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ABSTRACT

Site-specific risk assessments commonly result in large amounts of
information that needs to be processed for a wide, often non-scientific, audience
consisting of risk managers, regulators, and other decision makers. For this work
we combined a series of models into a large virtual representation of the study
system. By using a location-based approach, we were able to arrive at a more
accurate determination of risk compared to just a maximum-dose approach.
Caddo Lake at Longhorn Army Ammunition Plant was used to study the impacts
of perchlorate (ClO4) on thyroid hormone secretion in the channel catfish
(Ictalurus punctatus). Two hypothetical contaminant plumes were modeled
accounting for groundwater upwelling into the lake and effluent discharge near
the surface. Results were compared between environmental systems and the three
dosing techniques; maximum dose, time-lapsed maximum dose, and location-
based dose. Perchlorate tissue concentrations for liver, kidney, gill, skin, muscle,
GI tract, and thyroid, as well as thyroid hormone levels and secretion rates were
simulated. We have shown that a standard maximum dose approach vastly
overestimates exposure for individuals and populations. By simulating large
numbers of individuals we are able to achieve low probability extreme events,
thereby limiting the need for uncertainty factors. Through the use of
commercially available graphics software Maya®, we were able to generate 3-
dimensional visualizations of our study site, PBTK model, thyroid hormone
secretion, catfish movement, and contaminant plumes, further aiding in data
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comprehension. This is the first study to generate a 3-dimensional PBTK with
commercially available software, as well as use grid computing and 3-d

visualization for risk assessment.
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CHAPTER 1

INTRODUCTION AND BACKGROUND

Over the last decade, scientists, regulators and the general public have focused on
the issue of perchlorate (ClO,”) contamination in groundwater and surface water. One of
the primary catalysts for this concern is the phasing out of military complexes across the
United States. Before the land can be handed over to civilian control, a risk assessment
must be performed to identify the presence of any contaminants and their potential risk to
the population. As a result of its use in rockets and explosives, as well as the necessity
for regular stockpile renewal, perchlorate contamination is common at military facilities
specializing in the creation and/or disposal of such items. The majority of these facilities
are located in California and the Southwest United States. High water solubility and a
relatively low reactivity level allow perchlorate to be environmentally persistent and
highly mobile. Human health concerns focus primarily on reduced thyroid hormone
levels resulting from inhibited iodide uptake. With the potential for drinking water
contamination and the demonstrated thyroid effects, perchlorate has become a major
pollutant-related health concern.

The purpose of our research was to employ advanced techniques and technology
as a means to improve current risk assessment methodology. The exposure scenarios are

purely hypothetical, and based on data from 2001, prior to the implementation of

perchlorate treatment at the site. It is also important to note that all samples taken from

Caddo Lake, water and biological, have had no measurable levels of perchlorate in them.




While the methodology and models used in this work are valid risk assessment

techniques, this work itself is not a risk assessment of any perchlorate contamination at

Longhorn Army Ammunition Plant (LHAAP) or Caddo Lake.

Site-specific risk assessments commonly result in large amounts of information
that need to be processed for a wide, often non-scientific, audience consisting of risk
managers, regulators, and other decision makers. For this work we combined a series of
mathematical computer models into a large virtual representation of our study system.
By using a location-based approach, we were able to arrive at a more accurate
determination of risk compared to just a maximum-dose approach. LHAAP and Caddo
Lake were used to study the impacts of perchlorate on thyroid hormone secretion in the
channel catfish (Ictalurus punctatus). While there have been no measurable perchlorate
concentrations in the lake system we simulated, we set out to test new risk assessment
methodology, not conduct an actual risk assessment. The exposure scenario modeled
accounted for groundwater upwelling into the lake and effluent discharge near the
surface. Results were compared between the three dosing techniques; maximum dose,
time-lapsed maximum dose, and location-based dose. Perchlorate tissue concentrations
for liver, kidney, gill, skin, muscle, GI tract, and thyroid, as well as thyroid hormone
levels and secretion rates were simulated using a physiologically based toxicokinetic
(PBTK) model. Through the use of the commercially available graphics software
Maya®, widely known for its use in movie special effects, we were able to generate 3-
dimensional visualizations of our PBTK model, thyroid hormone secretion, plume

movement, study site, and catfish movement, further aiding in data comprehension. This



study shows the use of technological and computational advancements to generate more

realistic and understandable risk assessment scenarios.

1.1 Chemical Profile

Perchlorate salts have had a wide array of uses over time, ranging from military to
medical (Table 1.1, US EPA 1998). The main use of ammonium perchlorate has been in
rocket motors where it is the oxidizer and primary ingredient by mass in solid propellant.
A standard solid propellant rocket contains 65-75% ammonium perchlorate by weight,
30% metal fuel (usually aluminum), an organic binder (e.g., hydroxyl-terminated
polybutadiene (HPTB), carboxyl-terminated polybutadiene (CTB), or polybutadiene
acrylonitrile acrylic acid), a curing agent, and additional mission specific components
(Sutton and Biblarz 2001). Potassium perchlorate (KC1O4) and sodium perchlorate
(NaClQ,) are also used on occasion, however this is very rare. Because of a limited shelf
life, perchlorate must be regularly flushed out and replaced with a new supply, leading to
massive disposal requirements. The U.S. Air Force Space and Missile Systems Center
and the Aerospace Corporation identified the following missile and space launch
facilities as potentials perchlorate sources from flight operations; Vandenburg Air Force
Base (VAFB), Cape Canaveral Air Force Station (CCAFS), Kodiak Launch Complex
(KLC), Central Pacific Island Broad Ocean Area near the Kwajalein Missile Range
(KMR), and other broad ocean areas (BOA) in the Atlantic and Pacific Oceans (U.S.
Dept. Air Force 2001). During launch operations the solid fuel and oxidizers are fully

burned prior to spent motors being dropped in the ocean. Currently, spent solid rocket



boosters are retrieved by the National Aeronautics and Space Administration (NASA)
Shuttle operation at Kennedy Space Center, the only U.S. program to do so (Lang et al.
2001).

Concern was raised in 1998 that chemical fertilizer was a potential source of
perchlorate contamination (TRC Environmental Corporation 1998); this was
subsequently refined to fertilizers containing Chilean caliche (Urbansky 2000; U.S. EPA
2001a,b; Urbansky and Collette 2001). Recent modifications to production methods,
however, have eliminated this potential source.

Ammonium perchlorate dissociates in water to form perchlorate:

NH,CIO4 (s) — NH," (aq) + ClOs (aq)  (eq. 1.1)

Once formed, perchlorate possesses a tetrahedral geometry with the four oxygen
molecules surrounding the chlorine atom (Figure 1.1). Because of its low charge density,
perchlorate exhibits limited affinity for cations, which in turn leads to high solubility. As
a result of limited sorption and natural chemical reduction properties, perchlorate
possesses high mobility and environmental persistence within groundwater and surface
water. Some bacteria have been shown to possess reductases that allow them to use
perchlorate as an oxidant in anaerobic metabolic pathways (Coates et al. 1999, 2000;

Logan 1998, 2001; Nzengung and Wang 2000; Urbansky 1998).



1.2 Animal Studies

Mammalian studies of perchlorate exposure go as far back as the 1950s, primarily
related to its therapeutic uses. Transfer of perchlorate across the placenta and resulting
fetal goiter was shown in guinea pigs in 1957 (Postel 1957). In 1972 the reduction of
iodide transfer through cow milk resulting from perchlorate exposure was quantified
(Lengemann 1972). Male Fisher rats with a dietary intake of 1000 mg/L for 140 d
showed increased thyroid weights and blood levels of thyroid stimulating hormone (TSH)
and related decreases in plasma thyroxine (T4) (Hiasa et al. 1987). Male Sprague-Dawley
rats exhibited a dose-dependent increase in TSH and decrease in triiodothyronine (T3)
and T, following a 4-d exposure to 50, 100, and 500 mg/L potassium perchlorate in their
drinking water (Ménnisto et al. 1979). Another study on Sprague-Dawley rats exposed
through drinking water, this time with ammonium perchlorate, found significant changes
in thyroid hormone levels in blood as well as histopathological effects at 10 mg/kg/day
(Siglin 2000). There was no effect on male sperm parameters or female estrous cycle and
all demonstrated effects were reversible after 30 days of nontreatment. York et al.
(2001a) strengthened these results when they found no evidence of reproductive toxicity
with doses up to 30 mg/kg/d. The same researchers found no evidence of developmental
toxicity in New Zealand White Rabbits exposed to doses as high as 100 mg/kg/d in

drinking water at gestation days 6 through 28 (York et al. 2001b).






