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Abstract

The fate and transport of pharmaceuticals through soil and ground water is an important research topic because of
their possible toxic environmental effects. Representative sites are often used for testing the probability of a
compound to adsorb to the soil or spread within the groundwater. In this study, the Brisson Farm in North Carolina
was selected as a representative site due to the recent disposal of multiple pharmaceuticals into the septic tank on the
property and the lack of organic carbon in the soil. This research used batch experiments to calculate sorption
coefficients for various pharmaceuticals that were disposed of on August 24, 2012. It is commonly thought that
organic carbon content is the key factor in determining the fate of such chemicals. Data from this study provides
evidence that soil minerals have a distinct role in the adsorption, fate, and transport of a medication. Results from
the Brisson Farm were compared to other representative soils in the mountains of Western North Carolina and
various soil components.
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1. Introduction

Identifying the presence of pharmaceuticals in soil is important since the potential hazards of drug reactions are
greater if the water system is contaminated with pharmaceuticals. America has become increasingly medicated and
these medications can have very severe consequences if mixed together. In 2004, Daughton outlined hundreds of
gaps in the research on the effects of pharmaceuticals on the environment which require contributions from several
fields including chemistry, biology, engineering, hydrology, soil science, toxicology, and public health.' Another
aspect of this study’s importance is the damaging environmental effects of untreated pharmaceuticals left in the
ecosystem. That is why it is imperative that the environment be analyzed for pharmaceutical contamination; whether
it is in soil or ground water, both could negatively affect society’s quality of life in the future. If pharmaceuticals are
able to be spread throughout ground water and different soils, then remediation methods need to be found and
implemented.

Sorption of soil in the environment has been studied and is described by the equation Ky = o * Koe.?** The
amount of organic carbon within the soil, f,, is indexed as a percentage. K, is the variable for the organic carbon-
water partition coefficient, whose value can be determined from property tables or determined experimentally. The
Ky for soil sorption testing is the adsorption coefficient of distribution between the concentration of a chemical in
soil vs in water.® Units of adsorption for K4 (L/kg) are found by dividing an adsorbed concentration of chemical to
soil (units of mg/kg) by the concentration of chemical dissolved in solution (units of mg/L).° High K values suggest
that the pharmaceutical has been adsorbed to the soil and contamination can be easily remediated by the removal of
soil. However if the Ky is low then the pharmaceutical is likely spreading through the ecosystem via groundwater



requiring the area of possible contamination to be expanded. Even common substances can wreak havoc on the
environment.

Studies have shown that blood pressure medications, antibiotics, steroids and antidepressants are damaging to the
environment, animals and people.  When medications are free to interact with microbes, viruses, bacteria and
pathogens a resistance to antibiotics, various defense mechanisms, and tolerances can be built towards medications.
8 This resistance to antibiotics can lead to mutations of infectious microbes producing “superbugs™®, ensuring the
drugs used to fight against them are less effective, in turn creating a society that is increasingly more susceptible to
disease. Furthermore, the daily metabolism and functioning of an individual can be greatly disrupted by excess
exposure to pharmaceuticals, which can lead to the development of cancer. *° A study conducted by Kunde and
associates found that pharmaceuticals are resistant to wastewater treatment™*; once the drugs are present, the removal
is increasingly difficult. Furthermore, plants, especially the lipids therein, are often final destinations for highly
water-insoluble organics.’> These compounds can be found in surrounding foliage even if small quantities are
present within the soil.

Hazards of the chemicals tested within this study can be extreme. Bisphenol A has been linked to changes in
insulin uptake, abnormal liver enzymes, reproductive system damage, and heart disease. ©* The prevalence of
Bisphenol-A in the urinalysis of 93% Americans across the United States caused it to be discontinued in the making
of plastics.** Carbamazepine can cause severe damage to skin and internal organs from allergic reactions, Stevens -
Johnson Syndrome or Toxic Epidermal Necrolysis.® Acetaminophen has been linked to hearing loss, skin
irritations, greater probabilities for asthma, and liver damage.’® *" Caffeine, the most common pharmacologically
active of all the chemicals tested in this study, can cause changes in the calcium uptake of the body, possibly induce
mutations, and increase the risk of preterm deliveries.’® These are not including the mild agitation, increased
performance, heart arrhythmias and changes in blood pressure some individuals receive after ingesting substances
containing Caffeine.

The comparison soils from Western North Carolina were chosen based on their organic carbon and clay
percentages. The soil components of the phyllosilicate group of minerals, montmorillonite and kaolinite, were found
within and compared to sorption values from the Brisson Farm soil. This family of minerals forms microscopic
crystals which turn to clay.

1.1 Motivation

The motivation behind this study was numerous bottles of daily prescriptions that were flushed into the septic tank
of Robert Brisson on August 24, 2012 following the death.™ His land is part of a small family farm and the possible
contamination created from the spread of pharmaceuticals in the soil and ground water could be harmful to the
ecosystem of the Brisson Farm.

1.2 Objectives

This study sought to find whether pharmaceuticals flushed into the septic tank of the Brisson Farm are likely to have
been adsorbed onto the soil or spread throughout the surrounding area via ground water. This was done by taking
soil from the farm then adding known amounts of each drug to the soil. The sorption and desorption for each
pharmaceutical was then annotated. The pharmaceuticals tested using the Brisson Farm soil are Caffeine,
Acetaminophen, Carbamazepine, and Bisphenol A; shown in Table 1. Of the chemicals being tested, Caffeine is less
likely to be adsorbed onto the soil® and possibly is contaminating the environment of the Brisson Farm.

It is known that high performance liquid chromatography (HPLC) must be used in the testing of pharmaceutical
identification in soil and ground water because the chemical composition of pharmaceuticals is destroyed when gas
chromatography (GC) is used. This research sought to determine the sorption of the medications which were flushed
into the septic tank and thus allowed to interact with the ground water and soil of the Brisson Farm leading to
possible contamination.
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Table 1. Chemical Structures of Pharmaceuticals tested using the Brisson Farm soil

Pharmaceutical / Chemical Uses Structure
Acetaminophen Acetaminophen has been used for pain OH
Log Kow: 0.46 management. 0
H,O solubility: 12,744 mg/L /lL

N

H
Bisphenol A BPA was synthesized in 1891 as a synthetic HO OH
Log Kqy : 3.32 estrogen,?’ its resin properties were used to
H,0O solubility: 120 mg/L manufacture plastic from 1957 til 1999.
Carbamazepine Carbamazepine was for treatment of -
Log Koy : 2.45 epilepsy but is now used for depression and
H,O solubility: 30.5 mg/L bi-polar disorders. .

0)\NH2
Caffeine Coffee was used to dissolve the medications i /
Log Kgw: -0.07 before introduction to septic tank. s N>
H,0 solubility: 21,600 mg/L /J\ | )
T

2. Methodology

The procedure of this project included the OCED (Organization for Economic Co-operation and Development) test
guideline 106 for batch experiments as adopted by the EPA in 2000 and a soil processing technique. The soil used
for this study was gathered in January 2013. The soil gathered from the Brisson Farm was collected at a distance of
50 feet from the septic tank, which had been sectioned off. At that location a hole was dug to a depth of two feet
under the organic topsoil layer and the soil bagged. Next the soil was air dried and ground to the consistency of a
fine powder by striking the soil, placed in an envelope, with a rubber mallet. Afterwards the soil was sifted through a
2 mm sieve, bagged and labeled.

The OCED batch experiment had controls without soil and samples which used soil. These samples were prepared
by taking various weights of soil and placed in a vial with 10 mL of ultra-pure water. For the Brisson Farm soil 1
gram was used. Trials for montmorillonite and Kaolinite were conducted using 1 gram and 2 grams respectively.
Western North Carolina soils used 2 grams of soil. The different drugs were then added by pipette into the vial at
increments of 20, 40, 60, 80 and 100 puL to make concentrations of 2, 4, 6, 8, and 10 ppm. These volumes were
taken from a 1000 ppm stock of pharmaceutical, with methanol as the solvent. Then the whole mixture was shaken
“end over end” on a rotary shaker for 24 hours and centrifuged for 10 minutes or until the supernatant liquid was not
cloudy. At this time the supernatant liquid was filtered and dispensed into respectively labeled HPLC vials. To
ensure there was no cross contamination between samples, the filter on the end of the pipette was cleaned with ultra-
pure water between each draw by running the water through the filter then discarding it into a waste beaker. Next a
cap and membrane were put on the vial. These samples are stored in a refrigerator pending a run through the HPLC.

Standard HPLC operations were used, although the mixture of solvents was changed for better elution of the
individual pharmaceutical from the column. These adapted solvent mixtures were 30% methanol with 70% ultra-
pure water for Caffeine trials, 40% methanol with 60% ultra-pure water for Acetaminophen, 70% methanol with
30% ultra-pure water for Carbamazepine, and 60% methanol with 40% ultra-pure water for Bisphenol-A trials. The
HPLC runs were five minutes in length and used a C-18 column. Detection peaks for the soil samples were printed
out by a Shimadzu Chromatogram. These peaks were then analyzed and compared to those of the controls. Control
samples were made and conducted by following standard operating procedures except there was no soil within the
vial, only ultra-pure water and pharmaceutical. Corresponding HPLC peaks between the controls and the samples
for each pharmaceutical show the degree of adsorption onto the soil of the Brisson Farm.
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To determine the amount of organic carbon within the soil the procedure by Schulte and Hopkins was used.? This
technique called for 5 grams of sifted and air dried soil to be weighed into a 15 mL crucible. Next the crucible of
soil was oven dried at 105 °C for one hour, placed in a desiccator, and then reweighed. The soil was then combusted
in a muffle furnace for 2 hours at 360 °C after which the oven was cooled to 105 ‘C. The sample baked at this new
temperature for one hour. Once the hour elapsed and sample was cooled to room temperature it was placed in a
desiccator and reweighed. The calculation for amount of organic carbon can then be determined by using the Loss-
on-lgnition equation, ((oven dried soil weight - soil weight after combustion)/oven dry soil weight) * 100. This
testing was done in triplicate for the Brisson Farm soil.

3. Results

The soil of the Brisson Farm according to Caffeine trials had high adsorption with the K, value of 41.2 + 1.3 L/kg.
Such a high value is uncommon in western areas of the state since the Caffeine trials for the Fannin A, BRP-A,
BRP-B, Dellwood, and Suncook resulted in Ky values of 10.7, 14.5, 19.4, 5.67, and 1.49 mg/kg respectively. This
comparison has provided further evidence that Brisson soil, with its 28.2% clay content, has greater adsorption than
high organic carbon soils of the North Carolina Mountains.

Soil testing in tandem with Dr. Moorhead found the organic carbon value to be 2.2%. The adsorption of the soil
from the Brisson Farm should then be roughly zero; however, the sorption of Caffeine is much higher. A lack of
organic carbon (f,;) but not sorption in the soil of the Brisson Farm has dismissed the major tenant behind
environmental adsorption, f..*Ko. = Kg.2 X-ray diffraction of the Brisson Farm soil then discovered the presence of
phyllosilicate mineral deposits, namely kaolinite and montmorillonite, to be within the soil. The Ky of
montmorillonite for Caffeine has been measured to be 547 L/kg. It can therefore be concluded that this soil mineral
component must be the cause for the elevated Ky values seen for Caffeine.

Bisphenol-A trials resulted in a 3.82+ 0.43 L/kg K; value for the soil of the Brisson Farm. With a high log K, for
Bisphenol-A it was assumed that the adsorption could potentially be higher than that of Caffeine since Caffeine has
a log K, of -0.07 while that of Bisphenol-A is 3.32. Nevertheless, a smaller K4 was measured because Bisphenol-A
has a much weaker attraction to soil minerals and the soil lacked organics to which it could have adsorbed.

Carbamazepine, almost insoluble in water and highly attracted to organic carbon, was anticipated to sorb to the
Brisson Farm soil. It however did not. The calculated K4 value was below 0.2 L/kg, the limit of quantification.

The proposed Ky for Acetaminophen was assumed to be between that of Caffeine and Bisphenol-A based on
values for water solubility and log K, since there was no soil sorption data for Acetaminophen from previous
studies. The Brisson Farm soil Ky value for Acetaminophen was calculated to be below the level of quantification,
0.2 L/kg. Acetaminophen, with solubility greater than Carbamazepine, was measured to have nearly the same value.
The reason behind such low values must be that the pharmaceuticals are not attracted to minerals present in the soil,
such as montmorillonite, strongly enough to permit sorption.

4. Conclusion

The high adsorption of Caffeine to the Brisson Farm soil along with the sorption of Bisphenol-A, Acetaminophen
and Carbamazepine without organic carbon was inconsistent with the generally held assumption that organic carbon
determines the amount of soil sorption. Any pharmaceutical sorption seen at the Brisson Farm has presumably been
attributed to the presence of the soil minerals montmorillonite and kaolinite. The exact reason for the adsorption to
minerals is not understood and awaits further research; however, testing using montmorillonite and kaolinite has
provided that minerals as well as clay content can be a driving force for pharmaceutical sorption onto a soil. It is
clear that the assumption high organic carbon content leads to high adsorption is not a sufficient analysis of all soil
types, especially those with low organic carbon. Thus the current method for theoretically calculating sorption of a
soil is ineffective and should be reevaluated to include possible sorption due to the presence of minerals and clay.
Future avenues of research involve analysis of the soil using HPLC MS/MS to confirm which pharmaceuticals are
present in the Brisson Farm soil. All compounds not found in this analysis will be assumed to be in the ground water
and can then be tested for via water wells placed at the farm.
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