1 NA 4.5 NA NA
Magnesium 36 42 39 45 35 NA
Manganese NA 0.1 NA 0.03 NA 1.54
Molybdenum ND 0.01 ND ND ND 50 (0.79)®
Sodium 35 46 39 51 152 NA
Lead NA 0.06 NA 0.07 NA 0.012°¢
Selenium ND ND ND ND ND 0.005°
Silica NA 6 NA 6 NA NA
Sulfate 173 210 173 210 141 NA
Strontium 1.01 NA 1.1 NA 0.78 NA
Uranium 0.002 0.001 0.002 0.002 0.004 8.43f

3From EPA (1991) chronic Federal Water Quality Criteria for the protection of freshwater aquatic life.

bFrom UDEQ (1992) numeric chronic criteria for aquatic life based on a 4-day average concentration.
Criteria should not be exceeded more than once every 3 years on the average.

SWater hardness-related state chronic criteria (UDEQ, 1992). Water hardness calculated from adding calcium
and magnesium hardness. Total hardness of 275 mg/L from the South Vitro ditch was used to calculate
chronic criteria.

From EPA (1986). Value presented is the lower end of the range of tolerance values for freshwater aquatic life.

eNo state or federal water quality data available. Value presented is the current molybdenum criteria recommended by
the U.S. Fish and Wildlife Service for protection of aquatic organisms except for newly fertilized rainbow trout
eggs which are sensitive to molybdenum concentrates above 0.79 mg/L (Eisler, 1989).

fErom water hardness chronic criteria, state of Colorado (CDH, 1991). Criteria calculated using total hardness
of 275 mg/L.

NM — not measured.

NA — criteria not available.

ND — not detected.

Note: Concentrations in milligrams per liter.
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Table 7.3 Analytes measured in 1979 and 1993 in the Vitro ditches, Salt Lake City,

Utah, site

Vitro ditches

South Vitro

ditch T
Vitro ditch  South Vitro ditch (south end)  (north end) wAa'igf t;f,:éfy

Constituent SLC 12 SLC 10 186 SLC 11 value
Aluminum 0.4 0.02 NM ND 0.087°
Arsenic ND 0.03 NM 0.02 0.19°
Calcium 99 130 64 120 NA
Cadmium ND ND NM ND 0.0025°¢
Chloride 230 420 104 310 2302
Chromium ND 0.02 NM 0.02 0.474°
Copper 0.03 0.03 NM 0.03 0.028¢
fron 0.08 0.02 NM 0.02 1.00°
Potassium 16 40 NM 37 NA
Magnesium 45 47 28 110 NA
Manganese 0.04 0.13 NM 0.16 1.54
Molybdenum 0.02 0.37 0.02 0.24 50 (0.79)¢
Sodium 170 380 80 360 NA
Lead 0.06 0.08 NM 0.08 0.012¢
Selenium ND ND ND ND 0.005°
Silica 9 89 NM 11 NA
Sulfate 210 570 116 570 NA
Strontium NM NM NM NM NA
Uranium 0.005 0.064 0.007 0.018 8.43f

8crom EPA (1991) chronic Federal Water Quality Criteria for the protection of freshwater aquatic life.
bFrom UDEQ {1992) numeric chronic criteria for aquatic life based on a 4-day average concentration.

Criteria should not be exceeded more than once every 3 years on the average.

CWater hardness-related state chronic criteria (UDEQ, 1992). Water hardness calculated from adding calcium

and magnesium hardness. Total hardness of 275 mg/L from the South Vitro ditch was used to calculate

chronic criteria.

dFrom EPA (1986). Value presented is the lower end of the range of tolerance values for freshwater aquatic life.

®No state or federal water quality data available. Value presented is the current molybdenum criteria recommended by
the U.S. Fish and Wildlife Service for protection of aquatic organisms except for newly fertilized rainbow trout

eggs which are sensitive to molybdenum concentrates above 0.79 mg/L (Eisler, 1989).
From water hardness chronic criteria, state of Colorado {CDH, 1991). Criteria calculated using total hardness

of 275 mg/L.

NM — not measured.
NA — criteria not available.
ND — not detected.

Note: Concentrations in milligrams per liter.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
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Table 7.4 Analytes measured in 1979 and 1993 in the sediments at and in the Jordan
River, Salt Lake City, Utah, site

Guidelines for

Jordan River potential effects®
Just At
Confluence upstream confluence
of Mill of Mill of old .
Creek Creek Vitro ditch Upstream of site Lowest Medium
effect effect
Constituent 183P 184 188 SLC® 17 185 level level
Aluminum NM NM NM 51100 NM NA NA
Barium NM NM NM 786 NM NA NA
Calcium 18400 17600 55500 66300 72000 NA NA
Chloride 117 57 220 174 304 NA NA
Chromium NM NM NM NM NM 80 145
Copper NM NM NM NM NM 70 390
Lead NM NM NM NM NM 35 110
tron NM NM NM NM NM NA NA
Potassium NM NM NM 18400 NM NA NA
Magnesium 3670 4140 11500 13700 12500 NA NA
Manganese NM NM NM 512 NM 4604 1100
Molybdenum ND ND ND NM ND NA NA
Radium NM NM NM 3 NM NA NA
Sodium 519 575 1600 10800 1620 NA NA
Selenium ND ND ND NM ND NA NA
Silica NM NM NM NM NM NA NA
Silver ND ND ND NM ND 1 2.2
Strontium 60 48 197 42 272 NA NA
Sulfate 150 ND 116 NM 91 NA NA
Titanium NM NM NM 2870 NM NA NA
Uranium 0.74 0.65 2.1 3.5 2.5 NA NA
aFrom Long and Morgan {1990), except where noted.
bpenote 1993 sample locations. See Figure 2.2 for locations.
°1979 sampling locations.
9From Persaud et al. (1990).
NM — not measured.
NA — guideline not available.
ND — not detected.
Note: All concentrations in milligrams per kilogram.
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Table 7.5 Analytes measured in 1979 and 1993 in the sediments at and in Mill Creek,
Salt Lake City, Utah, site

Guidelines for

Mill Creek potential effects®
Upriver of West of railroad Downstream from
site tracks sewage outfall Lowest  Medium

effect effect

Constituent 180 SLC 18 181 SLC 16 182 level level
Aluminum NM 39600 NM 42400 NM NA NA
Barium NM 419 NM 423 NM NA NA
Calcium 76100 106000 64500 91400 8810 NA NA
Chloride 110 177 807 134 165 NA NA
Chromium NM NM NM NM NM 80 145
Copper NM NM NM NM NM 70 390
Lead NM NM NM 55 NM 35 110
Iron NM NM NM NM NM NA NA
Potassium NM 17400 NM 17600 NM NA NA
Magnesium 11000 12900 10900 12700 13400 NA NA

Manganese NM 358 NM 457 NM 460° 1100
Molybdenum ND NM ND NM ND NA NA
Radium NM 3 NM 11 NM NA NA
Sodium 208 6830 857 7540 1240 NA NA
Selenium ND NM ND NM ND NA NA
Silica NM NM NM 282000 NM NA NA
Silver ND NM ND NM ND 1 2.2
Strontium 190 340 153 ND 83 NA NA
Sulfate 60 NM 184 NM 67 NA NA
Titanium NM 2490 NM 2240 NM NA NA
Uranium 1.3 3.01 1.4 3.5 1.2 NA NA

8From Long and Morgan (1990), except where noted.
bFrom Persaud et al. (1990).

NM — not measured.
NA — guideline not available.
ND — not detected.

Note: All concentrations in milligrams per kilogram.
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Table 7.6 Analytes measured in 1979 and 1993 in the sediments at and in South Vitro
ditch, Salt Lake City, Utah, site

South Vitro ditch

Guidelines for
potential effects?

South end North end Lowest Medium
Constituent SLC 10 186 SLC 11 187 effect level effect level
Aluminum 34800 NM 35800 NM NA NA
Barium 684 NM 2510 NM NA NA
Calcium 52500 69800 9410 81700 NA NA
Chloride 340 250 157 130 NA NA
Chromium 110 NM 50 NM 80 145
Copper 330 NM 23 NM 70 390
Lead 180 NM 210 NM 35 110
Iron 2700 NM 730 NM NA NA
Potassium 15300 NM 25300 NM NA NA
Magnesium 10900 3710 271000 16500 NA NA
Manganese 459 NM 175 NM 460° 1100
Molybdenum 51 6.6 13 236 NA NA
Radium 50 NM 32 NM NA NA
Sodium 781 718 7460 1600 NA NA
Selenium NM ND NM ND NA NA
Silica 330000 NM 350000 NM NA NA
Silver NM ND NM ND 1 2.2
Strontium ND 79 366 227 NA NA
Sulfate NM 99 NM 247 NA NA
Titanium 1910 NM 1530 NM NA NA
Uranium 4.5 3.9 33 4.8 NA NA

2From Long and Morgan {1990}, except where noted.
bFrom Persaud et al. (1990).

NM — not measured.

NA — guideline not available.

ND — not detected.

Note: All concentrations in milligrams per kilogram
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in 1993, indicating there is no site-related contamination in the river sediments
(Table 7.4). The analysis of sediment samples from Mill Creek in 1979 and
1993 indicates the constituent concentrations do not increase at downgradient
locations (sample sites SLC 16 and 182) and there are no elevated site-related
contaminants in the sediments of Mill Creek (Table 7.5).

Sediment samples from the South Vitro ditch had a high concentration of
molybdenum (236 mg/kg) at the north end (sample site 187) and lower
concentrations at the south end (6.6 mg/kg) (sample site 186) relative to levels
in Mill Creek and the Jordan River (Table 7.6). The molybdenum level at
location 187 was much higher than the average for soils in the western United
States (6 mg/kg) (Jarrell et al., 1980) and the suggested maximum acceptable
concentrations of 37 mg/kg for soils at UMTRA Project sites (JEG, 19886).

Molybdenum in the South Vitro ditch sediments could enter the biological
communities via uptake by aquatic benthic invertebrates and/or plants growing
in and near the zone of molybdenum contamination. Limited data indicate that
aquatic invertebrates and freshwater fish, except for fertilized trout eggs, are
very resistant to molybdenum. Adverse effects on the survival of aquatic
invertebrates were observed at 60 mg/L molybdenum while levels of 70 mg/L
were required to induce negative effects in fish. However, fertilized trout eggs
had an LC-50 value of 0.79 mg/L (Eisler, 1989). This information indicates the
molybdenum concentrations in the water of the South Vitro ditch may not pose
an ecological risk to the aquatic resources of the ditch, although further
evaluation should be considered.

Molybdenum is absorbed by plants primarily in the water soluble form (Kubota
et al., 1961). The amount of molybdenum in soils or sediments that is available
to plants varies widely among plant species and soil chemistry. The pH, percent
organic matter, water content, and concentrations of elements such as iron,
phosphate, and sulfate can affect the availability of molybdenum to plants
(Davies, 1956; Kubota et al., 1961). For the South Vitro ditch, a relatively high
concentration of molybdenum is assumed to be available to plants because
higher availability of this element has been documented for waterlogged soils.
This availability occurs as inundation produces reducing conditions that release
molybdenum from iron molybdate (Jarrell et al., 1980). The concentrations of
molybdenum in plants growing in and along the South Vitro ditch were not
measured. The amount of molybdenum in the plants at the north end of this
ditch was estimated by assuming a transfer coefficient from dry soil to plants of
0.12 (NRC, 1977). This coefficient may underestimate the transfer of
molybdenum to plants because, as stated above, more molybdenum may be
transferred to plants from waterlogged soil than dry soil. The estimated
concentration of molybdenum in plants along the ditch is 28 mg/kg, using the
transfer coefficient of 0.12.

According to Jarrell et al. (1980), molybdenum has never been shown to reach
toxic concentrations for field-grown crops. However, it is known to be
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7.3.2

phytotoxic to some agricultural plants at concentrations of 2 to 10 mg/kg
(Kabata-Pendias and Pendias, 1992). If the molybdenum concentration in the
plants along the South Vitro ditch is 28 mg/kg, plant species that are sensitive
to molybdenum toxicity may have been negatively impacted.

Molybdenum has been shown to be toxic to certain animal species; ruminants
such as cattle and sheep are the most sensitive. Generally, 2 to 5 mg/kg of
molybdenum in vegetation represents the upper level of tolerance for these
animals (Erdman et al., 1978). The potential impact of molybdenum on cattle
and sheep is discussed in more detail in Section 7.4. Birds and mammals are
comparatively tolerant to a high dietary intake of molybdenum (Eisler, 1989)
For example, mule deer tolerate 10 times more molybdenum in their diet than
cattle (Jarrell et al., 1980). The molybdenum concentrations in the sediments
at the north end of the South Vitro ditch pose a potential ecological risk to
terrestrial plant and animal communities in the area directly adjacent to the
contaminated sediments; the extent of the elevated molybdenum contamination
along the South Vitro ditch is not known.

Ecological risk associated with plant root transport of contaminants

Plant root transport of contaminants to the surface could occur if roots grew
into the contaminated soil below the clean fill or into the contaminated
unconfined aquifer. Samples of the native material just below the clean fill were
collected from nine locations at the site (Figure 2.2). Twenty-four constituents
were measured in this material and the highest concentrations tended to be in
the north, east, and south ends of the site; the lowest concentrations were
along the western boundary {(sample locations 573, 577, and 578} (Table 7.7).
Data regarding soil concentrations that may be phytotoxic are not available for
13 of these constituents. The remaining ten constituents were compared to soil
concentrations known to be phytotoxic; arsenic, cobalt, molybdenum, and zinc
occurred at levels that could be phytotoxic (Table 7.8). These concentrations
were generally found at the north end (sample location 574), center {location
575), and south end (location 572). The minimum depth of this contaminated
material at the 9 boreholes is 8.5 ft (2.6 m) and the average depth is 12 ft

(3.7 m).

The species composition of the grass/herb-dominated plant community in the
site area is not known but these plants probably have not grown through the fill
material into the underlying material for the following reasons:

e Although some grass and herbaceous plant species can send roots down 4
to 6 ft (1 to 2 m) (e.g., crested wheatgrass and Russian thistle) (Anderson,
et al., 1987; Reynolds, 1990), the contaminated material under the fill
material is believed to be beyond the reach of most grass and herbaceous
plant species.
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Table 7.8 Comparison of deep soil concentrations of contaminants of potential concern
to soil concentrations considered phytotoxic

Deep soil concentrations® Range of levels

Contaminants of (ma/ka) ::;tsc::’:;?c%

potential concern Range Mean {mg/kg)
Arsenic 5-32 16 15-50
Cadmium ND-0.80 0.54 3-8
Chromium 12-21 13 75-100
Cobalt 5-26 9 25-50
Copper 16-49 35 60-125
Lead 7-32 23 100-400
Manganese 182-607 346 1500-3000
Molybdenum ND-12 4 2-10
Nickel 6-19 13 100
Zinc 36-96 65 70-400

dSamples collected from nine locations 8 to 16 ft {2 to 5 m) below land surface.
bPhy‘cotoxicity levels from Kabata-Pendias and Pendias (1992).

Ref.: DOE (1993).
ND - not detected.
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7.3.3

e Plants growing in the site area can access water at shallower depths from
the unconfined aquifer (no deeper than 5 ft [2 m] from the surface) and
irrigation water for the golf driving range.

Because the woody plants and other species growing along the South Vitro
ditch probably obtain water from the ditch, they do not need very deep roots.
Therefore, the contamination in the material below the clean fill at the site is not
considered a pathway into the ecosystem.

The unconfined aquifer occurs within 5 ft (2 m) or less of the surface in some
areas of the site. This water may be utilized by some plants growing in the
grass/herb plant community. The contaminants in this aquifer are potentially
toxic to the plants themselves (phytotoxicity) and may move up the food chain
via herbivores feeding on the plants. The concentrations of contaminants of
potential concern were not measured in plants growing on the site. To
determine if the contaminants of potential concern are phytotoxic, the
concentrations of these constituents in the unconfined aquifer were used to
estimate concentrations in the soil. Published soil-to-plant uptake factors were
used to estimate concentrations that may occur in plants. These concentrations
then were compared with published phytotoxicity data for these constituents.
Plant uptake of the contaminants varies widely among plant species. Other
factors, such as soil characteristics and water chemistry, also can cause wide
variations in plant uptake of specific constituents. This analysis was performed
to provide an order-of-magnitude estimate of the potential phytotoxicity of these
contaminants.

The results of the phytotoxicity analysis indicates estimated concentrations of
molybdenum in the plant tissue equals the low end of levels known to be toxic
to plants (Table 7.9). The estimated concentrations of the remaining
constituents for which phytotoxicity data are available are at least 1 order of
magnitude less than the published toxic levels. Molybdenum concentrations
were not measured in the vegetation at the site. However, the phytotoxicity
analysis indicates molybdenum-sensitive plants may be negatively affected by
the molybdenum concentrations in the shallow unconfined aquifer beneath the
site.

As indicated in Section 7.3.1, terrestrial wildlife species are resistant to
molybdenum’s toxic effects. If molybdenum concentrations in the plants at the
site are 2 to 10 mg/kg as predicted, wildlife is probably not adversely affected.
However, these predicted concentrations could adversely affect cattle and
sheep if they grazed at the site. The potential effects on these species are
discussed in more detail below.

Ecological risk associated with stock ponds and irrigation water

A pond filled with contaminated ground water from the unconfined aquifer is
another hypothetical contaminant pathway into the aquatic and terrestrial
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ecosystem. Fourteen constituents exceed background concentrations in the
shallow unconfined aquifer beneath the site (Table 7.10). These concentrations
were compared to aquatic life water quality criteria; chloride, iron, and silver
levels exceeded these values.

Chloride. The maximum concentration of chloride is 2830 mg/L which is much
higher than the maximum background level (74 mg/L) and the chronic (230
mg/L) and acute criteria (860 mg/L) considered protective of aquatic life (EPA,
1991). Data are not available on the nature and severity of the effects of
elevated chloride on aquatic and terrestrial ecological systems.

Iron. The maximum concentration of iron is 6.5 mg/L which is elevated above
the maximum background level of 0.25 mg/L and the chronic Federal Water
Quality Criteria (FWQC) of 1.0 mg/L. Data are not available on the severity of
the effects of elevated iron on the terrestrial and aquatic ecosystems..

Silver. Other than a concentration of 0.019 mg/L of silver in well 008 in 1991,
silver was not detected in monitor wells at the site until October 1992, when it
was detected in seven of 10 wells sampled. Concentrations in the seven wells
were 1 order of magnitude above the acute toxicity criterion for freshwater
(0.0018 mg/L) and 2 orders of magnitude greater than the chronic aquatic life
criterion of 0.00012 mg/L. The detection limit for silver was 0.01 mg/L so it is
possible that silver levels were above the aquatic life value at wells where silver
was reported as undetected. Therefore, using ground water from the
unconfined aquifer as a source for a pond could cause acute and chronic effects
on aquatic invertebrates and fish. Negative effects could also be expected for
some aquatic plants. For example, some algae had a 96-hour effective
concentration (EC) EC-50 of 0.0026 mg/L while some vascular plants had EC-
50s ranging from 0.27 to 7.5 mg/L of silver (EPA, 1987).

Bioconcentration factors (BCF) for silver in freshwater fish ranged from 11 to
150 while mean BCFs for freshwater invertebrates were 37 to 84 (EPA, 1987).
This indicates that silver could be transported up the food chain and enter the
terrestrial environment in a pond using water from the unconfined aquifer.

Another hypothetical pathway is irrigation with contaminated ground water from
the unconfined aquifer. The criteria protective of plants (EPA, 1973) were
compared to the maximum concentrations for the contaminants of potential
concern (Table 7.9). Such criteria exist for five of the 15 contaminants of
potential concern on Table 7.9; fluoride, iron, manganese, and molybdenum
exceed these criteria. Excessive fluoride levels in irrigation water can reduce
plant yield and the germination. It has also been found that cattle can
accumulate relatively high levels of fluoride in their bones (over 2000 mg/kg of
bone) if they graze on forage high in fluoride. lIron in irrigation water is not likely
to result in plant toxicity. However, iron can decrease the availability of
essential elements such as phosphorous and molybdenum. Manganese levels of
a few tenths to a few milligrams per liter can be toxic to some crops although
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Table 7.10 Constituents that exceed background concentrations in the shallow
unconfined aquifer at the Salt Lake City, Utah, site

Concentration

Water in irrigation
concentrations water
Maximum Aquatic life water protective of protective of

Constituent concentration quality value livestock®? plants?
Barium 0.61 NA NA NA
Calcium 4.26 NA NA NA
Chloride 2830 230° c NA
Fluoride 2.7 NA 2.0 1.0
Iron 6.5 1.0¢ c 5.0
Magnesium 900 NA c NA
Manganese 0.63 1.6 NA 0.2
Molybdenum 0.94 50 (0.79)f NA 0.01
Potassium 228 NA NA NA
Silver 0.041 0.00012? NA NA
Sodium 3160 NA NA NA
Strontium 44 NA NA NA
Sulfate 5560 NA 1000 NA
Uranium 0.27 8.439 NA NA

3From EPA (1973) unless specified otherwise. Irrigation water values shown are
for water used continuously on all soils.

PErom EPA (1991), chronic Federal Water Quality Criteria for the protection of
freshwater aquatic life.

®Determination of concentration protective of livestock not deemed necessary
(EPA, 1973).

dFrom UDEQ (1992): numeric chronic criteria for aquatic life based on a 4-day average
concentration. Criteria should not be exceeded more than once every 3 years on
the average.

®From EPA (1986). Value presented is the lower end of the tolerance range for
freshwater aquatic life.

fvalue from Eisler {1989).

SFrom water hardness chronic criteria (CDH, 1991).

NA - not available.
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7.4

7.5

this toxicity can be reduced by increasing the pH. Molybdenum concentrations
in the unconfined aquifer {(maximum concentration of 0.94 mg/L) would not be
toxic to irrigated plants. The potential negative effect would be on livestock
that fed on the forage irrigated with water from this aquifer.

POTENTIAL IMPACTS TO LIVESTOCK

Livestock do not graze within the site boundary. However, cattle graze just
south of the site and horses are kept west of the site. There are no plans to
allow grazing at the site but livestock could be kept within the site boundary in
the future.

No contaminants of potential concern were identified for the surface water
bodies in the site vicinity. In addition, the constituent concentrations in the
surface water do not threaten livestock. However, molybdenum concentrations
may be elevated in plants along part of South Vitro ditch as a result of
contaminated sediments and elsewhere at the site as a result of contaminated
ground water in the shallow unconfined aquifer. The estimated molybdenum
concentration in plants growing at the South Vitro ditch is 28 mg/kg;
concentrations in plants that may be rooted in the contaminated ground water
are 2 to 10 mg/kg. These concentrations equal or exceed the limits (2 to b
ma/kg) of molybdenum in forage that can be tolerated by cattle (Erdman et al.,
1978). The negative effects of molybdenum can be offset if the ratio of copper
to molybdenum is at least 2 to 1 (Erdman et al., 1978). The estimated copper
concentration in plants rooted in unconfined aquifer is 0.17 mg/kg (Table 7.9)
which means the copper-to-molybdenum ratio is much less than 2 to 1. Cattle
or sheep grazing in the site area could contract molybdenosis. Symptoms of
this disease are severe diarrhea, loss of appetite, discoloration of hair, and
osteoporosis. Molybdenosis can lead to death, and younger animals are very
susceptible (Jarrell et al., 1980).

A hypothetical pathway for contaminants from the unconfined aquifer to enter
the environment would be the construction of a pond which uses this water.
Values that are considered protective of livestock water supplies are available
for 2 of the 15 constituents that exceed background concentrations in the
unconfined aquifer {Table 7.9). Both fluoride and sulfate exceed these values.
Cattle drinking water with as little as 2 mg/L fluoride suffer from tooth mottling
but a much larger increase in fluoride concentrations is required before other
injurious effects are observed (EPA, 1973). Sulfate concentrations are highly
elevated in the unconfined aquifer and consuming this water could result in
diarrhea (Church, 1984).

UNCERTAINTIES OF THE ECOLOGICAL RISK ASSESSMENT
The qualitative evaluation of potential ecological risks presented here is a

screening-level assessment of the risks associated with potential exposure of
plants and animals to contaminated ground water, surface water, and sediment
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at the Salt Lake City site. Sources of uncertainty in any ecological assessment
arise from the monitoring data, exposure assessments, toxicological information,
and inherent complexity of the ecosystem. In addition, methods of predicting
nonchemical stresses (e.g., drought), biotic interactions, behavior patterns,
biological variability (i.e., differences in physical conditions, nutrient availability),
and resiliency and recovery capacities often are unavailable. The Salt Lake City
ecological risk assessment includes the following general limitations:

e Only a small amount of ecological data were collected during this screening.

o General literature values were used in many cases because little is known
about site-specific intake rates for wildlife and the amounts of contaminants
taken up by plants.

o Ecotoxicological reference data are limited.

¢ Considerable uncertainty is associated with the toxicity of mixing
contaminants.

SUMMARY

Surface water sampling from the Jordan River, Mill Creek, and South Vitro ditch
indicates that these waters are not contaminated as a result of uranium
processing at the Salt Lake City site. However, additional sampling during other
seasons is needed to rule out contamination. Site-related contaminants were
identified in sediment samples from these water bodies only in the South Vitro
ditch, where a high molybdenum concentration was encountered at one
location. The molybdenum contamination in these sediments may be negatively
affecting the aquatic organisms in the ditch and the wetland plants adjacent to
the ditch. Based on a transfer coefficient of 0.12, the estimated molybdenum
concentrations in the plants along the ditch could be 28 mg/kg. This level could
be harmful to animals that may be feeding on these plants.

After tailings cleanup, an average of 12 ft (4 m) of clean fill was deposited on
the site. Concentrations of arsenic, cobalt, molybdenum, and zinc in the native
material below this clean fill are at phytotoxic levels. However, it is believed
that few if any plants are sending roots into this material because of its depth
and the availability of water at shallower depths.

Plants may be sending roots into the shallow unconfined aquifer because this
water is available at a depth of 5 ft {2 m) or less in some locations. The
concentrations of potential contaminants in plants rooting in this aquifer were
based on values from the literature. These levels were compared with published
values considered to be phytotoxic, and the molybdenum concentrations in the
ground water were determined to be phytotoxic to some plant species.
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A hypothetical pathway considered was a pond filled with contaminated water
from the unconfined aquifer. It was determined that concentrations of chloride,
iron, and silver would exceed the chronic FWQC while chloride and silver would
also exceed the acute FWQC.

Water from the unconfined aquifer has concentrations of fluoride, iron,
manganese, and molybdenum that are not suitable for livestock. Livestock do
not graze on the site and there are no future plans for grazing. If grazing were
permitted, cattle and sheep could contract molybdenosis because plants
growing on site may have elevated levels of this contaminant. Using water
from the unconfined aquifer in a pond would likely result in water high in
fluoride and sulfate which would have deleterious effects on livestock.
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8.1

8.2

8.0 INTERPRETATION AND RECOMMENDATIONS
RISK SUMMARY

The UMTRCA requires the UMTRA Project 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 Salt
Lake City uranium processing site to evaluate the presence of these hazards.
Because contaminated ground water is not currently used by area residents,
human health is not at risk. However, health risks would be associated with
potential future use of contaminated ground water from the unconfined aquifer
or with the contaminant migration into the confined aquifer that is a current
municipal water source.

The risks associated with future ground water use of the unconfined aquifer for
drinking purposes are unacceptable for sulfate, magnesium, fluoride,
manganese, molybdenum, sodium, and chloride. The sulfate in this water is
potentially in the severe toxicity range for infants following even short-term
exposure. Sulfate levels are associated with severe diarrhea, which could lead
to potentially lethal dehydration. The magnesium concentration in the
contaminated ground water would enhance the severity of sulfate-induced
diarrhea, potentially depressing the central nervous system, especially if the
kidney function was impaired for other reasons. The fluoride levels could result
in dental fluorosis in children. The manganese and molybdenum concentrations
would be associated with the development of mild neurological symptoms and
copper deficiency, respectively. Finally, the sodium chloride level would result
in hypertension. Diarrhea-induced dehydration may enhance the toxicity of
other contaminants, especially magnesium, manganese, and molybdenum.

In addition to human health risks, the concentrations of molybdenum, fluoride,
manganese and iron may limit the potential use of ground water for irrigating
crops and pasture. Sulfate, fluoride, and molybdenum concentrations preclude
watering livestock with contaminated ground water. Concentrations of chloride
and iron in the contaminated ground water are toxic to many aquatic organisms,
precluding its use in a stock pond.

Moreover, high molybdenum concentrations in the South Vitro ditch sediments
may have toxic effects on the aquatic organisms within the ditch and the
wetland plants adjacent to the ditch.

LIMITATIONS OF THIS RISK ASSESSMENT

The following limitations to this evaluation of health and environmental risks
should be noted:

e Uncertainties regarding potential future contamination of the confined
aquifer.
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Uncertainties from ongoing site development.

In general, the results presented in this document are based on filtered (0.45
um) water samples. The effect of filtration differs for different elements.
Constituents in suspension may be lost with filtration, but can still produce
toxic effects if ingested and broken down in the acidic environment of the
stomach. If concentrations of iron and lead measured in the unfiltered
ground water sample from monitor well 131 represent true values, ingesting
this water would be associated with toxic effects from the levels of these
elements. Because a high degree of uncertainty (see Section 3.0} is
associated with these results, they could not be used in this risk evaluation.
Therefore, unfiltered ground water samples should continue to be monitored
for iron and lead to verify these data.

Contaminant toxicities vary from person to person. Presenting probability
distributions (for potential exposure) and exposure ranges that can produce
toxic effects emphasizes these variabilities. However, it is not possible to
account for all sources of variability and still present useful and meaningful
analyses.

Specific subpopulations known to be more sensitive to toxicity of given
constituents are noted. Exposure ranges and distributions for expected toxic
effects enhance understanding of the potential for toxicity occurrence.

Standardized reference values from regulatory agencies and literature values
are used to determine plant uptake, tissue concentrations in livestock, and
toxic effects in humans. These reference values themselves are limited
because first, toxicity, uptake, or bioconcentration data are not available for
all constituents elevated above background at the site. Second, some data
obtained from laboratory animal testing at exposure doses different from
those expected at the site were used to determine toxicity. The relationship
between dose and response is not always linear, and humans do not always
exhibit the same responses as animals. Third, data used to determine
toxicity generally are based on exposure to only the constituent of concern.
In reality, exposures generally occur simultaneously to multiple constituents.
The interactive effects of multiple constituents and the impact of these
interactions on expected toxicity generally cannot be accurately assessed
from existing data.

Although considerable effort was directed at determining contaminated
ground water movement and placing monitor wells in locations that capture
maximal contamination, variability in physical systems and models used to
determine contaminant plume migration couid still result in well placements
that do not measure the highest contaminant concentrations or determine
the fullest extent of plume impact.
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e Variability can be introduced through sampling and analytical processes.
However, the data at UMTRA Project sites have been collected over many
years and subjected to rigorous quality assurance procedures. Testing
multiple samples introduces high confidence in the reliability and validity of
the collected data.

e The drinking water pathway is considered the major determinant of exposure
in this assessment. Although other pathways were screened for humans
and were determined not to contribute significantly to total exposure.
However, the incremental contribution from the ground water-irrigated
produce-ingestion pathway, that could not be estimated here, could be
significant. Therefore, the additivity of exposure from other pathways
should be kept in mind.

¢ The limitations for the Salt Lake City ecological risk assessment include
limited amount of ecological data collected during this screening, little
knowledge about site-specific intake rates for wildlife or amounts of
contaminants taken up by plants, limited ecotoxicological reference data,
and considerable uncertainty associated with the toxicity of mixed
contaminants.

Presenting ranges of toxic effects, probable exposure distributions, summaries
of available data on health effects and interactions, and outlines of potential
limitations ensures a reasonable interpretation of potential health risks
associated with ground water contamination at this site. This assessment
describes contamination and risk as accurately as possible, based on available
data, and conveys areas of uncertainties.

GROUND WATER CRITERIA

In 1983, the EPA established health and environmental protection standards for
the UMTRA Project; in 1987 the EPA proposed revised ground water standards.
The UMTRA Project is required to adhere to the 1987 proposed standards until
final standards are published. The proposed regulations consist of ground water
protection standards to evaluate disposal cell performance and ground water
cleanup standards for existing contamination at processing sites. Table 8.1
summarizes standards for constituents that have proposed maximum
concentration limits (MCL). Because an MCL has not been established for every
contaminant, the proposed standard requires that contaminants without MCLs
meet background levels. The proposed standards also allow the application of
appropriate supplemental standards or alternate concentration limits (ACL).

While these ground water protection and cleanup standards apply specifically to
the UMTRA Project, the EPA has also published drinking water health advisory
levels for long- and short-term exposures to contaminants in ground water
(Table 8.1).
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION
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INTERPRETATION AND RECOMMENDATIONS

Table 8.1 Concentration limits of constituents

Proposed EPA MCL

Health advisories

Health advisories

for UMTRA 10-kg child, 10-day 70-kg adult, lifetime

Constituent {mg/L) (mg/L) {(mg/L)
Chemical (inorganic)
Antimony NA 0.015%P 0.003%b
Arsenic 0.05%b NA NA
Barium 1.0 NA 2
Boron® NA 0.9 0.6
Cadmium 0.01 0.04 0.005
Chromium 0.05 1.0 0.1
Lead 0.05 NA 0.0154
Mercury 0.002 NA 0.002
Molybdenum 0.1P 0.08P 0.04°
Nickel NA 1.0 0.1
Nitrate 44° 44t NA
Selenium 0.01° NA NA
Silver 0.05 0.2 0.1
Strontium NA 25.0 17
Thallium NA 0.007 0.0004
Vanadium NA 0.08 0.02°
Zinc NA 6.0 2
Radionuclide
Radium-226/-228 5 pCi/L
Uranium 30 pCi/LP 0.03 mg/L>8 0.1 mg/Lb-9
{U-234/-238) (0.044 mg/L)

3Exceeded in background well samples.

bExceeded in contaminated well samples.

°Not monitored from 1990 to 1994.

dAction level.

®Equal 10 mg/L nitrate as nitrogen.

fUnder review.

9Proposed value, under review; revision expected in 1995.

NA — not available.
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The following contaminant concentrations in contaminated wells in the
unconfined aquifer have consistently exceeded the EPA-proposed MCLs and/or
the EPA health advisory levels: antimony, arsenic, molybdenum, selenium, and
uranium. Arsenic exceeded its MCL and antimony exceeded its health advisory
level in background well 007. Boron levels were not monitored from 1990 to
1994.

RISK MITIGATION MEASURES

Short-term use of the contaminated ground water from the shallow, unconfined
aquifer below the Salt Lake City former uranium processing site could cause
health effects. The former processing site is in an urban area, adjacent to local
residences. Although water from the affected aquifer is not known to be used
for any purpose, the contaminated ground water may express itself in the South
Vitro ditch.

The preamble to the proposed ground water standards for the UMTRA Project
defines institutional controls as mechanisms that can effectively protect human
health and the environment by controlling access to contaminated ground water
(62 FR 36000). Although the preamble refers to institutional controls for long
periods of time (e.g., up to 100 years during natural flushing), this concept also
can be applied to short-term restrictions of access to ground water. Because all
24 UMTRA Project sites cannot be evaluated simultaneously, institutional
controls may be needed, pending remedial action decisions or during
implementation of remedial action for individual sites.

State of Utah

The state of Utah requires that permits for new ground water wells must be
obtained from the state engineer’s office. The permits ensure that wells are
constructed properly and that the quantity of water withdrawn is acceptable.
The state engineer’s office also has the authority to order repairs, capping, or
plugging for any well to prevent ground water poliution or contamination. This
office also has the authority to bring suit to prevent ground water pollution.

The state of Utah established a precedent when it restricted withdrawal of
ground water. The state engineers’ office has developed a Salt Lake Valley
Ground Water Management Plan that uses the state engineer’s authority to
restrict new withdrawals of ground water to protect ground water quality.

Surface water in the state of Utah is classified by permissible uses (for example,
drinking, swimming, or boating). If a permitted point source threatens the
classification of a surface water body, a National Pollutant Discharge Elimination
System (NPDES) permit would be enforced, the discharge would be cleaned up,
and the classification would be maintained. If adequate information on a
surface water body is not available when a classification is assigned, or if new
information becomes available, the Water Quality Board may reclassify a surface
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water body. However, classification is considered a permanent (not temporary)
water quality assessment. ldeally, ground water classification is upgraded over
time, rather than downgraded because of quality degradation (Wham, 1994).

Risks from surface water contaminated with ground water could be reduced
through public information campaigns. Local health agencies could post
warnings in affected areas and state or local health agencies could initiate press
releases, public service announcements, and direct mailings to affected groups
and persons. This process was carried out in areas where surface water is
contaminated and the contamination may cause adverse health effects in
exposed populations. Human consumption of the wildlife is not advisable, and
the state launched successful public information campaigns to inform affected
groups (including hunters) of the risks associated with the contamination
(Wham, 1994).

Salt Lake City/Salt Lake County

South Salt Lake City’s environmental and health programs are administered
through combined city and county agencies. The Bureau of Water Quality and
Hazardous Waste for Salt Lake City and Salt Lake County has the authority to
assist the state departments of environmental quality and health in notifying
residents about health hazards. In the past, residents were notified through
posted health warnings, press conferences, and press releases (Minor, 1994;
Wham, 1994).

RECOMMENDATIONS

In general, the EPA-proposed ground water standards are sufficient to protect
human health and the environment. However, some risk assessments may
identify site-specific factors that suggest these standards are not appropriate.
When standards are too restrictive, there may be no potential for exposure and
a less restrictive ACL may be sought. In other cases, the standards may not be
sufficiently protective (e.g., if many contaminants near the MCL have additive or
synergistic adverse health effects).

At Salt Lake City, there is no permanent physical barrier to prevent access to
contaminated ground water at the former processing site, and the site is
currently being developed. Therefore, ACLs could not be justified for those
constituents with MCLs. However, for constituents that exceed background but
do not have MCLs, this risk assessment suggests that background levels may be
more restrictive than necessary and ACLs may be considered for these
contaminants.

Sulfate levels would present a serious health risk if contaminated ground water
at this site were used. Sulfate levels within the contaminant plume substantially
exceed levels at which cases of persistent diarrhea leading to dehydration have
been reported in infants. Although the state of Utah monitors ground water use
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near the site, this situation requires the implementation of institutional controls
as soon as possible, regardless of the remedial action strategy pursued.

Monitoring water levels of both the unconfined and the confined aquifers is
recommended and ground water use from the confined aquifer at the site should
be controlled. The confined aquifer could become contaminated if the hydraulic
head in the confined aquifer declines, reversing the direction of flow between
the two aquifers. Large-scale pumping from the on-site city well developed in
the confined aquifer could reverse the vertical gradient, resulting in localized
percolation of water from the shallow-unconfined aquifer into the confined
aquifer.

Extensive irrigation of the present driving range and/or golf course is another
potential pathway for uncontrolled contaminant migration.

The off-site extent and depth of ground water contamination in the unconfined
aquifer should be identified during future characterization and remedial planning
activities by installing monitor wells downgradient (to the west, northwest, and
north). Better characterization of background water quality and surface water
and sediment contamination may also be part of this future field work. One
possible focus of this effort is the molybdenum in South Vitro ditch sediments
and possibly in nearby vegetation. Finally, the wet area east of the site was not
sampled during this ecological risk assessment, although this area should be
considered for screening for future samplings. Ground water monitoring in the
unconfined aquifer should continue; filtered and unfiltered samples should be
collected. Future field plans will describe the sampling locations, analytes, and
frequencies.

This screening level ecological risk assessment identified potential areas of
concern that suggest further study, specifically with regard to silver. Silver
should be included in future sampling and analysis rounds.
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