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CHAPTER I 

INTRODUCTION 

Researchers have been able to identify and quantify perchlorate in water, 

sediment, and soil samples at concentrations in the low ug/L range due to recent advances 

in analytical chemistry techniques (Hautmarm et al., 1999). As a result of these improved 

analytical capabilities, there has been data produced which suggests widespread ground 

and surface water perchlorate contamination. Such ground and surface water perchlorate 

contamination has occurred in many states, including but not limited to Texas, California, 

and Utah (US EPA, 1998). Perchlorate contaminated ground and surface water has been 

linked to the development, testing and manufacture of military materials. In particular, 

ammonium perchlorate is an oxidizer that is used to produce solid rocket propellant, 

rockets, missiles, and fireworks (Hare, 2000). 

Perchlorate salts (e.g., ammonium, sodium, potassium, and magnesium) readily 

dissociate into the perchlorate anion upon dissolving in water (Urbansky, 1998). The 

solubilized perchlorate anion moves through envirormiental systems readily as it weakly 

absorbs to soil minerals. 

Perchlorate's presence in the environment is a major health concern because 

perchlorate has been shown to affect thyroid function (Wolf, 1998). Specifically, 

perchlorate has been shown to inhibit thyroid function in amphibians, reptiles, and 

mammals. Perchlorate inhibits iodide uptake into the thyroid gland, decreasing thyroid 

hormone output, eventually leading to increased secretion of thyroid stimulating hormone 

from the pituitary gland (Wolf, 1998). Thyroid hormones have a diverse set of effects on 



growth, development, and metabolic processes of many different biological tissues 

(Becker et al., 1995). The majority of perchlorate toxicity studies have focused on 

thyroid hormone levels and morphology (Wolf, 1998). However, reproductive, 

neurodevelopmental, developmental, immunotoxic, and carcinogenic endpoints have 

been studied as well (Hare, 2000). 

The Longhom Army Ammunition Plant (LHAAP), located in East Texas, has a 

history of rocket fuel production and rocket engine test firing, which are the source of 

perchlorate contamination on the site. Many locations on the site were directly involved 

with perchlorate handling, maintenance, and detonation. Sample (e.g., water, sediment, 

and vegetation) collection on the site had perchlorate concentrations ranging fi-om <DL 

(detection limits) to 1,030,000 parts per billion (ppb) (Smith et al., 2001. Therefore, it 

was suggested that perchlorate is potentially bioavailable to both aquatic and terrestrial 

organisms on the LHAAP site. 

Raccoons were chosen to evaluate perchlorate exposure and effects on large 

mammals inhibiting the LHAAP site. This decision was based on the food items a 

raccoon consumes and how closely raccoons integrate the terrestrial/aquatic interface. 

Blood samples were collected from trapped raccoons on the LHAAP firom March 2000 to 

May 2001. Samples were analyzed for perchlorate residues and thyroid hormone 

concentrations. 



CHAPTER II 

BACKGROUND 

Sources of Perchlorate 

Perchlorate occurs naturally in certain geologic deposits (Schilt, 1979), and is 

produced as an oxidant for industrial, research and commercial applications. Natural 

sources of perchlorate salts, including potassium and sodium perchlorate, have been 

reported in natural Chilean nitrate deposits (Schilt, 1979). One major source of 

contamination is the manufacture of ammonium perchlorate for use as an oxidizer in 

sohd propellant of rockets, missiles, and fireworks (Hare, 2000). Manufactured 

perchlorate has a wide variety of uses as an additive, including lubricating oils, tanning 

and finishing leather products, and in the production of paints and enamels (Hare, 2000). 

In addition, perchlorate salts are a component of air bag inflators, nuclear reactors, and 

electronic tubes (Hare, 2000). 

Large-scale production of perchlorate salts began in the 1940s (Fisher et al., 

2000). Ammonium perchlorate (NH4CIO4) salt is the major ingredient (70-75%) in solid 

rocket propellant used by the Department of Defense (DoD) and NASA (US EPA, 1998). 

Ammonium perchlorate is very soluble and dissociates into ammonium (NH4*) and 

perchlorate ions on dissolving in water (Urbansky, 1998). Removal and recovery of 

solid rocket propellant firom rocket motors is achieved by a high-pressure washout (US 

EPA, 1998), resulting in the aqueous solufions containing concentrations of ammonium 

perchlorate. The primary areas in which perchlorate has been detected in ground and 



surface waters are those linked to the development, testing and manufacture of military 

materials. 

Environmental Fate 

Perchlorate has been detected in ground, drinking and surface water in many 

states (including, but not limited to, Arizona, California, Utah, and Texas) (Renner, 

1999). Perchlorate concentrations have ranged from ND to 3.7 mg mL"' in ground and 

surface waters throughout the United States (Urbansky, 1998). 

Perchlorate has been detected in water sources near missile test sites and other 

facilities that have manufactured or tested solid rocket fuel (US EPA, 1998). Removal of 

solid rocket motor propellant by high-pressure washout, open burning or detonation and 

manufacturing wastewater discharge are the main sources of perchlorate contamination in 

the environment (US EPA, 1998). 

Perchlorate exists in solution as a free anion or can exist in the envirormient as a 

salt in combination with metals or other compounds (Urbansky, 1998). Perchlorate salts 

are highly soluble and dissociate to the ion readily when in contact with water (Urbansky, 

1998). Perchlorate is a poor complexing agent, weakly absorbs to soil minerals and is 

highly mobile in groundwater systems (Cotton et al, 1987). Most fate processes, such as 

photolysis or hydrolysis, do not degrade perchlorate (Urbansky, 1998). The oxygen 

chlorine bond of the perchlorate is highly stable and cannot be broken without a 

significant input of energy (Urbansky, 1998). 

Remediation of perchlorate is possible via biological and chemical techniques 

(Urbansky, 1998). Many bacteria, such as Staphylococcus epidermis and Proteobacteria 



have been shown to posses the ability to reduce perchlorate (Riklcen et al., 1996). 

Remediation occurs by the sequential reduction of perchlorate to chloride (Urbansky, 

1998). Nitrate reductases are enzymes involved in nitrate reduction and have been linked 

to the reduction of perchlorate (Schilt, 1979). Staphylococcus epidermis is capable of 

reducing perchlorate in the absence of nitrate, but it is considered to be pathogenic and a 

source of nosocomial infections (Archer, 1995). Wolinella succinogenes HAP-1 has also 

been shown to metabolize perchlorate to chloride (Hurley et al., 1996). However, it is 

suggested that Wolinella succinogenes HAP-1 remediation is effective only on media 

with high perchlorate concentrations because it does not have an effect on lower 

perchlorate concentrations (below 0.5 ^g mL"̂ ) (Wallace et al., 1996). 

Thyroid Physiology 

Perchlorate is known to affect thyroid physiology (tissue integrity and hormone 

production) and been used in the past to treat hyperthyroidism (e.g.. Graves disease) 

(Becker et al , 1995). As a result, perchlorate studies typically include thyroid hormone 

and histological endpoints. 

The thyroid gland in most animals is located immediately below the larynx and 

anterior to the trachea. It secretes thyroxine (T4) and triiodothyronine (T3), two hormones 

that play an important role in metabolism (Guyton, 1986). The thyroid secretes about 90 

percent T4 and 10 percent T3; however, in the blood and peripheral fissues a considerable 

amount of T4 is converted to T3 (Guyton, 1986). T3 and T4 differ in potency and speed of 

action. T3 is four times as potent as T4 in stimulating metabolism and causing other 



intracellular effects, present in smaller quantities and remains in the blood for a shorter 

time than T4 (Guyton, 1986). 

Iodide is readily accumulated by, and concentrated in, the thyroid from the blood, 

where typical concentrations of iodide are low (10"̂  to lO'V), and the concentration of 

chloride ions are 0.01 to 0.1 M. The thyroid can attain intrathyroidal concentrations up to 

several hundred-fold those of the external medium (Becker et al., 1995), a process 

referred to as "iodide trapping" (Guyton, 1986). This is accomplished by concentrating 

iodide against an electrochemcial gradient by a carrier mediated mechanism, the 

sodium/iodide symporter, driven by adenosine triphosphate (ATP) (Becker et al, 1995). 

Through cotransport, approximately two sodium cations (Na"̂ ) drive one iodide ion 

against the electron gradient into the cell. This is the rate limiting step in thyroid 

hormone synthesis and under control of thyroid stimulating hormone (TSH). It should 

be noted that the salivary glands, gastric mucosa, choroid plexus, and mammary glands 

may also concentrate iodide, but only in the thyroid can thyroid hormones be metabolized 

fi-om concentrated iodide. Iodide in saliva and gastric juice is reabsorbed through the 

small intestine. 

Iodide ions trapped within thyroid cells must be oxidized before the next step of 

thyroid hormone synthesis (Norris, 1997). This reaction is catalyzed by the enzyme 

thyroid peroxidase (TPO), which has a form of auto-regulation. An increase in available 

iodine within the cell limits TPO activity and thyroid hormone synthesis will not occur if 

the TPO system is blocked or absent firom the thyroid cell (Harvey et al , 1999). 

Synthesis of T3 and T4 are dependent on the formation and secretion of 

thyroglobulin by the endoplasmic reticulum and the Golgi apparatus (Guyton, 1986). 



Thyroglobulin contains tyrosine molecules which bind with oxidized iodine through a 

process called organification (Norris, 1997). An iodinase enzyme makes this a rapid 

process; iodide binds with approximately one sixth of the tyrosine molecules contained 

within the thyroglobulin as soon as a thyroglobulin is released from the Golgi apparatus 

(Becker et al, 1995). 

Thyroid hormone synthesis occurs over successive stages of iodination of tyrosine 

and ends with the formation of triiodothyronine and thyroxine. Tyrosine is iodized to 

monoiodotyrosine and then diiodotyrosine (Harvey et al , 1999). Two diiodotyrosine 

molecules couple to one another to form thyroxine (T4). Triiodothyronine (T3) is formed 

when one molecule of monoiodotyrosine couples with one molecule of diiodotyrosine 

(Harvey e ta l , 1999). 

At the conclusion of thyroid hormone synthesis each thyroglobulin molecule 

contains an average of 1 T3 molecule for every 5 to 6 T4 molecules (Guyton, 1986). 

Thyroglobulin is not released into the circulatory system, rather T3 and T4 are cleaved 

from the thyroglobulin molecule by proteinases, relezising fi-ee T3 and T4 hormones which 

then diffuse through the thyroid cell into the surrounding capillaries (Guillette and Grain, 

2000). T3 and T4 are stored in thyroid follicles with concentrations sufficient for a one to 

three month supply (Guyton, 1986). 

Upon entering circulation, T3 and T4 are reversibly bound to transport proteins 

synthesized by the liver (Becker et al, 1995). Transport proteins provide a buffered, 

stable plasma pool and a homogenous distribufion of fi-ee hormone during capillary 

transport. Transthyretin (TRR) is a transport protein that has a low affinity for T3 and T4, 

thereby playing a role in delivering iodothyronines to tissues. Other transport proteins 



have higher binding affinities, such as Thyroxine Binding Globulin, release T3 and T4 at a 

much slower rate enabling them play a role in providing a stable hormone reservoir in 

plasma. 

T4 is metabolized in blood and peripheral tissues by sequential removal of iodine 

atoms (Guillette and Grain, 2000). This process is enzymatic and referred to as 

sequential deiodination. First, the iodine at one of the four positions on T4 is replaced 

with a hydrogen atom. Then, further iodine atoms are removed, resulting in thyronines 

with two, one and finally no iodine atoms. 

A specific feedback mechanism in the body maintains normal levels of thyroid 

hormones (Norris, 1997). The rate of secrefion of T3 and T4 fi-om the thyroid is 

controlled by the hypothalamus and anterior pituitary gland (Becker et al, 1995). 

Thyroid Stimulating Hormone (TSH), also known as thyrotropin, originates fi-om the 

pituitary and acts on the thyroid to increase its secretion of T3 and T4 (Becker et al, 

1995). Thyrotropin release is stimulated by thyrotropin releasing hormone (TRH), 

originating from the media eminence of the hypothalamus and travels to the pituitary via 

the hypothalamo-hypophysial portal system (Harvey et al, 1999). TSH specifically 

effects the thyroid gland by increasing thyroglobulin proteolysis, increasing iodide pump 

activity (increasing iodide trapping rate), increasing tyrosine iodination and coupling, 

increasing thyroid cell size and secretory activity, and increasing thyroid cell numbers 

(Guyton, 1986). Cells in the hypothalamus and pituitary gland respond to circulating T3 

and T4, such that when thyroid production levels are high, there is a signal to reduce 

output of TRH and TSH. Conversely, when thyroid hormone levels are reduced, the 

pituitary is prompted to deliver more TSH to the thyroid to increase output of T3 and T4. 



When T 5 and T4 concentrations in the circulating blood rise 1.75 times their normal 

amount, TSH secretion rate decreases to almost zero (Norns, 1997). 

TSH can also affect follicular cells through over-stimulation. Follicular cells in 

an inactive (or stimulated) state are squamous and thyrotropin can cause these cells to 

assume a cuboidal or even columnar shape (Norris, 1997). This increase in cellular size 

due to increased cellular growth is referred to as hypertrophy. Chronically stimulated 

thyroid glands may exhibit hyperplasia, in increase in cellular numbers due to mitotic 

divisions by the stimulated cells. Both of these conditions can lead to goiter (Becker et 

al , 1995). 

The importance of maintaining a healthy thyroid is reflected in the diverse effects 

thyroid hormones have on growth, development, and metabolic processes of many 

different biological tissues. For example, thyroid hoi-mones have a profound effect on 

basal metabolic rate, cardiac, and hepatic functions in adults, and are cmcial for brain 

development in the neonate and important for linear growth and bone differentiation in 

the neonate and adolescent (Becker et al , 1995). They have specific effects on 

carbohydrate, lipid and protein metabolism and are involved in the body's response to 

heat/cold stressors (Norris, 1997). As such, they can increase oxidation rate of glucose 

thereby increasing metabolic heat, increasing basal metabolic rate. A secondary effect of 

increasing glucose oxidation is an increase in fat hydrolysis. 

Gonad development and fimction are also affected by fluctuating thyroid levels. 

Hypothyroidism can cause delayed sexual maturity such as reduced ovarian weight, 

irregular ovarian cycles and low androgen synthesis (Becker et al, 1995). 



Hyperthyroidism can cause irregular menses, gynecomastia, and decreased fertility 

(Becker e ta l , 1995). 

Toxicity of Perchlorate 

Perchlorate interferes with thyroid function and has been used pharmacologically 

to treat hyperthyroidism as it decreases the active transport of iodide into the thyroid 

through competitive inhibition of the sodium-iodide symporter (Stanbury, 1952). As a 

result, less iodide enters the thyroid causing in a decrease in the synthesis and secretion of 

T3 and T4 by competitively inhibiting iodide uptake in the thyroid gland (Wolff, 1998). 

This hypothyroid state stimulates an increase in the production of TSH from the 

hypothalamus and pituitary feedback loop. As a result, the majority of perchlorate 

toxicity studies have focused on the effects of perchlorate on the morphology and 

physiological function in the thyroid gland (Fisher et al, 2000). Typical endpoints 

include thyroid hormone concentrations (T3, T4, and TSH levels) and thyroid histology 

(colloid characteristics, follicular cell hypertrophy, hyperplasia, and adenomas) (Marm, 

2000). Other endpoints have been studied as well, including reproductive (rodents, 

rabbits and guinea pigs), neurodevelopmental (rodents), developmental (morphology of 

rodents, rabbits, guinea pigs, and fi"ogs) immunotoxicity (rodents), and carcinogenecity 

(rodents) (Postel, 1957; York et al , 2001b; Siglin, 2000; Goleman et al, 2002). 

LC50, LD50, and growth rates (vegetation) have been determined for terrestrial and 

aquatic perchlorate exposed organisms. Rainbow trout were reported to have an LC50 of 

400,000 ppb and an LC50 of 1,655,000 ppb was reported for fathead minnow {Pimphales 

promelas) (US EPA, 1998). An LC50 of 73,000 to 940,000 ppb has been reported for 
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daphnia {Dahphnia magna) (Von Burg, 1995). Perchlorate concentrations of 4,450 

mg/kg were lethal to 50% of earthwomis {Eisenuifoetula) exposed for 14 days (Von 

Burg, 1995). Effects of perchlorate on vegetation (rye grass, cotton, lettuce and 

soybeans) are varied. Lettuce growth was inhibited at 41 to 78 mg/kg , in soil, while rye 

grass and cotton growth were inhibited at 0.055 mg/kg in soil (Von Burg, 1995, U.S. 

EPA, 1998). 

In addition to mammalian, aquatic, and vegetation studies, there have also been a 

number of investigations into human population responses to perchlorate exposures 

(Lamm and Doemland, 1999; Lamm et al , 1999). Human investigations have focused on 

adult, newborn and fetal toxicity (Lawrence et al, 2000; Brechner, 2000). Occupational 

and area water supply exposures have both been investigated to assess perchlorate's 

human effects (Lamm et al, 1999). 

Human Epidemiological Studies 

Numerous studies have attempted to evaluate the threat of perchlorate on human 

health. An occupational health study was conducted to determine if workers with long-

term exposure to perchlorate through airborne particulate matter ranging from 0.004 to 

167 mg per day showed any adverse thyroid function (Lamm et al, 1999). Clinical 

examination of the thyroid glands of all participants revealed no significant thyroid 

abnormalities, and the study reported a no adverse effect level on thyroid function and 

hematotoxicity at doses of 34 mg perchlorate per day (Lamm et al, 1999). 

Congenital hypothyroidism occurs when matemal and fetal thyroids are unable to 

supply the fetus with adequate levels of thyroid hormones (Lamm and Doemland, 1999). 
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A study comparing TSH levels in human newborns found that median TSH levels were 

significantly higher in individuals from perchlorate-contaminated areas than those in 

areas not contaminated with perchlorate (Brechner, 2000). Another study of human 

newborns investigated the effects of congenital hypothyroidism where perchlorate had 

been detected in the range of 4 to 16 ppb (ug/L) in the water supply, but found no 

increase in the rate of congenital hypothyroidism (Lamm and Doemland, 1999). It has 

been pointed out that Lamm and Doemerland's endpoint of congenital hypothyroidism is 

not as sensitive a measurement as newborn TSH concentration levels (Brechner, 2000). 

While perchlorate studies have shown the effect of perchlorate on newborns and 

developing fetuses thyroids there have also been investigations into perchlorate's affects 

on adult human thyroid systems. Lawrence et al. (2000) found that low doses of 

perchlorate (lOmg/d) administered for 14 days in drinking water to human males did not 

affect circulating thyroid hormone and TSH concentrations but did significantly decrease 

the thyroid l'̂ ^ uptake. The findings were consistent with the predicted outcome; the two-

week exposure period was not long enough to cause a release of stored hormones but was 

sufficient to cause a decrease in thyroid l''^ uptake, due to competitive inhibition of 1 

with perchlorate. 

Mammalian Laboratory Studies 

Thyroid hormones play a similar role in wildlife as they do in humans (Kendall et 

al , 1998). Administration of perchlorate to rodents through drinking water is the typical 

animal model for perchlorate adsorption, distribution, metabolism, and excretion studies. 

Aspects of perchlorate exposure in rodents, which have been investigated, include 
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perchlorate elimination rates, reproductive and developmental effects as well as the 

typical thyroid histological and hormone endpoints. Male Sprague-Dawley rats were 

administered potassium perchlorate for 4 days via drinking water at concentrations of 10, 

50, 100 and 500 mg/1 and evaluated for effects (Mannisoto et al, 1979). TSH increased, 

and T3 and T4 decreased in a dose-dependent manner beginning at 50 mg/1 (Mannisoto et 

al , 1979). Male Fisher rats exposed to 1000 ppm potassium perchlorate through their 

diet for 140 days, had increased thyroid weights, increased TSH and decreased T4 

concentrations (Hiasa et al, 1987). 

Additionally, perchlorate's effects on reproductive and immune systems have 

been studied. Sprague-Dawley rats were evaluated for effects after ammonium 

perchlorate was administered for 14 or 90 days via drinking water at dosage levels of 

0.01, 0.05, 0.2. 0.1 and 10.0 mg/kg/day (Siglin, 2000). The study investigated 

ammonium perchlorate induced effects on serum hormone concentrations (T3, T4, and 

TSH), bone marrow micronucleus formation, female estrous cycles and male sperm 

parameters. With respect to survival, clinical consumption, ophthalmology, hematology, 

clinical chemistry, estrous cycling, sperm parameters and bone marrow micronucleus 

formation, no meaningful differences were observed between control and ammonium 

perchlorate treated groups. The 10 mg/kg/day test group was characterized by an 

increase in thyroid weights and follicular cell hypertrophy with microfoUicle formation 

and colloid depletion for 14 and 90 days of exposure. These changes were reversible 

after a nontreatment recovery period of 30 days. Statistically significant changes in 

thyroid hormones concentrations (T3, T4 and TSH) were observed at all tested dosage 

levels. 

13 



Developmental and reproductive effects of perchlorate on rats, guinea pigs, and 

white rabbits have been investigated. A toxicity study conducted on New Zealand white 

rabbits evaluated the potential of ammonium perchlorate to cause embryo-fetal toxicity 

and teratogenic effects (York et al, 2001b). Pregnant rabbits consumed doses of 0, 0.1, 

0.9, 10, 30.3, and 102.3 mg/kg/day for days 6 through 28 of gestation. No matemal 

deaths were attributed to perchlorate exposure and litter averages for implants, litter sizes, 

live and dead fetuses, fetal body weights and corpora lutea did not differ significantly 

between the dose groups. An increase in thyroid follicular hypertrophy was observed at 

doses of 10 mg/kg/day and above and T4 significantly decreased at doses of 30 

mg/kg/day and higher. The study concluded that the matemal NOAEL (no observable 

adverse effect level) was 1 mg/kg/day and the developmental NOAEL was 100 

mg/kg/day for white rabbits. 

Pregnant guinea pigs (Postel, 1957) and pregnant rats (Brown-Grant and 

Sherwood, 1971) were exposed to perchlorate through drinking water and observed for 

developmental, reproductive, and thyroid abnormalities. Thyroid enlargement was 

observed in guinea pig fetuses (Postel, 1957), and an increase in fetal and matemal 

thyroid weights with no effect on blastocyst survival or implantation was observed in rats 

(Brown-Grant and Sherwood, 1971). A recent study investigating two-generational 

effects on Sprague-Dawley rats concluded that even at doses as high as 30 mg/kg/day, 

perchlorate (oral administration via drinking water) was not toxic to the reproductive 

system (no effect on fertility, gestation, fetus viability, pup weight) (York et al, 2001a). 

Perchlorate did, however, cause a statistically significant, dose-dependent change in 

thyroid weight, histopathology and hormone levels in all generations, which is consistent 
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with prior studies on rats, guinea pigs, and rabbits. In contrast, a study, conduced on deer 

mice, orally dosed ammonium perchlorate at concentrations of 0, InM, 1 uM and ImM 

indicated reduced pup weight, increased length of time from cohabitation to parturition, 

and a 10% reduction in conception rate in the ImM group compared to control values 

(Thuett, 2000). 

Hypertrophy and hyperplasia of thyroid tissue have been associated with 

perchlorate exposure, presumably due to an induced increase in TSH levels (York, 2001). 

Excessive and prolonged elevated TSH levels may result in cell proliferation and 

subsequent hyperplasia (Hooth, 2001). Neoplasms of the thyroid may eventually develop 

in cases where there is excessive stimulation of TSH by the thyroid gland. An extremely 

high potassium perchlorate dosage (1000 mg/kg/day for two years, via drinking water) 

developed neoplasms in rats (Kessler and Krunkempr, 1996). 

In mammals, hypothyroidism in the mother during development of the fetal 

central nervous system can lead to cretinism, a type of mental retardation, thus thyroid 

hormones are essential to the development of the central nervous system in the 

embryonic and newly bom (neonatal) organism. A U.S. EPA study (1998) found that 

changes in brain size in neonatal animals occurred at matemal doses of 10 mg/kg/day, 

and that matemal doses of 3 and 10 mg/kg/day caused behavioral changes in 14-day-old 

neonates (measured as motor activity). While the U.S. EPA considered these changes to 

be biologically significant (potentially indicative of neurodevelopment toxicity) it did not 

consider them statistically significant. 

Perchlorate elimination rates have been the subject of several rodent studies. 

Studies have shown that once perchlorate is absorbed in the body, it is fi-ansported via the 
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blood to the thyroid before it is excreted pnmarily in the urine (Wolff, 1998). Perchlorate 

is eliminated from the body quickly, with peak blood levels at three hours following oral 

intake and a half-life of 8 to 20 hours in rodents (Wolff, 1998). 

Amphibians 

Perchlorate induced developmental abnormalities in amphibians have been 

investigated. In certain amphibian species, perchlorate has caused toxicity in embryos 

and inhibition of metamorphosis. Ammonium perchlorate has been found to inhibit 

forelimb emergence, hindlimb development and tail resorption in the South African 

clawed-frog embryo and larvae {Xenopus laevis) following a 70-day exposure period 

(Goleman et al , 2002). Such developmental abnormalities have been linked to changes 

in T3 and T4 tissue concentrations (Niinuma et al, 1991; Goleman et al, 2002). 

Perchlorate Regulations 

In 1997, the EPA initiated a perchlorate toxicity study after California regulators 

found low levels of perchlorate in drinking water. California was forced to shut down a 

number of drinking water supplies and set provisional action level of 18 ppb based on a 

reference dose set by the EPA. Utah and Nevada soon followed California's lead in 

establishing perchlorate action levels. 

Perchlorate is hsted, under hazard class 5.1, as an oxidizer under hazardous 

materials regulations (49 C.F.R. § 172.101 (a)).The Occupational Safety and Health 

Administration (OSHA), hsted ammonium perchlorate as a highly hazardous chemical as 
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it provides a "potential for a catastrophic event at or above the threshold quantity (7500 

lbs.)" (29 C.F.R. § 1910.119, App. A). 

The Safe Water Drinking Act (SWDA) requires the U.S. EPA to set maximum 

levels for contaminants in water delivered to users of public water systems (especially 

underground sources) (42 U.S.C.A. § 33(f)(j)). The Office of Ground Water and 

Drinking Water, located within the EPA, develops National Primary Drinking Water 

Regulations, which are known to or anticipated to occur in public water systems. 

Perchlorate was added to the Contaminant Candidate List in 1998. As such, it was 

identified as a contaminant in which additional research was needed in areas of health 

effects, treatment technologies, and analytical methods. In 1999, the EPA began to 

monitor perchlorate under the Unregulated Contaminant Monitoring Rule (UCMR). 

Under the UCMR, all large public water systems and a few small public water systems 

are required to monitor perchlorate to determine whether the public is exposed to 

perchlorate in drinking water nationwide (42 U.S.C. § 300J-4). 

If the EPA through research and emerging information adds perchlorate to the 

SDWA a maximum contaminant level goal (MCLG) and a maximum contaminant level 

(MCL) will be set (42 U.S.C. § 300g-l). MCLGs are to be set a the level at which "no 

known or anticipated adverse effects on the health of persons occur and which allows an 

adequate margin of safety" (42 U.S.C. § 300 g-1). MCLs are to be set as close to MCLGs 

as feasible; unless the EPA determines that the benefits of that level would not justify the 

costs, in which case the MCL is set at a level which will "maximize health risk reduction 

benefits as a cost that is justified by the benefits" (42 U.S.C. § 300g-l). The EPA is 

required to notify states of violations of national primary drinking water regulations 
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(MCLs and MCLGs) and to take enforcement actions against public water systems if 

states fail to do so (42 U.S.C. § 300 g-1). 

The EPA is currently assessing the potential human risks for perchlorate in the 

draft assessment Perchlorate Environmental Contamination: Toxicological Review and 

Risk Characterization. The draft assessment includes a reference dose (RfD)) that is 

intended to be protective of perchlorate effects on all populations (children and adults). 

The draft reference dose is 0.00003 milligrams per kilogram per day (US EPA, 2001). 

The draft provides the hypothetical conversion of the draft RfD to a drinking water 

equivalent level (DWEL), assuming factors of 70 kilogram (kg) bogy weight and 2 liter 

(L) of water consumption per day (US EPA, 2001). This would convert a draft estimate 

of 1 part per billion (US EPA, 2001). As with any draft EPA assessment with a 

quantitative risk value, risk estimates in draft are preliminary. The draft estimate is not a 

drinking water standard, but the first step in the process to setting that standard. 

Several states, including California, Arizona, Nevada, and Texas, have issued 

drinking water guidance values for perchlorate. A superfund site in Massachusetts 

currently requires well shutdown at 1.5 ppb perchlorate, but voluntarily begins will 

shutdown and replacement at 0.4 ppb (US EPA, 1998). New York has an allowable 

perchlorate concentration of 18 ppb while Arizona's is set at 14 ppb (US EPA, 2001). 

Superfimd sites in California require shutdown at 4 ppb and California has set public 

notification and regulatory investigation requirements for water sources containing 4 ppb 

perchlorate (US EPA, 2001). 

Texas has set an interim action level for perchlorate concentiations at 4 ppb 

(TNRCC, 2002). However, Texas has acknowledged that the federal investigation into 



the applicable reference dose for perchlorate has not been completed and that changes 

may occur in Texas' action levels upon the release of federal guidelines. If the proposed 

perchlorate MCL of 1 ppb is implemented, Texas will be required to lower their interim 

action level to the federal mandated level of 1 ppb. 
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CHAPTER III 

RESEARCH SYSTEM JUSTIFICATION AND HYPOTHESES 

Introduction 

Perchlorate (CLO4) an oxidizing anion dissociates from ammonium, potassium, 

magnesium, or sodium salts. Common sources of perchlorate include its use as an 

additive in solid rocket propellants, missiles, and fireworks (Hare, 2000). It is highly 

mobile in water, and has been detected in many ground, drinking, and surface water 

systems throughout the United States (US EPA, 1998). Perchlorate interferes with 

thyroid function, resulting in a hypothyroid state, and has been used in the past as an anti

thyroid agent to treat Graves disease. Perchlorate causes a decrease in the production of 

the thyroid hormones triiodothyronine (T3) and thyroxine (T4) by competitively inhibiting 

uptake of iodide to the thyroid gland (Lawrence et al, 2000). In addition, the competitive 

inhibition of iodide interferes with the thyroid hormone regulatory feedback loop by 

causing an increase in TSH production firom the hypothalamus. 

Perchlorate has been shown to inhibit thyroid fianction in amphibians, reptiles, 

mammals, and birds. The most profound effects have probably been observed in 

amphibians, with perchlorate induced dismption of metamorphosis (Goleman et al, 

2002). As the thyroid is the primary target organ of perchlorate effects, developmental 

anomalies are a concern in any exposed young animal. Most current work on mammals 

has been restricted to laboratory mice. This study was designed to assess exposure in a 

larger mammalian model that inhabits many known contaminated sites throughout the US 

and Texas, the raccoon. Unlike rodents, raccoons have a larger home range and integrate 
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relatively large areas of aquatic and terrestrial habitat. Therefore, they have the potential 

to serve as a good indicator of contaminant exposure and effects on a large scale. This is 

especially tme, at a site like the Longhom Army Ammunition Plant (LHAAP), where the 

presence and distribution of perchlorate is still being determined for much of the site. 

The LHAAP, through its military activities, has been associated with perchlorate 

handling, maintenance, and detonation. Some areas on the site have become 

contaminated with perchlorate and other areas are at risk of contamination through mn-

off erosion and ground water movement (Smith et al, 2001). Analytical evaluation of 

ground and surface water, soil, and sediment samples taken from within the LHAAP 

boundaries have indicated that perchlorate contamination at the LHAAP is bioavailable 

to terrestrial organisms (Smith et al, 2001). Perchlorate concentrations have ranged from 

<DL to 31,440 ppb in water and <DL to 31,440 ppb in sediment samples (Smith et al, 

2001). 

Raccoons as a Sentinel Species 

Raccoons {Procyon loctor) are a terrestrial mammal closely associated with the 

terrestrial/aquatic interface and are common throughout the LHAAP. Raccoons consume 

approximately 0.083 g water/day along with a diet principally composed of plant and 

animal matter (US EPA, 1993). Concentrations of perchlorate in water at the LHAAP 

are variable, ranging from <DL to 776 ppb. Based on these concentrations, raccoons 

could potentially ingest 124-289 ug/day from water alone. Exposure could also occur 

fi-om consumption of contaminated food items. Raccoons at the LHAAP likely consume 

insects, amphibians, crayfish, fish, rodents and various types of vegetation including soft 
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mast (US EPA, 1093). Perchlorate has been detected in each of these food sources at 

various levels. Specifically, concentrations have ranged from 1,130-2,570 ppb in 

tadpoles, ND to 580 ppb in frogs, ND to 210 ppb in fish, ND to 5,560,000 in vegetation, 

and up to 593,500 ppb in black berries (TIEHH data on file). 

Diets of raccoons may also contain as much as 9.4%) soil (from feeding and 

grooming) (Beyer et al , 1994). Soil perchlorate concentrations at the LHAAP site have 

ranged from below detectable levels to 35,630 ppb. Based on potential for exposure 

through water ingestion, diet, and soil consumption, raccoons were selected as a sentinel 

species for this study. 

Hypotheses 

I hypothesized that perchlorate would be detected in raccoon plasma resulting 

from exposure to perchlorate at LHAAP. I also hypothesized that concentrations of 

raccoon thyroid hormone would be altered in response to perchlorate exposure. Due to 

perchlorate's competitive inhibition with iodide, 1 expected to see decreases in T3 and T4 

hormone concentiations and increases in TSH concentrations due to feedback regulation 

of the thyroid gland. 
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CHAPTER IV 

MATERIALS AND METHODS 

Study Site 

The LHAAP covers approximately 8,000 acres and is located near Kamack, 

Texas (Figure 1). Past military activities, including production of rocket fuel and test 

firing of rocket engines, are source of perchlorate contamination at the LHAAP. Several 

locations within the LHAAP have been associated with perchlorate handling, 

maintenance, or detonation (2 buming grounds, a water treatment holding pond, and 

Building 25C). Caddo Lake, Goose Prairie Creek, Central Creek, and the Harrison 

Bayou drainage system have been identified as at risk of perchlorate contamination 

through erosion, run-off and groundwater movement (Smith et al, 2001). 

The site is compromised of a variety of habitats, including mixed upland 

hardwood and pine forest, interspersed with a number of permanent and ephemeral 

drainages, most of which drain into Caddo Lake on the east side of the site. Some 

drainages are characteristic bottomlands with mixes of hardwoods and bald cypress. 

Herbaceous plants on the site include crabgrass {Digitaria sp.), goldenrod (Solidago sp.), 

bullmsh {Scirpus sp.), alumina, fem (Thelypteria sp.), foxtail {Setaria sp.), blackberries 

(Rubus sp.) and juncus {Juncus sp). 

Sample Collection 

Raccoons were collected (live-trapped) from March 2000 to May 2001 from areas 

with varying perchlorate contamination levels within LHAAP (Figure 2). A total of 318 
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trap nights occurred over the course of the study. Areas trapped included building 25C, 

two buming grounds, a water treatment holding pond, and other areas of known 

perchlorate contamination (Caddo Lake, Goose Prairie Creek, Central Creek and the 

Harrison Bayou drainage system) (Figure 2). Traps were baited with sardines, eggs, or 

cat food and placed at locations frequented by raccoons (as noted by tiacks). Traps were 

covered with vegetation to provide raccoons with some shelter and to help conceal the 

trap. Traps were set in the evening (ca. 1700 hrs) and checked the following morning (ca. 

0600-0900 hrs). 

Upon capture, raccoons were transferred to a squeeze cage and weighed using a 

pesola scale calibrated to the nearest 0.5 kg. Weight of the animal was recorded and used 

to calculate the appropriate dose of ketamine hydrochloride (8-10 mg/kg) and xylazine 

hydrochloride (2mg/kg) needed to sedate the animal. Sedative was injected 

intramuscularly into the left or right hip while raccoons were constrained in squeeze 

cages. Additional sedative was administered if the original injection was insufficient. 

Ophthalmic ointment was applied to the eyes to keep them moist. 

Raccoons were evaluated for general and reproductive health. Males (scrotal or 

nonscrotal) and females (pregnant, lactating, open) were examined for reproduction 

status. Raccoons were aged (juvenile or adult) and overall body condition (good, fair, or 

poor as determined by fat stores, coat condition, injuries and parasite loads) noted. All 

animals were tagged with one Monel 1005-4 ear tag with a unique identification number 

(brass-aluminum style 893, National Tag and Brand Co.) in each ear (lower inner 

portion). 
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Approximately 3 to 8 ml of blood, depending on body size, was taken from the 

jugular vein, placed in plasma tubes (containing EDTA), and centrifuged on an lED 

MediSpin centrifuge at maximum speed for 12 minutes, or until the semm and plasma 

separated. Samples were frozen (-80°C) until hormone and residue analysis could be 

perfomied. Animals were monitored to ensure full recovery from anesthesia and released 

at their capture location to same day. 

Forage Item Collection 

Potential raccoon food items (n = 110) and water samples (n = 180) were 

collected over the course of the study. Food samples were collected from the Harrison 

Bayou Ponded Area and Discharge, the INF pond, Goose Prairie Creek, the Buming 

Ground, Building 25C and Central Creek. Soil, sediment and water samples were taken 

at each of the aforementioned locations. Blackberries, plant matter (Crabgrass, 

Goldenrod, Bullmsh, Willow, Fem, and Foxtail), fish (Largemouth bass, Mosquitofish, 

Blackstripe minnow, and Weed shiner), amphibians (American Toad, Bullfrog, and 

Northern Cricket Frog) and insects (Cricket, Dragonfly, Damselfly, and Orthroptera) 

were all collected on the LHAAP site. 

Analytical 

Raccoon plasma was analyzed to determine the presence of perchlorate using Ion 

Chromatography Method 314 (Hautman et al, 1999) with slight modifications. Briefly, 

analytical samples were prepared for analysis by combining 5 ml ethanol and 1 ml 

raccoon plasma in a glass test tube, mixing the solution for 5 seconds on a vortex and 
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centrifuging for 10 minutes to isolate the supernatant. Then supematants were decanted 

uito new test tubes and votex-evaporated until the level of supernatant approximately 0.5 

ml. The supematant was then brought to a volume of 5 ml by adding Milli-Q water. The 

final sample was then analyzed for perchlorate using Ion Chromatography (Dionex DX 

500 equipped with a conductivity detector). 

Hormone Analysis 

Raccoon plasma samples were analyzed for T3, T4, TSH subject to the availability 

of plasma from individual raccoons. If the plasma volume of an individual raccoon was 

insufficient for all these tests, priority order T3, T4 and then TSH. 

Diagnostic Products Coat-A-Count Total kits (TKT31 and TKT41) were used to 

measure T3 and T4 levels, and the Biotrak Rat Thyroid Stimulating Hormone [rTSH] 

Assay System (RPA554) was used to measure TSH levels. Additionally, calibration 

points were added to the TSH standard curve at critical locations (the most linear 

section). In order to conserve plasma collected from the LHAAP raccoon population, all 

kit optimization was completed using raccoon semm collected during a previous study 

(Newell e ta l , 1982). 

The Coat-A-Count Total T3 and Total T4 tests are solid-phase radioimmunoassays 

based on antibody coated tubes and human semm calibrators. I labeled hormone (T3 or 

T4) compete with unlabeled hormones (raccoon T3 or T4) in the sample for antibody 

binding sites on the coated tubes. This reaction takes place in the presence of blocking 

agents that serve to liberate the bound hormone from carrier proteins. Therefore, total T3 

or T4 was measured, since both free and protein-bound T3 (or T4) from the sample are 

26 



able to compete with radiolabeled T3 (or T4) for antibody sites. The antibody-hormone 

complex is adhered to the wall of the polypropylene tube and can thus be isolated by 

simply decanting the supematant. 

The basic protocol of the T3 kit was followed, which called for lOOfil of sample 

(plasma or semm). 100|il of raccoon semm did not contain enough thyroid hormone to 

be on the linear part of the standard curve. Therefore, the plasma volume was increased 

until enough hormone was present to see an optimal 40% binding (Chard, 1990). Using 

old raccoon semm samples, the optimal volume was determined to be 175^1. An assay 

was conducted to compare 175 ,̂1 raccoon semm and 175|xl, 150|il, and lOOjal raccoon 

plasma. The most efficient use of plasma was determined to be 150)J,1 for T3. Calibration 

points for the T3 standard curve were 0, 20, 50, 100, 100, 200, and 600 ng/ml 

Optimization of the T4 kit was conducted in the same manner. The T4 kit protocol 

originally called for 25^1 of unknown sample (plasmas or semm). An assay comparing 

100)̂ 1 raccoon serum and raccoon plasma hormone volumes of 75|il, 100|il, 125|LI1 was 

performed. The optimal volume for the raccoon semm was determined to be 100)11 The 

optimal plasma volume was determined to be lOO îl Calibration points for the T4 

standard curve were 0, 1, 4, 10, 16, and 24 \ig/dl. 

The rat thyroid stimulating hormone assay (rTSH) utilizes '̂ Î as a tracer and a 

highly specific antisemm. Separation of the antibody bound fraction from the free 

fraction is achieved with a second-antibody, allowing a centrifugal separation. The assay 

is based on the competition between unlabelled raccoon TSH and a fixed quantity of I-

labelled rTSH for a limited number of binding sites on an rTSH specific antibody. Since 

there are a fixed amount of antibodies and radioactive ligands, the amount of radioactive 
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ligands bound by the antibodies will be inversely proportional to the concentration of 

added non-radioactive ligands. The '"l-antibody-bound raccoon TSH is then reacted 

with a second antibody reagent that is bound to a magnetic polymer. Separation of the 

bound fraction is completed by centrifugation and decanting of the supematant. 

Measurement of the radioactivity in the bound fraction is a determination of the labeled 

raccoon TSH. The concentration of unlabelled rTSH in the sample is then determined 

from the standard curve. 

Changing the volume of the sample utilized and adding additional calibration 

points to the standard curve optimized the kit. The original TSH kit protocol called for 

100)il of sample (semm or plasma) and a total of six working standards (0.1, 0.2, 0.4, 0.8, 

1.6, and 3.2 ng/ml). One hundred seventy-five microliters was determined to be the 

optimal value of semm and plasma. In addition, four calibration points (2.0, 1.2, 0.6, and 

0.3 ng/ml) were added to the standard curve at critical locations on the curve (the most 

linear section). 

Quality Assurance 

All original samples were tested simultaneously to eliminate any inter-assay 

variation. For additional quality assurance, each assay contained reference samples and 

intemal standards. Reference samples were raccoon semm samples used in kit 

optimization procedures and intemal standards were calibration points from the linear 

section of the standard curve. Additionally, standards were mn in triplicate to increase 

the accuracy of each curve. Coefficient of variation (CV) and percent error were 

calculated for each individual. Any samples with a CV above 15% were tested again. 
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In addition to the individual homione tests, a dilution curve test was perfomied on 

all three homione assays to assure that varying amounts of raccoon plasma would show 

varying amounts of hormone along the standard curve. 

Statistical Analysis 

Correlations among thyroid hormone concentrations were evaluated using 

Pearson's product moment. An independent (unpaired) t-test was used to evaluate 

differences between male and female thyroid hormone concentrations. A significance 

level of 0.05 was used for all statistical calculations. 
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Figure 1: Aerial map of the Longhom Army Ammunition Plant (LHAAP) located near 
Kamack, Texas. The site, outlined above, is approximately 8,000 acres and adjacent to 
Caddo Lake. 

30 



Figure 2: Map of the locations on the Longhom Army Ammunition Plant where 
raccoons were captured from March 2000 to May 2001. A total of 50 captures are 
represented by encircled dots. 
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CHAPTER V 

RESULTS 

Introduction 

Forty-four individual raccoons were captured over the course of this study, ten of 

which were captured twice and one captured three times, resulting in a total of fifty-six 

captures. Plasma was not collected for six captures. Plasma samples from 50 raccoons 

were analyzed for hormone concentrations and perchlorate. For the T3, T4, and 

perchlorate residue analysis assays there were five sets of duplicates (five raccoons 

caught twice) and one set of triplicates (one raccoon caught three times). There were two 

sets of duphcates and one set of triplicates from recaptures in the TSH assay. There are 

three less duplicates in the TSH assay because there was insufficient plasma from three 

recaptures to mn the sample in the TSH assay. 

Results from the dilution curve test showed a raccoon plasma volume increase 

and a corresponding hormone concentration (T3, T4, or TSH) increase. Had we not seen 

this relationship, it could have been an indication that we were not measuring the 

hormone indicated by the individual kit. 

Perchlorate Residue Analysis 

Fifty plasma samples were analyzed for perchlorate residues. One sample 

contained a trace amount, but it was below the quantifiable level of perchlorate in Milli-Q 

water (2.5 ppb). All other samples were below the detection limit of perchlorate in 

plasma (~ 100 ppb). 
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Perchlorate Concentration of Potential Forage Items 

Food items collected over the course of this study (November 1999 to May 2001) 

had varying levels of perchlorate concentrations (Table 1). Sample concentrations ranged 

from below detection levels up to 5,557,000 ppb (Building 25C crabgrass). Amphibians, 

fish, insects, mammals, plants and were at times below detection levels for perchlorate. 

Generally, plant matter had the highest perchlorate concentrations while fish had the 

lowest. The majority of insects were below detectable levels, with the exception of four 

collections ranging from 881 ppb in a damselfly larvae to 48,340 ppb in a dragonfly. 

Concentrations of perchlorate in amphibians ranged from below detectable levels to 

2,570 ppb (tadpoles). Plant communities on the LHAAP site have perchlorate 

concentrations ranging from below detection limits to 5,557,000 ppb (crabgrass). Water 

collected ranged from below detection limits to 31,370 ppb (the INF pond). The INF 

pond produced the highest perchlorate concentrations for amphibians and sediment, while 

building 25C had the highest perchlorate concentrations for mammals and plant matter. 

The buming ground contained the highest perchlorate concentrations for insects while the 

Harrison Bayou Ponded Area was highest for fish. 

Hormone Analysis 

The T3 mean (±SE) concentration ranged from 13.0 ng/dl to 107.2 ng/dl 

(Table 2). The mean (±SE) T3 hormone concentration for the total population was 

56.5±3. Ing/dl There were no significant differences (P=0.21) between the mean 
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concentration of T3 for males and females (males 58.6±4.2 ng/dl; females 53.1±4.5 ng/dl) 

(Figure 3). 

Mean (±SE) concentration of T4 for the total population was 3.57±0.25 |ag/dl 

(Table 2). T4 concentrations ranged from below detectable limits to 8.6 [ng/dl (Table 2). 

Plasma T4 concentrations in males (3.63±0.3 |ag/dl) and females (3.48±0.38 ^ig/dl) (Table 

2) were not statistically different (P=0.27) (Figure 4). 

Concentrations of TSH ranged from 0.6 ng/ml to 2.8 ng/ml (Table 2). Females 

had a mean concentration of 1.07±0.08 ng/ml compared to 0.945±0.08 ng/ml for males. 

The differences in male and female TSH concentrations were not significantly different 

(P=0.72) (Figure 5). 

T3, T4, and TSH concentration values were compared to see if correlations existed 

between data sets. Correlations between T3 and TSH (-0.182 (P=0.233)) (Figure 4) or T4 

and TSH (-0.024, (P=0.877)) (Figure 6) were not significant. T3 and T4 had a correlation 

coefficient of 0.45 (P=0.001) (Figure 7). 
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Table 2: Triiodothyromne (T3), thyronine (T4), and thyroid stimulating hormone (TSH) 
raccoon plasma concentration ranges, means, standard deviations, and standard 
error for female, male, and combined raccoon populations collected on the 
LHAAP, Kamack, Texas from March 2000 to May 2001. 

Range Mean StdDev SE 
T3 

Female 

Male 

Combined 

T4 
Female 

Male 

Combined 

TSH 
Female 

Male 

Combined 

28.7 ng/dl to 105.5 ng/dl 

13.0 ng/dl to 107.2 ng/dl. 

13.0 ng/dl to 107.2 ng/dl. 

1.44ng/dl to 8.65 ng/dl 

< d.l.to 7.89 ng/dl. 

< d.l. to 8.6 ng/dl. 

0.63 ng/ml to 1.98 ng/ml 

0.95 ng/ml to 2.77 ng/ml. 

0.6 ng/ml to 2.8 ng/ml. 

53.11 

58.62 

56.53 

3.484 

3.632 

3.573 

1.0701 

0.945 

0.9922 

19.66 

23,42 

22.03 

3.48 

1.819 

1.741 

0.3646 

0.426 

0.4043 

4.51 

4.21 

3.11 

0.38 

0.338 

0.25 

0.088 

0.080 

0.060 
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male female combined 

Figure 3: Mean (±SE) plasma concentrations of triiodothyronine (T3) in plasma values 
for male, female and combined raccoon populations collected from March 2000 to May 
2001 at the Longhom Army Ammunition Plant (LHAAP) in Kamack, Texas. Values 
above the standard error bars represent sample size (n). There was no significant 
difference between the mean plasma concentration of T3 for males and females (P=0.21). 
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male female combined 

Figure 4: Mean (±SE) plasma concentiations of thyroxine (T4) in plasma values for male, 
female and combined raccoon populations collected from March 2000 to May 2001 at the 
Longhom Army Ammunition Plant (LHAAP) in Kamack, Texas. Values above the 
standard error bars represent sample size (n). There was no significant difference 
between the mean plasma concentration of T4 for males and females (P=0.27). 
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male female combined 

Figure 5: Mean (±SE) plasma concentrations of thyroid stimulating hormone (TSH) in 
plasma values for male, female and combined raccoon populations collected from March 
2000 to May 2001 at the Longhom Army Ammunition Plant (LHAAP) in Kamack, 
Texas. Values above the standard error bars represent sample size (n). There was no 
significant difference between the mean plasma concentration of TSH for males and 
females (P=0.72). 
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Figure 6: A scatterplot of triiodothyronine (T3) and thyroid stimulating hormone (TSH) 
Concentrations of Raccoons collected at the Longhom Army Ammunition Plant in 
Kamack, Texas from March 2000 to May 2001. This Pearson Correlation coefficient 
was -0.182(P=0.233). The individual raccoon indicated by a triangle ( • ) had trace 
amounts of perchlorate in his blood plasma. 
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Figure 7: A scatterplot of thyronine (T4) and thyroid stimulating hormone (TSH) 
concentrations of raccoons collected at the Longhom Army Ammunition Plant in 
Kamack, Texas from March 2000 to May 2001. This Pearson Correlation coefficient 
was -0.024 (P=0.877). The individual raccoon indicated by a triangle ( • ) had trace 
amounts of perchlorate in his blood plasma. 
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Figure 8: A scatterplot of triiodothyronine (T?) and thyronine (T4) concentrations of 
raccoons collected at the Longhom Army Ammunition Plant in Kamack, Texas from 
March 2000 to May 2001. This Pearson Correlation coefficient was 0.45(P=0.001). The 
individual raccoon indicated by a triangle (A) had trace amounts of perchlorate in his 
blood plasma. 
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CHAPTER VI 

CONCLUSION 

Results from this study did not indicate any appreciable perchlorate exposure 

among raccoons at the LHAAP or resulting effects on thyroid function. However, 

perchlorate residues were found in many preferred raccoon food items collected at the 

LHAAP Some food item concentrations were extremely high (e.g., 19,775; 31,370; 

593,497 ppb), yet, perchlorate residues were only found in one individual raccoon (in 

trace amounts). Exposure may have occurred while the raccoon was inhabiting old 

buildings in the area, as this individual raccoon was captured near the firehouse on the 

LHAAP. Peak-blood levels after an oral intake are reported to occur after 3 hours and 

perchlorate's half-life in the rat is about 8 hours (Wolff, 1998). Based on this half-hfe, if 

the average length of time a raccoon was caught in the trap was 10 hours, there was 

ample time for the perchlorate to clear the blood. Therefore, exposure may occur and not 

be detected due to rapid clearance from the body. However, if other tissues had been 

analyzed, like as the thyroid gland, evidence of exposure might have existed. 

Perchlorate, through binding to the thyroid gland via competitive inhibition, may have 

persisted longer in the blood. The detection rate of perchlorate in the blood (approx. 100 

ppb) may have also played a factor in its detection. Perchlorate could have been present 

in the blood at levels below our analytical capabilities. 

If perchlorate exposure resulted in thyroid changes among raccoons, I would 

expect to see a negative correlation between T3, T4, and TSH. For example, TSH levels 

would be high while corresponding T3 and T4 levels would be low. If perchlorate 
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interfered with thyroid function, there would be a decrease in T3 and T4 output from the 

thyroid gland, and an increase in TSH secretion through the feedback mechanism that 

regulates the thyroid gland. Therefore, as T3 and T4 decrease, TSH levels would increase 

resulting in a negative correlation. The Pearson Correlation Coefficients between TSH 

and T3 and T4 were -0.182 (P=0.233) and -0.024 (P=0.877), respectively. The negative 

correlations between T3, T4 and TSH are not sufficiently strong to support the hypothesis 

that raccoon thyroid function was dismpted by perchlorate exposure at the LHAAP. 

Average T3, T4, and TSH hormone concentrations were not available for raccoons 

to enable the comparison of mean concentrations from raccoons inhabiting the LHAAP 

site to normal raccoon concentrations. However, average ranges of rat hormone 

concentrations are available. Raccoon hormone values from this study overlap the 

average range of rat hormone concentration values. Average rat TSH concentrations 

using Biotiak Rat Thyroid Stimulating Hormone [rTSH] kits are 0.94 ± 0.08. Rat T3 

hormones ranged from 61-170 ng/dl and rat T4 hormones ranged from 3.0-5.5 ng/dl 

The individual raccoon with trace amounts of perchlorate present in his blood 

plasma had lower concentrations of T3 and T4 and higher concentrations of TSH in 

relation to the rest of the captured population. This indicates that perhaps there is the 

exposure effects relationship is present on the LHAAP site. 

The Pearson coefficient for T3 and T4 was 0.45 (P=0.001), indicating there was a 

correlation between T3 and T4 hormone levels. A correlation between T3 and T4 would 

exist in a healthy endocrine system because they are both controlled by TSH feedback. 

Therefore, a positive correlation between T3 and T4 on LHAAP raccoons suggests that 

the hormone radioimmunoassays were accurate in their maimer of raccoon T3 and T4. 
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Perchlorate dietary exposures were calculated to illustrate the range of perchlorate 

a raccoon inhibiting the LHAAP might ingest. Average daily intake and dietary 

composition (taken from US EPA, 1993) were compared with known perchlorate 

concentrations of raccoon food items collected at the LHAAP to calculate potential 

exposure. Summer season (scenario 1) exposures (based on 61% insects, 8% amphibian, 

3% fish, 3% mammals, and 25% berries) illustrated perchlorate exposure ranges from 0 

to 142,946 ng/day (US EPA, 1993). Summer season (scenario 2) exposures (based on 

53% firuit, 12% insects, 20% mammals, 6% amphibians, and 9%, vegetation) illustrated 

exposure ranges from 0 to 462,570 ^g/day (US EPA, 1993). Winter season exposures 

(based on 41% insects, 24% amphibians, IVo fish, and 28% rodents) predicted up to 4128 

|ig/day (US EPA, 1993). Based on these potential dietary exposure scenarios, raccoons 

have the potential to consume considerable amounts of perchlorate at LHAAP. 

In this study, raccoons were trapped over a '̂ery large area, which included 

contaminated and uncontaminated areas; hence there was a spatial contamination 

gradient. This study was to include spatial analysis of the raccoon home ranges. 

However, perchlorate residue was only found in one sample at trace levels. Second, a 

negative correlation was not found to exist between T3, T4 and TSH hormone levels. 

Since no exposure or effects were detected, we were unable to evaluate spatial exposure 

and responses. It is possible that the home ranges of the raccoons were much larger than 

contaminated areas. Therefore, there might not have been sufficient exposure to see an 

effect on thyroid function. For example, a contaminated area might occur within their 

home range but not be in an area utilized with great frequency. 
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Perchlorate concentrations fluctuate temporally as well as spatially at this site due 

to remedial treatments and weather conditions. Since perchlorate may be excreted 

rapidly through urine, exposure, and certainly responses to perchlorate may be difficult to 

detect in raccoons at this site. 

Liver tissue from small mammals (e.g., harvest mice) collected at the LHAAP site 

contained perchlorate concentrations ranging from 589 to 2,170 ppb (Smith et al, 2001). 

Perhaps liver or thyroid tissues from raccoons would be better indicators of perchlorate 

exposure than blood. However, the home ranges of small mammals undoubtedly played 

a role in their exposure to perchlorate and the results of the tissue analysis. 

Thyroid hormone concentrations are potentially good biomarkers for perchlorate 

contamination given that perchlorate competitively interferes with iodide accumulation in 

the thyroid (Wolf, 1998). However, our results do not indicate an effect on raccoon 

thyroid hormone concentrations. This could be a result of variation in, or lack of, 

exposure and a lack of responsiveness of the raccoons to perchlorate. Even though the 

present results do not indicate thyroid hormone profile effects, there could be histological 

effects on thyroid tissue. Lower levels of perchlorate exposure that are not sufficient to 

effect hormone profiles could still affect the thyroid gland itself (e.g., through production 

hypertrophic cells and colloid tissue (Becker et al, 1995). Thyroid histology may 

potentially be a more useful indicator of these low-level perchlorate effects. 

Various other factors could have affected the results of this study. For example, 

age related variability and nutritional related factors could have compensated for 

perchlorate exposure. Ambient iodide concentrations, if present in sufficient amounts on 
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the LHAAP, could have interfered with the competitive inhibition of perchlorate and 

facilitated iodide uptake into the thyroid. 

It is likely that raccoons are exposed to perchlorate at relatively infrequent 

intervals and at low levels due to the intermittent perchlorate release at the site and their 

existence among a heterogeneous distribution of contaminants. Therefore, raccoons do 

not appear to be at risk of perchlorate exposure and resulting adverse effects at LHAAP. 

Sites with higher concentrations or a more constant source of perchlorate may represent a 

more tangible risk to raccoons. 
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