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ABSTRACT
NICOLE L. KENNEDY NETH. Pharmaceuticals in the environment: previously
unrecognized sources in water resources. (Under the direction of DR. OLYA
KEEN).

It is known that wastewater treatment plants are one of the major routes through
which pharmaceuticals enter the environment. The following work investigated the
effect of previously unrecognized sources of pharmaceuticals that enter water resources
via wastewater treatment plants.

Specifically, this work focuses on determining the role of healthcare facilities in
the load of pharmaceuticals to solid waste and wastewater, examining whether landfill
leachate may contribute to the pharmaceutical concentration in wastewater treatment
plants more significantly than previously known, and investigating pharmaceutically
active transformation products as pharmaceuticals go through wastewater disinfection
(with antibiotics as a subset of pharmaceuticals investigated).

The research revealed that most healthcare facilities dispose of unregulated
pharmaceuticals in a responsible manner. However, a single facility can make a
significant impact due to the large amounts of pharmaceuticals discarded. The study
found improved recovery and reproducibility when size exclusion is used in solid phase
extraction for emerging contaminants from leachate. Lastly, active transformation
products were discovered in four of the six antibiotics studied in wastewater disinfection.
This work found three previously unrecognized sources of pharmaceuticals in water
resources that will be of great importance to the scientific community and to public health

awareness and education.
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CHAPTER 1: INTRODUCTION

Pharmaceuticals were first introduced in the early 1800s'?, since their conception
they have revolutionized the world. Different classes of pharmaceuticals have evolved to
form hundreds of medicinal drugs readily available for prescription use.” Common types
of pharmaceuticals include antibiotics, statins, steroids, anesthetics, hypertension,
anticonvulsants, antidepressants, anti-inflammatory, anticoagulants, and vaccines.’

When pharmaceuticals were first introduced the quality of life improved and
mortality rates sharply declined, thanks in part to the introduction of antibiotics and
vaccines.” Pharmaceuticals continue to improve public health efforts around the world. In
1980, the World Health Organization announced the global eradication of smallpox in
humans.* In 2010, thanks in large part to the Food and Agriculture Organization of the
United Nations, rinderpest (a viral disease largely infecting cattle) was announced to have
been completely eradicated.’ This is currently the only disease of livestock to be
eradicated by human efforts.

Before the 1800s, pharmaceuticals were plant-based and could be found at the
local apothecary shop. Nowadays, some pharmaceuticals may be derived from plant-
based substances but all retain some form of chemical activity.” The pharmaceutical
industry has continued to grow and evolve to be on the forefront of the latest
technologies, clinical trials, and groundbreaking discoveries in pharmacological sciences.
With the vast improvements that have been made to human and animal health it can be
easy to ignore the decline in environmental efforts that has resulted.

While the effects of most environmental pharmaceuticals on human health are

unclear, some classes such as antibiotics have been linked to human health concerns.



With the insurgence of pharmacological compounds into our environment through
improper disposal or excretion, it is not a far stretch to see how antimicrobial resistance is
of paramount global concern.””’ One significant concern is the role healthcare systems
play in the load of pharmaceuticals to solid waste and wastewater. Though their disposal
methods may be widely known by those in the field, their compliance is of more concern.
To date, there have not been many studies that were able to grasp the amount of disposal
accumulated and compliance of disposal by a variety of healthcare providers.*'?
Responsible disposal options for major hospital systems especially is urban areas are
more readily available. Areas of interest as well are smaller and private healthcare
institutions especially in rural areas.

Another source of pharmaceuticals in the environment that has received little
attention is through leachate from municipal solid waste landfills. Leachate is the liquid
that collects at the bottom of landfills and is commonly pumped to nearby wastewater
treatment plants (WWTPs). The concern with leachate is the improper disposal of
pharmaceuticals, 1.e. throwing them into solid waste, which is sent to landfills. A concern
is the unknown amount of pharmaceuticals entering WWTPs via leachate and whether
this entry is a significant contributor to the overall amount of pharmaceuticals in
WWTPS.

Recent studies have detected contaminants of emerging concern (CECs), which
includes pharmaceuticals, industrial chemicals, household chemicals, nonprescription
pharmaceuticals, steroid hormones and animals/plant sterols in varying concentrations
within leachate.'”" Bisphenol A, a component of plastics and thermal paper, was seen in

the highest concentration of 17,200,000 ng/L whereas pharmaceuticals ranged from 10 —



10,000 ng/L." The CEC concentrations were seen to be greater in active landfills
compared to closed landfills."> Furthermore, CEC concentrations were greater in
untreated leachate compared to treated leachate. The CEC concentrations were also
significantly greater in leachate discharged to WWTPs from lined landfills compared to
leachate released to groundwater from closed unlined landfills."

An additional source of these pharmacological compounds into the environment has
been found to be WWTPs.'*?° Through no fault of their own, as WWTPs are not
designed to remove pharmaceuticals from their final effluent, they have become ground
zero for investigating these rising concerns. Although the emergence of pharmaceuticals
in wastewater is becoming widely known, their transformation products (TPs) open
another door for possible entry of pharmacologically active substances into the
environment. TPs refer to the altering of a parent compound, e.g. a common antibiotic,
through a chemical treatment process (typically, disinfection) at the WWTP. Altering the
parent compound can refer to the breaking down of the compound into smaller fragments
or attachment of structural parts, such as chlorine atom or a hydroxyl group, onto the
compound. Concentrations of pharmaceuticals at WWTPs vary widely®'? but little is
known of their transformation products. These TPs deserve a closer inspection as some
may retain their pharmacological potency”® and greatly add to the concentrations of
active pharmaceuticals found in the environment.

There is a particular concern for antimicrobial compounds in the environment and the
effects these compounds have on human health. Civil and environmental engineers now
find themselves protecting waterways not only from harmful pathogens and harsh

chemicals but also from what may be the biggest global health undertaking of the 21%



century, antimicrobial resistance. Understanding the importance of different sources of
pharmaceuticals being released into waterways will greatly aid in this present and future

undertaking.

1.1 Disposal of pharmaceuticals in healthcare settings
The elusive world of pharmaceuticals in healthcare settings has not been studied in

depth8—9, 11-12

partly because collecting the data is a monumental task. Healthcare facility
procedures for waste disposal can vary widely. Larger hospital systems may have stricter
internal protocols simply because of the volume and type of waste produced. While
managing large amounts of medical waste can be overwhelming, it is important for staff
to be informed on the procedures for proper waste disposal. Studies have found a
recurrent theme that medical workers are under-trained and uninformed.””>*

Healthcare medical waste can be extremely confusing adding to the frustration of
properly disposing of waste. There are at least seven different forms of healthcare waste,
each with its own container color.”’”* Separating each category of medical waste is
extremely important as incorrectly disposing can lead to costly fines. Additionally, when
waste is not properly categorized, healthcare systems can find themselves paying for
excess waste. An example of this would be when intravenous medication delivery
systems (IVs) are used. The I'Vs have a specific disposal color associated with them
depending on a substance being administered through the IV; however, their packaging

can be discarded into municipal waste. This amount of waste is calculated into the total

cost of disposal. This is an important key element that healthcare systems can overlook.



However, if waste is improperly disposed into more costly receptacles, the overall cost of
disposal and incorrect accumulations prove to be a major financial burden.

The main goal of studying pharmaceutical waste in healthcare settings was to
understand how they handle these disposal issues. Particular interest was placed on
disposal of unregulated pharmaceutical substances, as there is a large degree of freedom
within the facilities of how these pharmaceuticals are managed. Some disposal options
medical facilities may choose would have greater effect on the environment. It is
important to determine whether they contribute a significant load through sewage
disposal or by landfill leachate. Significant interest was also placed on comparing urban
settings to rural settings. There may be less awareness in rural areas and potentially fewer
programs available for segregating non-regulated pharmaceutical waste compared to

urban areas.

1.2 Leachate as a source of pharmaceuticals

Landfill leachate is the liquid that collects at the bottom of the landfill. This liquid
leaches or drains from the waste and is heavily affected by heavy rainfalls and seasonal
variations.’® Leachate can vary quite significantly in composition depending on the age of
the landfill and type of waste.*® Leachate can exhibit extremes in pH, biochemical
oxygen demand, chemical oxygen demand, heavy metals and will usually contain both
dissolved and suspended solids.”’

One of the main environmental concerns associated with landfills is the discharge
of leachate into water resources via WWTPs. Leachate is produced from the beginnings

of the landfill to many decades after the landfill has been closed.’” In modern lined



landfills, the leachate is typically sent to the local municipal WWTP. Leachate has been
shown to be a source of potential long-term persistence and transport of organic
wastewater contaminants (OWCs) in ground water.*® On the other hand, the role of
leachate in contributing OWCs to surface water via WWTPs is not well understood.
Reducing the amount of waste to be landfilled and utilizing recycling centers,
incinerations and composting can help in reducing the production of leachate.”’
Separating hazardous materials of municipal waste such as expired medicines, mercury
lamps and pesticides can help in reducing leachate concentrations of heavy metals,
halogenated hydrocarbons and other toxic compounds.®’ Pharmaceuticals can find their
way into landfills through household trash, medical waste, or industry (pharmaceutical)
waste. However, the concentration of these pharmaceuticals can vary quite significantly.
The technique necessary for analyzing leachate for pharmaceuticals is solid phase
extraction (SPE). SPE is necessary to concentrate pharmaceuticals, which are present at
low concentrations and to isolate them from the sample background. Leachate can be
difficult to work with in regards to the large variety of anthropogenic compounds and
possible TPs. These compounds can have wide ranges of polarities thus the extraction
methods need to be adapted to the specific chemical characteristics of the samples.*’
Additionally, leachates contain very high concentration of other organics, such as humic
substances, that can interfere with the extraction by saturating the resin media.
Commonly, SPE is used to extract the compound of interest; the compound can
then be analyzed through either HPLC/MS or GC/MS depending on which analytical
method works best for the specific compound. The U.S Geological Survey (USGS) when

investigating pharmaceuticals and other organic wastewater contaminants of a leachate



plume used both HPLC/MS and GC/MS methods for their purposes.®® While the
analytical methods are straightforward, what is challenging is the best SPE method for
extracting a variety of compounds from such a complex matrix.

SPE utilizes cartridges filled with adsorption resin, through which the sample
solution, i.e. leachate, will pass. The leachate is able to pass through these porous
cartridges with the aid of a vacuum pressure manifold, or an automated instrument
working on the same principle.*’ Leachate has large-size organics that can saturate the
resin and prevent good recovery of small organics such as pharmaceuticals. There are a
variety of cartridges available commercially for different applications. These cartridges
can vary widely in size and adsorption media. Some work better with polar compounds
while others work best with non-polar compounds and some are even able to work
efficiently with both polar and non-polar compounds. Some cartridges offer size
exclusion in addition to adsorption where only small molecules are allowed to diffuse
into the resin pores where adsorption in happening. But no research is available to
understand which cartridges will work best for extremely complex water matrices such as
leachate.

Studies have reported pharmaceuticals in leachate previously but most use HLB
(Hydrophilic-Lipophilic Balance) cartridges for extraction with pharmaceuticals,*'**
although others have also used PPL cartridges.*” HLB cartridges are widely used in
wastewater, drinking water, surface water, and groundwater and have been efficient for
recovery of known pharmaceuticals in these matrices.*>* Because leachate has higher
non-target organics than most other environmental samples, it can quickly coat the media

and prevent pharmaceuticals from being properly extracted. For this reason three



cartridges have been evaluated and compared to HLB. These cartridges have different
size exclusion capabilities to see if an improved pharmaceutical detection could be
obtained in comparison to traditional methods. The four cartridges evaluated were HLB,

ENV, PPL and PLEXA.

1.3 Fate of Antibiotics in WWTPs

Pharmaceuticals in wastewater effluent have been of interest to researchers for
decades due to their effects on the aquatic life and implications for human health as well.
For example, the feminization of fish> and the rise of antibiotic resistant bacteria® are
some of the consequences of pharmaceuticals in the environment linked to treated
wastewater discharges.”

Antibiotics especially have clear implications for human health. Streams that
receive treated effluent show higher levels and diversity of antibacterial resistance genes,
and it has been postulated that trace levels of antibiotics in wastewater cause the rise of
antibacterial resistance in the environment.””>***% TPs are known to some extent,
however their properties (e.g. toxicity, endocrine disrupting potential, etc.) are not well
studied. Transformation typically occurs during chemical disinfection processes, although
some pharmaceuticals can be biodegraded. For this study, the focus has been on the
antibiotic class of pharmaceuticals for their public health significance.

Apart from the antibiotics that are known to be present in wastewater, other
antibacterially active compounds could be forming when antibiotics go through chemical
reactions in wastewater treatment (biodegradation is typically not a major pathway for

antibiotics).”' Most of the chemical transformations in wastewater treatment occur when



antibiotics are exposed to disinfectants. Chlorine is one of the most commonly used
wastewater disinfection chemicals. Studies show that many pharmaceuticals readily react
with chlorine forming a number of products.®* ®* %% Products of antibiotics could
potentially retain the antibacterial activity and contribute to the development of antibiotic
resistance in the environment®.

Prior research on the fate of antibiotics in disinfection processes (particularly, the

V7% and ozone®. Chlorine has

properties of the products that form) has focused on U
also received some attention regarding the products that form in the reaction between the
disinfectant and the antibiotics found in wastewater. For example, researchers have

1
7071 and some

examined the reaction rates between various pharmaceuticals and chlorine
identified the reaction pathways and postulated product structures.”””> Some of the
studies specifically stressed that chlorine incorporation is a major pathway in the
reactions between pharmaceuticals and aqueous chlorine, yet the toxicological or other
relevant properties of chlorinated products of pharmaceuticals need to be explored
more.”* For example, recently, a study showed testosterone inhibition in fish by
chlorinated products of a cholesterol-lowering drug gemfibrozil.”” When it comes to
antibiotics, studies have examined the toxicity of some antibiotics and possible TPs, but
limited studies have evaluated the changes of antibacterial activity of products resulting
from reactions with chlorine.'® "

A recent study examined the genotoxicity of quinolone antibiotics that produced
chlorinated disinfection byproducts.”” Another study on levofloxacin saw an increase in

toxicity during chlorination that suggests the first TPs that were formed were more toxic

than the parent compound.”® Some studies have measured the toxicity of the
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transformation byproducts and proposed transformation pathways.”* ** One study
inferred that a chlorination product of levofloxacin may retain the antibacterial activity of
the parent compound because the core molecular structure is preserved in the reaction.”™
8! Additionally, one study arrived at the same conclusion for trimethoprim stating that the
core structure had not changed enough in the reaction, and the products likely retain the
antibiotic properties of the parent compound.®*

Previous studies have examined degradation of antibiotics in disinfection
processes. Trimethoprim is among one of the most commonly detected antibiotics in the
environment appearing at several hundred ng/L in wastewater effluents.™™*
Trimethoprim has been shown to react quicker with reactive chlorine species (RCS)
(C10’) over HOCI/OCI to form TPs when advanced oxidation with UV/chlorine was
applied.® Another study has shown that the trimethoprim structure was not substantially
degraded when reacted with free available chlorine (FAC) even though transformation of
the parent compound was substantial with conditions typical of wastewater and drinking
water chlorination.®”

Another antibiotic that is commonly prescribed and combined with trimethoprim
is sulfamethoxazole.*® Sulfamethoxazole has been detected at concentrations on the order
of 200- 2000 ng/L in wastewater effluents.’” *”** It has been shown that
sulfamethoxazole is reactive with free chlorine but no transformation products were
identified.*° Other experiments with sulfamethoxazole and FAC have seen chlorinated
products, but have not examined the properties of the products.’’

Fluoroquinolones are a class of antibiotics with particular interest because they

are not completely metabolized, for this reason a substantial amount can be discharged
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into wastewater treatment facilities. Studies have reported fluoroquinolones present in
wastewater effluents at concentrations in the range of 70 — 500 ng/L.****** A recent
study found ciprofloxacin chlorinated products in drinking water distribution systems.”
The results indicated that the measured increase of antibiotic resistant genes was from the
growth of bacteria in the presence of the chlorinated TPs.”*

Another recent study examined the reaction between FAC and ofloxacin, another
fluoroquinolone class of antibiotics. Several transformation products were seen including
some chlorinated transformation products.” Ofloxacin is a racemic mixture with 50%
levofloxacin (the biologically active component) and 50% of its enantiomer
dextrofloxacin.”® Dextrofloxacin is 8-128 times less potent than levofloxacin, maintaining
some antibiotic properties.”” Levofloxacin, was investigated under chlorination process to
investigate four transformation products that arose.”® The first transformation products
that formed showed more toxicity than the parent compound. V. fisheri was used as a test
organism to test the toxicity of the products compared to the parent compound.

To date there has not been a comprehensive study of doxycycline, trimethoprim,
sulfamethoxazole, ciprofloxacin, levofloxacin, and ofloxacin (the most commonly
prescribed and detected antibiotics) with exposure to chlorine disinfection in wastewater
using microbial assays for transformation product potency. This study investigated
possible transformation product properties and whether these products retained their
antibacterial potency. If so, these TPs will be of interest to the scientific community and
their presence in the environment is a public health concern. Furthermore, this study
observed the outcome of sulfamethoxazole and trimethoprim together in their prescribed

dosage of 5:1 ratio. This ratio was investigated to observe if the synergetic relationship
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between the two antibiotics produced varying results for TPs compared to their individual

results.
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CHAPTER 2: MATERIALS AND METHODS

2.1 Surveys of non-regulated pharmaceutical waste disposal in healthcare settings

The free online survey software, Survey Monkey ® , was used to create the survey to
gage the waste disposal procedures in healthcare settings. It was important to gather
information on disposal of unused expired and partially used medication as healthcare
systems may significantly contribute to pharmaceuticals in waterways if these substances
are improperly discarded. Also of interest were the volumes of medications being
disposed of and the specific classes of pharmaceuticals. It was important to have the
respondents give an estimated amount of disposal volume (either in liquid or solid
measurements) to know where disposal efforts would be of most benefit. Another interest
of concern was rural versus urban healthcare settings and their overall understanding of
disposal and amount generated. Due to the lack of regulation on certain types of
pharmaceutical wastes, it was hypothesized that rural healthcare facilities are less likely
to participate in voluntary pharmaceutical collection programs and more likely to dispose

of medication via sewer or municipal solid waste.

A link was generated and distributed with the help of the organization Practice
Greenhealth. This organization is a non-profit membership organization and helps to
create better, safer, greener workplaces and communities for healthcare facilities. The
surveys were also distributed with the help of Eastern Kentucky University’s
Environmental Health and Safety Alumni program. Ten questions were asked on the

survey and are included in Table 1.
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The main types of medical waste include hazardous, non-hazardous, chemotherapy,
and regulated medical waste. The Environmental Protection Agency (EPA) regulates
hazardous waste and non-hazardous waste under the Resource Conservation and
Recovery Act (RCRA). Nine chemotherapy pharmaceuticals are considered hazardous
waste and are regulated under RCRA. The chemotherapy pharmaceuticals that are not
considered hazardous waste and have no more that 3% by weight in the paraphernalia
(i.e. IVs, tubing, gloves, syringes, and vials) can be disposed of in ‘chemotherapy only’
(yellow receptacles) and will be incinerated. Regulated medical waste (RMW) also
known commonly as biohazardous waste includes blood, body fluids, or other materials
that may pose potential risk of transmitting infection. This waste can be autoclaved,
incinerated, microwaved, or chemically disinfected and then disposed into the municipal
waste. Controlled substances, including opioids, are regulated by the Drug Enforcement
Administration (DEA). For the purposes of this study the wastes of concern are not
regulated by the DEA as controlled substances and not classified as biohazardous or

hazardous waste.



Table 1. Survey questions

Survey questions/statements asked

What kind of medical facility are you?
* Private general practice, outpatient only
* Private specialized practice, outpatient only
* Multi-practitioner general practice, outpatient only
* Multi-practitioner specialized practice, outpatient only
* General hospital, includes inpatient and surgery
* Specialized hospital, included inpatient and surgery
* Assisted living/long-term care facility
* Hospice care
* Veterinary clinic
* Pharmacy
* Dentistry
* Other (please specify)

Do you serve mainly rural population, mainly urban, or both?

e Rural
e Urban
*  Dboth

Does your facility have an unused expired medication disposal protocol for the
whole facility?

* Yes

* No

* Ifyes, does this disposal protocol vary by department

Does your facility have organized unused medication disposal days/events, or
1s medication disposal done on as-needed continuous basis?

* Specific days/events

* Asneeded

How frequently does your facility inventory medication and dispose of unused
expired medication?

*  Weekly

*  Monthly

* Every few months

* Once a year or less frequently

* This is not applicable to our facility

* Please add any comments

15



What amount of expired medication typically accumulates between disposal
times? Please provide your best mass or volume approximation: e.g. 5 1b. or 10

6 | gal.
How do you dispose of partially used non-expired medication?
* Down the sink drain
* Into municipal solid waste
*  With DEA regulated medical waste
* Special pharmaceutical waste collection program
* If special pharmaceutical waste collection program is used please
7 specify
How do you dispose of expired medication?
* Down the sink drain
* Into municipal solid waste
* With DEA regulated medical waste
* Special pharmaceutical waste collection program
* If special pharmaceutical waste collection program is used please
8 specify
What are some of the highest volume medications that your facility routinely
disposes of?
* Antibiotics
* Anticonvulsants
* Hormones
* Statins
* Blood pressure
* Anti-inflammatory
* Antidepressants
* Steroids
* Vaccines
* Anesthetics
9 * Other (please specify)
Please provide any details or comments that you would like to share with the
10 | study.

2.2 Solid phase extraction (SPE) for investigation of pharmaceuticals in leachate

The glassware used for all experiments were baked in the furnace at 550°C for 3

16

hours prior to use. Any glassware that was not able to be heated to 550°C was soaked in

an acid bath overnight, then rinsed at least 5 times with ultrapure water and one time with

HPLC grade methanol. A glass block vacuum manifold (Figure 1) was used along with
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four solid phase extraction (SPE) cartridges: HLB, ENV, PPL and Plexa. The ENV, PPL,
and Plexa cartridges were all bond-elut and were obtained from Agilent Technologies
(Santa Clara, CA). The Supel-Select HLB cartridges were purchase from Supelco [part of

Sigma Aldrich] (Bellefonte, PA).

Figure 1. The glass block vacuum manifold that was used for all SPE
experimentation, with chosen cartridges, and respective leachate.

A description of the four SPE cartridges chosen can be seen in Table 2, all the
cartridges with the exception of HLB exhibit size exclusion capabilities. A schematic of
size exclusion principle can be seen in Figure 2. All the cartridges were rinsed with 5 mL
of HPLC grade methanol (Sigma Aldrich, St. Louis, MO) and then 5 mL of ultrapure

water.
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Table 2. Comparison of the four SPE cartridges chosen.

SPE
cartridge Features

The material consists of Polyethylene (PE) (20 um) with a
hydrophilic modified styrene polymer. Can be used with broad
HLB range of compounds from aqueous samples. Retention is
predominately based on reversed-phase but can be adaptable to
polar compounds as well.

A polymer, designed for the extraction of polar organic residues. It
ENV contains 125 um spherical particles with cross linking;
advantageous for high volume and fast flowthrough applications.

A styrene-divinylbenzene (SDVB) polymer that has been modified
with a nonpolar surface. Will retain even the most polar classes of

PPL analytes, including phenols. Large particle size allows for
particular-rich water samples with strong hydrophobicity.
Has a nonretentive, hydroxylated, amide-free surface, and a
PLEXA nonpolar core for retaining small molecules. Binding of proteins

and lipids on the polymer surface is minimized, resulting in cleaner
samples and reduced ion suppression.

Source: Agilent technologies product information and Sigma Aldrich product
information

o 5o
Q.
®> @ | J©

| Extraction with size exclusion | l Extraction without size exclusion |

Figure 2. A schematic of SPE cartridges extraction with size exclusion (retains only small

organics) and without size exclusion (retains organics of various sizes).
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The leachate used was collected from a local landfill and was first acidified to a
pH of 3.5 per typical extraction methods for pharmaceuticals from environmental
samples to ensure all the target pharmaceuticals were in their adsorbable form.” The

pKa of carbamazepine is 13.9%°, the pK,; of bisphenol-A is 9.6'"

, and the pK,; and pKa,
of ciprofloxacin is 6.09 and 8.74, respectively.'” These compounds were chosen in
anticipation of finding them in leachates. BPA is a plasticizer and present in many
consumer plastic products that get discarded. CIP is a commonly prescribed antibiotic
and CBZ is an anticonvulsant that is one of the least biodegradable pharmaceuticals.'®*
The leachate was then filtered first through 0.8 um glass fiber filters (Merck Millipore
Ltd., Billerica, MA) and then through 0.45 um membrane filters (Whatman, Piscataway,

NJ), Figure 3.

Figure 3. Leachate before filtration (left) and leachate after being filtered through glass
fiber filters (right).

Additionally, after final elution the procedure for which is described below, the 1

mL sample was filtered through 0.2 pum membrane syringe filters (Advanctec, Matthews,
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NC) (Figure 4). This was to both allow better performance of the cartridges and also to

minimize interferences with the HPLC/MS instrumentation.

Once 1 L of acidified leachate had been filtered it was then spiked with 1 pg/L of
carbamazepine-d10, bisphenol A-d16 and ciprofloxacin-d8 hydrochloride (all obtained
from Sigma-Aldrich, St. Louis, MO). The deuterated form of each compound was chosen
to differentiate the spiked compounds from the same compounds that may already exist
in the leachate sample. The 1 L solution was then divided into four 250 mL sterile
beakers each being designated to one of the four cartridges. The leachate from the
respective beakers passed through the cartridges at 1-2 drops per second. A blank was
also run immediately after the experiments with the cartridges. This was to capture any
potential contamination in the protocol. The entire experiment was run three times.

After the samples were loaded onto the cartridges, the wastebasket was removed
and glass tubes placed in the racks to the corresponding cartridge. The adsorbed

substances were then eluted with 2.5 mL of HPLC grade acetonitrile (EMD Millipore
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Corporation, Billerica, MA) and 2.5 mL of HPLC grade methanol, allowing 5 mL of
volume to be captured into the glass tubes. Figure 5 shows the samples after they were

eluted from the cartridges in the 5 mL glass tubes.

Figure 5. Sample after final elution in 5 mL glass tubes.

The glass tubes were then placed in a nitrogen hot water bath evaporator (N-evap
111 nitrogen evaporator OA-HEAT model 5085, Organomation, Berlin, MA) and
allowed to evaporate down to 1 mL. The glass tubes were weighed before the volume

was added and after the volume was evaporated down to capture the final volume and
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add the appropriate amount of HPLC grade water so that the final sample volume was 1
mL. The resulting extracted sample was transferred to HPLC vials for HPLC/MS

analysis.

2.3 HPLC/MS methods for SPE
Analysis was done using high performance liquid chromatography with mass
spectrometry (HLPC/MS) Vanquish flex quaternary HPLC system and a Velos pro dual-

pressure linear ion trap mass spectrometer with electrospray ionization (ESI) source

(Thermo Fisher Scientific, Waltham, MA), seen in Figure 6.

Figure 6. High perfrman lquid chratograph th mass spometry (HLPC/MS).
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The method was run in full scan mode (m/z range 200-1000) under positive
ionization. The chromatography mobile phase consisted of solvent A (HPLC grade water
with 0.1% formic acid) and solvent B (HPLC grade acetonitrile with 0.1% formic acid).
The method gradient began with 10% Solvent B and involved a minute delay before
ramping. The flow during the first minute was diverted to waste to ensure inorganic
constituents and first column flush would be diverted from the mass spectrometer. This
was then followed by gradual ramp up from 10% solvent B to 100% solvent B over 54
min. In the last 6 min of the method, solvent B was dropped to 10% and allowed to
equilibrate. The flow was at 0.25 mL/min, the column temperature was 35°C with the
injection volume of 10 uL. The column was obtained from Agilent Technologies (Santa
Clara, CA) and was a 2.1x100 mm Zorbax Eclipse Plus C-18 rapid resolution high

throughput with 1.8 micron particle size with a 1000 Bar maximum pressure.

2.4 Samples and Reagents

Different classes of antibiotics were chosen to enhance the understanding of
formations of TPs. These classes include tetracycline (doxycycline), pyrimidine
inhibitors/sulfonamides (trimethoprim/sulfamethoxazole), and fluoroquinolones
(ciprofloxacin, levofloxacin, and ofloxacin). Doxycycline hyclate, ciprofloxacin,
sulfamethoxazole, and trimethoprim were obtained from Sigma-Aldrich (St. Louis, MO).
10-15% solution of sodium hypochlorite and 30% solution of hydrogen peroxide were
reagent grade and were obtained from Sigma-Aldrich (St. Louis, MO). The deuterated

compounds carbamazepine-d10, bisphenol A-d16, and ciprofloxacin-d8 hydrochloride
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were all obtained from Sigma-Aldrich (St. Louis, MO) as well. Bisphenol A is a common
industrial chemical in consumer products and was applied in leachate analysis along with
pharmaceuticals to assess other commonly present contaminants of emerging concern.

Ciprofloxacin, trimethoprim and sulfamethoxazole were initially tested for
antibiotic potency as some of the most commonly prescribed and detected in water
resources antibiotics. After initial experiments showed antibacterially active products of
ciprofloxacin, more of the common fluoroquinolone class antibiotics (levofloxacin and
ofloxacin) were tested. Levofloxacin (98% powder) and ofloxacin (98.5% powder) were
obtained from Alfa Aesar (Ward Hill, MA). Ofloxacin is a racemic mixture of 50%
levofloxacin (active component) and 50% dextrofloxacin (8-128 times lower activity than
levofloxacin).

Wastewater effluent was collected from a local wastewater treatment plant that
uses UV disinfection. The samples were collected right after UV disinfection and filtered
within hours of collection. Samples were first filtered through a nylon 0.8 um membrane
filter (Whatman, Piscataway, NJ) and then a nylon 0.2 pm membrane filter (Merck
Millipore Ltd., Billerica, MA) to remove any microorganisms that would compete with
the test organism in the antibacterial activity assay. The samples were disinfected again
right before experimentation with UV disinfection at dose of 250 mJ/cm® using a
benchtop low pressure mercury lamp collimated beam. This was done to ensure that the
wastewater was fully sterile and indigenous microorganisms not susceptible to the chosen
antibiotics would not grow in the assay. The wastewater sample was collected once and
used for the entirety of the experiments. The water quality parameters remained stable

throughout the duration of the experiments.
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Water quality parameters of the effluent were measured immediately after
wastewater effluent was filtered, and the water was then placed in storage at 4 °C. Water

quality parameters for the wastewater sample can be seen in Table 3.

Table 3. Effluent water quality parameters (values rounded to significant digits replicated
in repeated measurements)

Test Measurement Method/Instrument used

Nitrite <0.012 mg-N/L nitrite HACH test TNT 839

Nitrate 21.2 mg-N/L nitrate HACH test TNT 835

Ammonia ;0'024 mg/L NH:- | imonia HACH test TNT 831

HEIE) (O e 6.8 mg/L Shimadzu TOC-LCPN

Carbon

Absorbance at 254 _1 HACH DR 6000 UV Vis
0.11cm

nm Spectrophotometer

pH 7.0 HACH pH meter H280G

Alkalinity ﬁ:Za 'é (I)ng/ Loas HACH alkalinity digital titrator, AL-DT

3

2.5 Chlorination Procedure

Doxycycline solution with concentration of 10 mg/L, ciprofloxacin solution with
concentration of 2.33 mg/L, trimethoprim solution with concentration of 20 mg/L,
sulfamethoxazole solution with concentration of 2 mg/L, sulfamethoxazole in tandem
with trimethoprim at a 5:1 ratio solution with concentration of 2 mg/L and 0.4 mg/L
respectively, levofloxacin solution with concentration of 5 mg/L, and ofloxacin solution
with concentration of 2 mg/L were prepared in ultrapure water or in effluent. These
concentrations were used in order for the antibiotic to be effective in the assay and to
improve the detection of the products (Table 4). Any background antibiotics that may be
present in the effluent would have concentration orders of magnitude lower and would

not interfere with the assay.
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Table 4. LDs, values for the selected antibiotics

Antibiotic LD50 range (mg/L)
Ciprofloxacin 0.25-1.48
Levofloxacin 0.34-1.34

Ofloxacin 0.24 - 1.38
Trimethoprim 0.46-2.8

Sulfamethoxazole 0.39 -1.65
Sulfamethoxazole/Trimethoprim 0.36 - 1.44
Doxycycline 0.32-2.75

The purpose of conducting experiments in ultrapure water was for better detection
of the products in a clean matrix without interferences. The solution was sampled before
chlorination to be able to measure the change in concentration of antibiotic with chlorine
exposure over time. The remaining antibiotic solution was chlorinated and samples were
taken at the following time intervals: 0.5, 1, 5, 10, 30, 60 and 120 minutes. At each time
interval a sample was withdrawn and placed into an HPLC vial (for product structure
analysis) and a 1.5 mL sterile centrifuge vial (for antibacterial activity assay). Initial
chlorine dose was determined with a goal of 0.5 + 0.2 mg/L of CI; residual at the end of
the experiment to assure that chlorine was present for the full 2 hours of the exposure. At
the end of the experiment, the chlorine concentration was measured using a HACH DR
2800 spectrophotometer with N,N-diethyl-p-phenylenediamine colorimetric method
(HACH DPD powder pillows).

The reaction with chlorine was stopped after a desired time interval by
transferring a volume of the sample into a vial containing hydrogen peroxide (H,0,)
which immediately reacted with chlorine.®® H,O, was chosen over other commonly used
reagents such as thiosulfate because H,O, does not add background levels of inorganics

in the sample, which can interfere with mass spectrometry instrumentation. Preliminary
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experiments were also performed with the antibiotics and H,O, to ensure no reaction
takes place and no intermediates form. The amount of H,O, used was determined by
stoichiometric ratio for chlorine quenching (1 mg/L of H,O, to 2.1 mg/L of Cl,) based on
the initial concentration of chlorine. Residual H,O, was then quenched by bovine catalase
(Sigma-Aldrich, St. Louis, MO) at a dose of 1 mg/L with the reaction time of at least 30
min. This was done to make sure the H,O, would have no effect on the assays.
Furthermore, H,O; control assays were performed to make sure that H,O, at possible
residual concentrations did not inhibit bacterial growth. Treated wastewater effluent
control assays were also performed to confirm the effluent matrix did not inhibit bacterial

growth in the assay.

2.6 Antibacterial Activity Assay

The chosen antibiotics are effective against gram-negative cells, so a non-
pathogenic, non-resistant strain of Escherichia coli (ATCC 11303) was used as a test
organism in the antibacterial activity assays. The bacterial culture was grown in sterile
broth in a shaking incubator set at 37 °C for 24 hours or until cloudy. The broth recipe is
as follows: 500 mL of ultrapure water, 5 g of tryptone (Fisher Scientific, Fair Lawn, NJ),
2.5 g of yeast extract (Fisher Scientific, Fair Lawn, NJ) and 2.5 g of sodium chloride
(Fisher Scientific, Fair Lawn, NJ). Then 1 mL of overnight culture was transferred to 50
mL of fresh broth where it was grown for an hour to the optical density (absorbance) at
600 nm (ODgg) of 0.20 +/- 0.03 cm™’. The 1 hr culture was then diluted 1:10 to achieve
the desired cell concentration of approximately 1 million cells per mL. Optical density

measurements were used as a measure of bacterial growth in the broth. The correlation
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between ODggo and cell count for this strain of E. coli was determined previously and
incorporated into the assay protocol that was adopted for this study.®® The ODggo was
measured using the HACH DR6000 spectrophotometer (Hach Corporation, Loveland,

CO) and can be seen in Figure 7.

Figure 7. HACH DR6000 spectrophotometer that was used to read assays.

A serial factor-of-2 dilution of the samples before chlorination and after different
intervals of chlorine exposure was prepared in a sterile, flat bottom, non-treated Cellstar
96-well plate (Greiner Bio-one, Monroe, NC). Sterile phosphate buffered saline (PBS)
was used for dilution to ensure an environment acceptable for microbial cells. PBS recipe
includes 400 mL of ultrapure water, 3.20 g of sodium chloride (Fisher Scientific, Fair
Lawn, NJ), 0.08 g of potassium chloride (Fisher Scientific, Fair Lawn, NJ), 0.72 g of
dibasic sodium phosphate dihydrate (Fisher Scientific, Fair Lawn, NJ) and 0.10 g of
potassium phosphate monobasic (Sigma Aldrich, St. Louis, MO). An E. coli culture was
then added to each sample well. Each plate had positive and negative controls, and
growth in each well was calculated as the percentage of the growth in the positive
controls. The positive control contained 100 uL of E. coli culture in broth and 100 pL of

PBS, and served as a measure of bacterial growth not restricted by antibiotics. The
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negative control contained sterile broth and sterile PBS (100 pL each) and was expected
to contain no growth and was used to monitor if contamination of the sterile solutions or
of the assay had occurred.

Sterility control was performed with UV-predisinfected wastewater effluent by
using the effluent matrix in a control assay that replicated the conditions of the actual
assay. The change in ODgq in the sterility control after incubation was 0.002 £+ 0.003
(average and standard deviation of 60 wells), which is representative of the instrumental
noise and is consistent with negative controls. For comparison, ODggg of positive
controls was on the order of 0.24. The perimeter well readings were affected by
evaporation during the incubation period. Therefore, a buffer zone was created around
the perimeter of each plate that contained only 100 uL of sterile PBS solution. The
absorbance of the wells was measured using a Bio-Tek Instruments pQuant microplate
reader model # MQX200 (Winooski, VT) at 600 nm immediately after the plate
preparation and following a period of four hours when the plates were incubated at 37 °C
in a shaking incubator. The period of incubation was selected to ensure the bacteria were
still within their exponential growth phase and that ODg( readings above 0.1 could be
obtained in positive controls. Change in ODgg of the wells was associated with bacterial
growth.

A probit table analysis'® was used to transform the data from a dose response
curve to a straight line that can be analyzed by a linear regression. An example of the

transformation from dose-response to linear regression can be seen in Figure 8.
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Figure 8. Example of transforming data from dose-response curve to linear regression.

The data is linearized, using the y-intercept and the slope to determine the LDs.
After the data has been linearized, the x-axis is the log of the concentration and the probit
value of 5 on the y-axis corresponds to the LDsy. The LDsy was the concentration of the
antibiotic at which the ODgg increase would be 50% of the ODg increase in the positive
control. The potency equivalent (PEQ)** was calculated for each sample and was equal
to the LDs of the untreated sample divided by the LDs of the treated sample. Decreased
growth in antibacterial assays is associated with increased antibiotic potency of the
parent/product mixture. PEQ of each sample was compared to the concentration of the
parent antibiotic remaining (as measured by HPLC/MS). PEQ values that are higher than
the fraction of the parent antibiotic remaining demonstrate that new antibiotics have
formed. Full replication of the chlorination experiment was done three times. For each of

the replicates, duplicate assays were run.



31

2.7 HPLC/MS methods for transformation products

The fraction of antibiotic remaining and the structure of the products were
analyzed using high performance liquid chromatography with mass spectrometry
(HPLC/MS) using a Vanquish flex quaternary HPLC system and a Velos pro dual-
pressure linear ion trap mass spectrometer with electrospray ionization source. UV
detection was also used at 235 and 275 nm wavelengths to aid with the location of
products in the chromatogram. The method was run in full scan mode (m/z range 150-
1000) under positive ionization. The chromatography mobile phase consisted of Solvent
A (HPLC grade water with 0.1% formic acid) and Solvent B (HPLC grade acetonitrile
with 0.1% formic acid). Method gradient started at 10% Solvent B and involved a 1
minute delay before ramp during which the flow was diverted to waste to assure that
inorganic wastewater effluent constituents could be diverted from the mass spectrometer.
This was followed by a 15 minute ramp to 100% Solvent B, one minute at 100% Solvent
B, and ramp down to 10% Solvent B followed by a 2 minute relaxation before next
injection. The flow was at 0.4 mL/min, the column temperature was 35°C and the
injection volume was 10 pL. The column was a Thermo Scientific Hypersil GOLD C8,

100 x 2.1 mm, particle size of 3 um.

Tetracyclines are known to cause experimental issues due to hydrolysis reactions
and complexation with dissolved metals, Ca®" or other cations. Complexation was
possible in wastewater matrix; however, the LDsj of doxycycline in the wastewater would
be higher than in clean water, if a portion of the antibiotic was inactivated by
complexation, which was not observed. The concentrations of the antibiotics were likely

sufficiently high so that the effects were negligible. No decrease in antibiotic
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concentration was observed over the span of the experiment, therefore the hydrolysis

reaction can also be considered insignificant for this study.

Some of the samples from the antibiotics were further analyzed using MS/MS to
identify the TPs. Samples were collected prior to chlorination and after two specific time
intervals of chlorine exposure. The timing was selected to capture the early
transformation products (10 min of exposure) and those that may take longer to form and
could be secondary products (120 min of exposure). Collision induced dissociation (CID)
with the following parameters was used: isolation width of 1.0 m/z, normalized collision
energy of 35 V, activation Q of 0.25 and an activation time of 10 ms. Identification of
chlorine isotopes (difference of two m/z between fragments that are 1/3 the ratio of each

other) were crucial in identifying chlorinated TPs.
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CHAPTER 3: RESULTS

3.1 Pharmaceutical Disposal

The number of responses received was 37 and the results from the survey can be
seen in Table 6. With the sample size being small, it becomes important to look at the
percentage of the respondents’ answers to the questions. For example, when asked, “Does
your facility have an unused expired medication disposal protocol for the whole facility?”
92% answered “yes.” This high percentage reduces the probability of this answer to
chance if most all the 37 responses reported “yes”. There may exist some biases toward
responsible disposal of pharmaceuticals amongst the responses gained from the
participating members of the Practice Greenhealth organization whose goal is to promote
sustainability and environmental health in healthcare facilities. However, some bias was
mitigated by involving Eastern Kentucky University’s Environmental Health and Safety
Alumni program. The average time spent on the survey was 5 minutes. Table 5 displays
which questions were skipped compared to which questions were answered by the
respondents. The most skipped question was number 5, involving the frequency of
disposal and collecting inventory on unused expired medication. The respondents who
skipped this question reported not knowing the answer. The second most skipped
question was number 6, involving how much medication accumulates for disposal.
Respondents reported difficulty in knowing the exact number as a cumulative amount
was not recorded.

The results were further divided into rural and urban classifications (Table 7 and

Table 8, respectively). Out of the 37 responses received, 6 designated themselves as



34

serving only rural populations. There were 7 responses out of the 37 that designated
themselves as serving only urban populations.

Further comments pertaining to question 10 expressed interest in knowing more
about the study. Others wanted to relay information regarding standards and requirements
pertaining to medical waste disposal for their specific healthcare facility. Some
respondents expressed interest through email about the outcome of the study including
professionals in the healthcare setting, environmental consultants and environmental

policy attorneys.

Table 5. Answered versus skipped responses for the 9 questions.
Question Answered Skipped
1 36 0
36
37
37
34
34
36
36
35

O 00 1 O L B W
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Most of the respondents reported serving both rural and urban populations (63%),
Table 6. 92% of the respondents reported that their facility has an unused expired
medication disposal protocol for the whole facility. When asked if their facility has an
organized unused medication disposal days/events or on an as-needed continuous basis,
89% answered disposal was on an as-needed basis. 41% of the respondents reported that
their facility inventoried medication and disposed of unused expired medication on a
weekly basis. The amount of expired medication varied greatly, the lowest being 1-5

gallons per year from a university student health center and the highest being 12,000
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pounds per week from a pharmaceutical warehouse. 66% of the respondents dispose of
partially used non-expired medication by special pharmaceutical waste collection
programs, 25% dispose with DEA regulated medical waste, 3% into municipal solid
waste, and 6% into sewer. When asked how they dispose of expired medication 72%
answered using a special pharmaceutical waste collection program, 19% with DEA
regulated medical waste, 6% into municipal solid waste, and 3% into sewer. The highest
volumes of reported medications of routine disposal were antibiotics (40%) and other
(46%). “Other” referred to several different medications including: blood thinners,
anesthetics, antipsychotics, inhalers, saline, nicotine patches, Vs, testosterone, and
diabetes management medication.

Interestingly, 6% of respondents reported disposing of partially used non-expired
medication by sink drain and 3% used municipal solid waste. When asked about
disposing of expired medication 3% reported by sink drain and 6% disposed into
municipal solid waste. Therefore, from the responses received, around 10% of non-
expired and expired medication is being disposed into municipal utilities (either landfill
or WWTP). Facilities that reported disposing of pharmaceuticals into municipal solid
waste or down the sink drain included a general hospital (including inpatient and
surgery), a laboratory, and a specialized hospital (including inpatient and surgery). Their
amount of waste generated ranged from 2 pounds per week to 0.63 gallons per week.
None of the rural facility responders reported disposing of pharmaceuticals into
municipal solid waste or sewer. Very few facilities reported using such practices in
general, and all of those respondents serve strictly urban population. Facilities that serve

mixed urban and rural populations are presumably larger medical centers that cover



broader geographical areas. It is possible that larger facilities are more likely to

participate in pharmaceutical waste collection programs.

36



Table 6. Overall results from pharmaceutical disposal survey.

37

Total responses

37

What kind of medical facility are you?

private general practice outpatient only (2)

multi-practicioner general practice, outpatient only (2)

multi-practicioner specialized practice, outpatient only (1)

general hospital, includes inpatient and surgery (17)

specialized hospital, includes inpatient and surgery (3)

veterinary clinic (1)

pharmacy (3)

laboratory (1)

VA medical center with outpatient, same day surgery and long term care (1)

medical school, dental school, nursing school, and allied health (1)

university student health center (1)

integrated health care system (1)

primary care/specialty care systems, outpatient only (1)

outpatient general and specialized practice (1)

pharmaceutical warehouse (1)

Do you serve mainly rural population, mainly urban, or both?

rural 17%

urban 20%

both 63%

Does your facility have an unused expired medication disposal protocol for the whole
facility?

yes 92%

no 8%

medication disposal done on as-needed continuous basis?

Does your facility have organized unused medication disposal days/events, or is

specific days/events 11%
as needed 89%
How frequently does your facility inventory medication and dispose of unused
expired medication?
weekly 41%
monthly 23%
every few months 21%
once a year or less frequently 6%
this is not applicable to our facility 9%

What amount of expired medication typically accumulates between disposal times?
Please provide your best mass or volume approximation: e.g. 5 lb. or 10 gal.

1-5 gal/yr

2.5 gal/twice a yr

0.375 lbs/wk

0.5 Ibs/wk (2)

0.56 lbs/wk (2)
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0.63 gal/wk

1.2 lbs/wk

1.25 Ibs/wk (2)

1.25 gal/wk

1.5 Ibs/wk

1.7 gal./wk

1.75 lbs/wk

< Slbs/wk

5 Ibs/wk

7 gal./wk

10 gal/wk

10 lbs/wk

13.8 gal/wk

20 gal/wk

25 lbs/wk

70-90 1bs/wk

158 lbs/wk

375 lbs/wk

500 Ibs/wk

12,000 lbs/wk

How do you dispose of partially used non-expired medication?

down the sink drain 6%

into municipal solid waste 3%

with DEA regulated medical waste 25%

special pharmaceutical waste collection program 66%
How do you dispose of expired medication?

down the sink drain 3%

into municipal solid waste 6%

with DEA regulated medical waste 19%

special pharmaceutical waste collection program 2%

What are some of the highest volume medications that your facility routinely disposes

of?
other* 46%
antibiotics 40%
vaccines 34%
anesthetics 34%
anti-inflammatory 29%
blood pressure 17%
antidepressants 14%
anticonvulsants 12%
hormones 9%
statins 6%
steroids 6%

*Includes: blood thinners, anesthetics, antipsychotics, inhalers, saline, nicotine

patches, I'Vs, testosterone, and diabetes management medications
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The respondents for rural population facilities consisted of hospitals, pharmacy,
multi-practitioner general practice outpatient practice, and private general outpatient
practice. 83% reported having an unused expired medication disposal protocol for the
whole facility. 100% answered having an organized unused medication disposal
day/event on an as-needed continuous basis. Most (50%) inventory medication and
dispose of unused expired medication on a monthly basis. The rest dispose of medication
weekly (33%) or every few months (17%). The amount of accumulated expired
medication ranged from 0.56 pounds per week to 158 pounds per week. When referring
to disposing of either partially used non-expired medication or expired medication most
(67%) use a special pharmaceutical waste collection program and 33% dispose of
unregulated pharmaceuticals with DEA regulated medical waste. The most common

medications routinely disposed of were anti-inflammatory (29%) and antibiotics (22%).



Table 7. Results from rural responses of the pharmaceutical disposal surveys.

Total responses ‘ 6

What kind of medical facility are you?

specialized hospital, includes inpatient and surgery (1)

general hospital, includes inpatient and surgery (2)

pharmacy (1)

multi-practitioner general practice, outpatient only (1)

private general practice, outpatient only (1)

Do you serve mainly rural population, mainly urban, or both?

rural 100%

urban 0%

Does your facility have an unused expired medication disposal protocol for the
whole facility?

yes 83%

no 17%

Does your facility have organized unused medication disposal days/events, or is
medication disposal done on as-needed continuous basis?

specific days/events 0%

as needed 100%

How frequently does your facility inventory medication and dispose of unused
expired medication?

weekly 33%

monthly 50%

every few months 17%

once a year or less frequently 0%

this is not applicable to our facility 0%

What amount of expired medication typically accumulates between disposal
times? Please provide your best mass or volume approximation: e.g. 5 1b. or 10

gal.
0.56 1bs/ wk
1.25 lbs/wk (2)
1.7 gal./wk
10 Ibs/wk
158 lbs/wk
How do you dispose of partially used non-expired medication?
down the sink drain 0%
into municipal solid waste 0%
with DEA regulated medical waste 33%
special pharmaceutical waste collection program 67%
How do you dispose of expired medication?
down the sink drain 0%
into municipal solid waste 0%
with DEA regulated medical waste 33%

40
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special pharmaceutical waste collection program ’ 67%
What are some of the highest volume medications that your facility routinely
disposes of?
anti-inflammatory 29%
antibiotics 22%
vaccines 14%
anesthetics 14%
diabetic 7%
hormones 7%
statins 7%

The facilities that responded to serve mainly urban populations represented
laboratory, university student health center, outpatient general and specialized practice,
multi-practitioner general outpatient practice, and general hospital. 100% of the
respondents reported having an unused expired medication disposal protocol for the
whole facility. 71% of the respondents answered that their facility disposed of unused
medication on an as-needed continuous basis. Most (43%) of the respondent facilities
inventory medication and dispose of unused expired medication weekly, the rest dispose
of medication every few months (29%), once a year or less frequently (14%), and few
reported this question was not applicable to their facility (14%). Typically between 1-5
gallons per year to 500 pounds per week of expired medication accumulates between
disposal times for these facilities. Overall, a higher volume of pharmaceuticals for
disposal accumulated in urban populations (0.56 - 500 1b/wk) compared to rural
population (0.56 - 158 1b/wk) facilities. Partially used non-expired medication (57%) and
expired medication (72%) 1s disposed with the aid of special pharmaceutical waste
collection programs. However, 14% dispose of partially used non-expired medication

down the sink drain and 14% dispose of expired medication into municipal solid waste.
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The highest volume of medication that these facilities routinely dispose of are antibiotics

(27%) and anesthetics (27%).

Table 8. Results from urban responses of the pharmaceutical disposal surveys.

Total responses ‘ 7
What kind of medical facility are you?

multi-practicioner general practice, outpatient only (1)

general hospital, includes inpatient and surgery (3)

laboratory (1)

university student health center (1)

outpatient general and specialized practice (1)
Do you serve mainly rural population, mainly urban, or both?

rural 0%

urban | 100%

Does your facility have an unused expired medication disposal protocol for the
whole facility?

yes | 100%

no 0%

Does your facility have organized unused medication disposal days/events, or is
medication disposal done on as-needed continuous basis?

specific days/events 29%

as needed 71%
How frequently does your facility inventory medication and dispose of unused
expired medication?

weekly 43%

monthly 0%

every few months 29%
once a year or less frequently 14%
this is not applicable to our facility 14%
What amount of expired medication typically accumulates between disposal times?
Please provide your best mass or volume approximation: e.g. 5 lb. or 10 gal.
1-5 gal/yr
0.56 1bs/ wk
0.63 gal/wk
10 gal/wk
20 gal/wk
500 Ibs/wk
How do you dispose of partially used non-expired medication?
down the sink drain 14%
into municipal solid waste 0%
with DEA regulated medical waste 29%




special pharmaceutical waste collection program ’ 57%
How do you dispose of expired medication?
down the sink drain 0%
into municipal solid waste 14%
with DEA regulated medical waste 14%
special pharmaceutical waste collection program 72%

What are some of the highest volume medications that your facility routinely

disposes of?

antibiotics 27%
anesthetics 27%
vaccines 18%

blood pressure 9%
antidepressants 9%
anti-inflammatory 9%

When comparing the remaining facilities that serve both rural and urban areas
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91% have an unused expired medication disposal protocol and 92% dispose their unused

medication on an as-needed basis (Table 9). Most facilities (41%) dispose of unused

expired medication weekly, the rest dispose monthly (23%), every few months (18%),

once a year or less frequently (5%), and a few responded that this question was not

applicable to their facility (14%). Most of the facilities use a special pharmaceutical

waste collection program for disposal of partially used non-expired medication (71%),

the others use DEA regulated medical waste bins (21%), or dispose into municipal solid

waste (4%), or down the sink drain (4%). The disposal responses were the same for both

non-expired medication and expired medication. The highest volume medications that are

routinely disposed of include antibiotics, vaccines, and anesthetics.
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Table 9. Results from both rural and urban responses of the pharmaceutical disposal
surveys.

Total responses | 24
What kind of medical facility are you?
private general practice outpatient only (1)
multi-practicioner general practice, outpatient only (1)
general hospital, includes inpatient and surgery (12)
specialized hospital, includes inpatient and surgery (2)
veterinary clinic (1)
pharmacy (2)
VA medical center with outpatient, same day surgery and long term care (1)
medical school, dental school, nursing school, and allied health (1)
integrated health care system (1)
primary care/specialty care systems, outpatient only (1)
pharmaceutical warehouse (1)
Do you serve mainly rural population, mainly urban, or both?

rural 0%
urban 0%
both 100%
Does your facility have an unused expired medication disposal protocol for the whole
facility?

yes 91%
no 9%
Does your facility have organized unused medication disposal days/events, or is
medication disposal done on as-needed continuous basis?
specific days/events 8%
as needed 92%

How frequently does your facility inventory medication and dispose of unused
expired medication?

weekly 41%

monthly 23%

every few months 18%

once a year or less frequently 5%

this is not applicable to our facility 14%

What amount of expired medication typically accumulates between disposal times?
Please provide your best mass or volume approximation: e.g. 5 Ib. or 10 gal.
2.5 gal/twice a yr
0.375 Ibs/wk

0.5 Ibs/wk(2)
1.25 gal/wk
1.25 lbs/wk

1.5 Ibs/wk
1.75 1bs/wk
5 lbs/wk
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7 gal./wk

7 Ibs/wk

25 lbs/wk

70-90 1bs/wk

375 lbs/wk

12,000 Ibs/wk

How do you dispose of partially used non-expired medication?

down the sink drain 4%

into municipal solid waste 4%

with DEA regulated medical waste 21%

special pharmaceutical waste collection program 71%
How do you dispose of expired medication?

down the sink drain 4%

into municipal solid waste 4%

with DEA regulated medical waste 21%

special pharmaceutical waste collection program 71%

What are some of the highest volume medications that your facility routinely disposes

of?
anesthetics 17%
vaccines 14%
antibiotics 13%
blood pressure 9%
anti-inflammatory 9%
antidepressants 8%
anticonvulsants 8%
hormones 4%
blood thinners 4%
statins 2%
steroids 2%
testosterone 2%
inhalers 2%
saline 2%
antipsychotics 2%
nicotine patches 2%

After obtaining the results from these survey responses, questions 7 and 8 became

of interest in learning which special pharmaceutical waste collection programs are being

utilized by these facilities. For those respondents that answered yes to using special

pharmaceutical waste collection programs, further information was obtained in regards to

what type of facilities they are and which specific program they are using (Table 10).
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Interestingly, if the medication has expired, most healthcare facilities will try to send
back to the vendor. This is advantageous, as vendors will try to give a financial incentive
for returning expired medication to them. For partially used non-expired medication these
facilities use a variety of disposal programs that best fit the types of medications they
have. For example, pharmacies will try to send their medication back to the
vendor/wholesaler, whereas a hospital will use hazardous waste disposal, RCRA, DEA,
and non-RCRA disposal. An example of special pharmaceutical waste collection
company that specialize in collecting and disposing of regulated medical waste is
Stericycle, which was used by some of the respondents. An example of a company that
specializes in pharmaceutical returns is Pharmalogistics, this company was reported
being used mainly by pharmacies. One concerning response was reported by a general
hospital facility (serving both rural and urban areas) that disposed of pharmaceuticals
down the sink or with other waste depending on the pharmaceutical. Discarding of
pharmaceuticals down the sink should never be thought of as an acceptable disposal
method. This stresses the need for further clarity within healthcare facilities regarding
their pharmaceutical waste program. Some facilities may be complaint with their
regulated pharmaceutical waste management; however, they may not be using the best

practices for disposal of non-regulated substances.
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Table 10. Responses to question 7 and 8 regarding disposal of partially used non-expired

and expired medication

How do you dispose of partially used How do you dispose of expired

non-expired medication? medication? Uil
hazardous waste disposal, Rx disposal, DEA, and non-RCRA separately, Stericycle, eneral hospital
send to vendor, RCRA incinerator, per EPA regulations, depends on the medications inc%u des in atiint a,m d
(in the sink or with other waste), hazardous and non-hazardous pharmaceutical waste sur Z
is collected separately to be incinerated gery
guaranteed returns to wholesaler pharmacy

any expired drug samples will be

n/a returned to manufacturer

multi-practitioner
specialized practice,
outpatient only

hazardous waste disposal reverse distributor or hazardous waste

integrated health care
system

facility-wide pharmaceutical waste program that encompasses hazardous, non-
hazardous, and DEA regulations

specialized hospital,
included inpatient and

surgery
most are designated as hazardous waste and are managed by thermal destruction university student health
incineration technology at an EPA permitted RCRA facility center

determine if it qualifies as RCRA waste
and dispose into appropriate waste
receptacle

medication will be disposed into proper
receptacle depending on type

medical school, dental
school, nursing school,
allied health

all departments return pharmaceuticals to the pharmacy were they will sort them for
returns, hazardous waste, or non hazardous waste

VA Medical Center with
outpatient, same day
surgery, and long term
care

primary care/specialty

Stericycle care systems, outpatient
only
. . . . . rivate general practice,
medications are dissolved in a solution and sent to the proper disposal vendor P genera' p
outpatient only

Waste disposal in healthcare settings can be divided into several color-coded

categories that are standard (Table 11). This includes hazardous waste, with the

designated receptacle color of black, and the waste collected being incinerated. Several

respondents reported using special pharmaceutical waste collection programs. These can

include receptacles that are designated with the color of white or blue. The category of

waste is typically considered non-hazardous (with some exceptions, including

pharmaceuticals listed as hazardous by OHSA and drugs categorized as carcinogenic by

the U.S. Department of Health and Human Services National Toxicology Program). The

waste that is accumulated here will eventually be incinerated.
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The color yellow is designated for chemotherapy waste, which can include empty
IV bags and tubing. Ultimately, the waste collected here will go to the incinerator.
Regulated medical waste (or bio-hazardous waste) is designated with the color red and
will be collected for incineration. Some examples of bio-hazardous waste are anything
used in surgery that will need to be disposed. This includes items that have pathogens
(i.e. blood) contained within or on them.

Some healthcare facilities also have sequestration devices. These devices are
specially designated for the disposal of controlled substances. The sequestration device
was a new development, within the last decade, and has been gaining further attention
since the opioid crisis in healthcare settings. This device works by allowing controlled
substances, such as oxycontin, morphine, opium, codeine, and methamphetamines to be
inserted into the top and not being able to be released by any other mechanism. These
substances will remain trapped in the device, not even obtainable by the nurses, until the
container is full and ready to be collected for disposal. The contents of these devices will
eventually go to the incineration as well.

Some major healthcare facilities will outsource their disposal to consulting
companies working with waste management companies. These companies can be
responsible for supplying the proper disposal receptacles and appropriate training
protocols for employees who will handle medical waste disposal. Though most of the
healthcare systems’ waste will be incinerated, not all will be incinerated ”in house”.
Some hospital systems do not have an incinerator and ones that do may not be able to

incinerate hazardous waste. Smaller facilities such as dental offices, veterinary clinics,
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private practice entities and pharmacies will not have incinerators on site and will have to
outsource this task to other companies.

There are some types of waste that are designated as being allowed to be put
down the sink eventually leading to the local WWTP. Some examples of these approved
wastes are IV salts and sugars. The items that have been approved to be disposed into the
trash for municipal solid waste are empty vials (that did not initially contain hazardous or
regulated substances) and packaging. This accumulated disposal will go to the local

landfills.

Table 11. Summary of healthcare waste by receptacle color, category and disposal method.

Color associated category of waste examples of waste waste disposal
EPA location -
chemically treated,

incineration

mercury, arsenic trioxide, epinephrine, cleaning

hazardous . . ..
chemicals, laboratory chemicals, pesticides

lactic acid, endocrine-disrupting hormones,
pharmaceuticals listed as carcinogenic by OSHA and

non-hazardous categorized as carcinogenic by US Department of incineration
Health and Human Services Toxicology Program
items contaminated with chemotherapy
chemotherapy pharmaceuticals (empty IV bags, tubings, vials, gowns, incineration

gloves )

autoclave, incineration,
microwave, chemically
disinfected

-— sequestration device . . .. . .
. . controlled substances wastage (including opioids) incineration
o) (i.e. cactus smart sink)

regulated medical | Anything that posing a risk for transmitting infections
waste (biohazardous) (blood, body fluids or other infectious materials)

down the sink drain IV salts and sugars wastewater treatment

trash; municipal solid

l waste empty vials, packaging (not RCRA regulated) landfill

Source: Kathy Skibinski, PharmEcology Services, WM sustainability Services and Barb Bickford, Medical Waste Coordinator
and Hydrogeologist (Waste and Materials Mgt/Environmental Management Division of Wisconsin Department of Natural
Resources)
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3.2 SPE for Pharmaceuticals in Landfill Leachate

All the deuterated compounds (carbamazepine-d10, bisphenol A-d16 and
ciprofloxacin-d8 hydrochloride) were detectable down to 8 ng/L. The calibration curves
for the compounds can be seen in the following Figures 9, 10, and 11. When the samples
are extracted, they are concentrated 250 times; therefore the concentration of 1 pg/L in
the extracted sample corresponds to concentration 4 ng/L in the non-extracted sample.
Figure 9A, shows the calibration curve for CBZ, as well as Figure 9B shows the curve for
the lower concentrations. Figure 10A, shows the calibration curve for BPA, as well as
Figure 10B shows the curve for the lower concentrations. Figure 11A, shows the
calibration curve for CIP, as well as Figure 11B shows the curve for the lower

concentrations.
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Figure 9. CBZ calibration curve, 1000 — 1.95 pg/L based on two repeated experiments
(A) and 62.5 — 1.95 pg/L (B) based on two repeated experiments.
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Figure 10. BPA calibration curve, 1000 — 1.95 pg/L based on two repeated experiments

(A) and 62.5 — 1.95 pg/L (B) based on two repeated experiments.
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Figure 11. CIP calibration curve, 1000 — 1.95 ug/L based on two repeated experiments
(A) and 62.5 — 1.95 pg/L (B) based on two repeated experiments.
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Percent recovery was calculated from the peak area of the compound within the
sample spiked at 1 pg/L and concentrated to 250 pg/L in relation to the standard at 250
ng/L. The percent recovery for the three compounds can be seen in Figure 12. Statistical
analysis (t-tests) was performed for the four cartridges comparing the recovery of the
three compounds. There was no statistically significant difference between recovery of

the compounds and the cartridges (Table 12).

Table 12. P-values for selected compounds and cartridges

ENV vs. | ENVvs. | ENVvs. | HLBvs. | HLB vs. | PLEXA vs.
Compound HLB PLEXA PPL PLEXA PPL PPL
CBZ 0.32 0.55 0.74 0.27 0.35 0.77
BPA 0.21 0.45 0.87 0.11 0.25 0.52
CIP 0.38 0.35 0.33 0.46 0.57 0.68

However, the percent recovery for ENV and PPL cartridges displayed a high
recovery for BPA (bisphenol-A) and CIP (ciprofloxacin). While they are both
comparable, PPL did perform slightly better than ENV. Variability was observed
between the individual experiments with CBZ and each of the SPE cartridges. For CBZ
the four cartridges had a percent recovery between 50-70%. However, CBZ performed
the best with the spiked blank, which suggests that CBZ was significantly affected by
leachate and was unable to be extracted with great efficiency. PLEXA performed the
third best and HLB was last out of the four cartridges for compound recovery. Although,
HLB has been known to be used frequently for SPE analysis with water samples, it may
not be the optimal cartridge of choice for leachate samples given the complexities of the

sample matrix.
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Figure 12. Percent recovery of the three compounds chosen within the four SPE
cartridges. Error bars represent standard deviation from three repeated experiments.
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A spiked blank was performed as well to test how the compounds extract without
having leachate as a matrix; this consisted of ultrapure water and the three compounds.
The three compounds performed with 97% (CBZ), 94% (BPA), and 96% (CIP) recovery.
Percent recovery experiments were performed with filtered leachate as the goal was to
compare the performance of the cartridges and not the overall leachate extraction process.
Any loss in percent recovery from filtering the leachate would be the same for all
cartridges.

CIP had the best recovery amongst all the compounds chosen; the reproducibility
was best for CIP with all the cartridges (the most variability occurring in the HLB
cartridge). The percent recovery remained within the 90% +/- 4% amongst all the
cartridges. BPA had the second best recovery amongst all the SPE cartridges with limited
variability. BPA had the best recovery with the ENV cartridge and the lowest recovery
with the HLB cartridge. CBZ displayed the least recovery amongst all the compounds,
performing best in PLEXA (68%) and having the lowest recovery (50%) in HLB.
However, CBZ performed the best with the spiked blank (97%), which suggests that CBZ
was significantly affected by leachate and was unable to be extracted with great
efficiency.

Through these experiments it can be concluded that ENV and PPL may offer
slightly better extraction for leachate matrices. However, studies performed previously
using HLB cartridges likely captured pharmaceuticals in leachate samples reasonably
well.

Analysis was also performed to detect the non-deuterated form of these

compounds if present in the leachate background. The compounds appeared at negligible
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concentrations (within the background noise and below the detection limit of (< 8 ng/L)

with RT’s of 17.08 min (CBZ), 20.99 min (BPA), and 17.27 min (CIP).

3.3 Overview of antibiotics

When comparing ultrapure water and wastewater experiments, wastewater
constituents appeared to have competed with the antibiotics for the chlorine, as was
expected. Therefore, higher initial chlorine concentrations were used for wastewater
experiments. The antibiotics reacted at comparable chlorine residual concentrations and
reaction times compared to ultrapure water. Most of the initial chlorine dose was
consumed by rapid reactions within seconds, and the residual of > 0.2 mg/L was

maintained in all experiments.

The CT values for the antibiotics can be seen in Table 13 for both ultrapure water
and wastewater at 10 min. and 120 min. The CT values are comparable to the values

104 .
% CT values in

used in wastewater treatment, which usually range from 0.6 to 192
wastewater treatment vary greatly depending on wastewater characteristics, the

concentration of chlorine, and the contact time the chlorine had with the wastewater

matrix.
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Table 13. CT values for selected antibiotics

CT Value
paitibsie Ul(trrslg’,‘rl;?nv/vf)ter X;agsflﬁjf)r
10 min. 120 min. 10 min. | 120 min.

Ciprofloxacin 6.76 59.80 6.86 14.00
Levofloxacin 1.70 13.20 6.35 15.00
Ofloxacin 4.25 27.40 5.36 19.60
Trimethoprim 3.03 20.00 11.16 12.40
Sulfamethoxazole 8.21 93.20 4.85 20.60
Sulfamethoxazole/Trimethoprim 8.01 86.60 5.05 14.00
Doxycycline 7.00 51.00 5.00 38.00

Residual chlorine was measured at each time point during preliminary
experiments and can be seen in Table 14 as well as the initial chlorine and antibiotic

concentrations for all antibiotics in both ultrapure and wastewater.

Table 14. Summary of antibiotics used, including initial concentration, initial chlorine
concentration and residual chlorine for both ultrapure water and wastewater Error
represents standard deviation from three repeated experiments.

Antibiotic iz ] ghlorme Residual Chlorine (mg/L as Cl,)
o Initial concentration (mg/L)

Antibiotic .

concentration | yjtrapure | Waste | Ultrapure error | Waste |
(mg/L) water water water water
CIp 2.33 2 6.5 0.99 0.023 0.23 0.02
LVF 2 3 0.22 0.046 0.25 0.01
OFL 2 3 0.46 0.025 0.33 0.006
TMP 20 5 10 0.33 0.015 0.21 0.006
SMX 2 1.55 0.03 0.34 0.09
SMX/TMP 2 2 5 1.44 0.03 0.23 0.02
DOX 10 9.26 18.52 0.34 0.08 0.22 0.03
*Ciprofloxacin (CIP), Levofloxacin (LVF), Ofloxacin (OFL), Trimethoprim (TMP),

Sulfamethoxazole (SMX), Sulfamethoxazole/Trimethoprim (SMX/TMP), Doxycycline (DOX)
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All the antibiotics were dissolved in ultrapure water and adjusted to a pH of
approximately 6.95 — 7.25. The pH remained stable with all the antibiotics within this
range for wastewater and no future pH adjustment was needed. The pK, values of the
antibiotics chosen are listed in Table 15, and the hypochlorous acid pK, is 7.6'® This
indicates that predominantly the same antibiotic species and chlorine species were
present in both ultrapure water and wastewater matrix throughout the duration of the
experiments. All of the antibiotics have pK, values sufficiently close to pH 7, thus the
experiments captured mainly the species that would be present within the range of pH

typical for wastewater, drinking water, and natural waters (pH 6-8).

Table 15. Antibiotics and their respective pK, values

Antibiotic pKai pKaz Reference
6.09 (caboxylic 8.74 (nitrogen on 101
ciprofloxacin group) piperazinyl ring)
106
sulfamethoxazole 1.6 5.7
107
trimethoprim 7.12 -
7.94 (piperazinyl 108 109
levofloxacin 6.24 ring)
5.97 (carboxylic 9.28 (piperazinyl 110
ofloxacin acid) ring)
111
doxycycline 3.5 7.7

The results from the chlorinated experiments with the chlorine concentration over
time can be seen in Figure 13 for ultrapure water and Figure 14 for wastewater. Here it

can be easily seen which antibiotics react more readily with the available chlorine.
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Figure 13. Chlorine concentration over time in ultrapure water for all tested antibiotics.
Results are based on three sets of replicated data. Error bars represent the standard
deviation from three repeated experiments.
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Figure 14. Chlorine concentration over time in wastewater for all tested antibiotics.
Results are based on three sets of replicated data. Error bars represent the standard
deviation from three repeated experiments.



62

3.4 Trimethoprim

Trimethoprim is a pyrimidine inhibitor of dihydrofolate reductase, it is an
antibacterial agent related to pyrimethamine, and it can sometimes be used alone as an
antimalarial pharmaceutical.''? It is a commonly used antibiotic when paired with

. 112
sulfonamides.

No antibacterially active TPs were detected for trimethoprim. Therefore, detailed
MS analysis of the products was not performed. The results of these experiments can be
seen in Figure 15. As shown in Figure 15 the PEQ values were not consistently above the
trimethoprim concentration over time. Therefore, new antibiotics or antibacterially active
TPs were not formed. These figures also show a progressive decline of the trimethoprim
over time as it reacts with chlorine. Trimethoprim reacted quicker in the wastewater
experiments than the ultrapure water. This can be attributed to the higher initial
concentration of chlorine used to overcome chlorine demand of wastewater and maintain

3 with wastewater showed that TMP

a residual within the selected range. A recent study’’
was demethylated by chlorine, then quickly hydroxylated, oxidized, and cleaved via

intermediate TPs.
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Figure 15. PEQ vs. normalized concentration of trimethoprim in ultrapure matrix (A) and
wastewater effluent matrix (B) after specific time intervals of chlorine exposure. Results
are based on three sets of replicated data. Error bars represent standard deviation from
three repeated experiments.

3.5 Sulfamethoxazole

Sulfamethoxazole is an anti-bacterial sulfonamide and is a commonly prescribed
antibiotic when paired with trimethoprim.'* It is not common to see sulfamethoxazole
prescribed by itself as it is not effective at all without the aid of trimethoprim. This was
the slowest antibiotic degradation seen amongst the six antibiotics indicating that the
compound is not as reactive with chlorine. However, the wastewater chlorine
concentration degraded significantly over time with a steady decrease due to chlorine

being reactive with other constituents in wastewater.
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There were no antibacterially active TPs detected in sulfamethoxazole
experiments, and for this reason no detailed MS analysis of the products was performed.
The results for these experiments can be seen in Figure 16. The sulfamethoxazole
concentration slowly decreased over time in ultrapure water and wastewater. The PEQ

however never consistently surpassed the antibiotic concentration to indicate formation of

active products.
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Figure 16. PEQ vs. normalized concentration of sulfamethoxazole in ultrapure matrix (A)
and wastewater effluent matrix (B) after specific time intervals of chlorine exposure.
Results are based on three sets of replicated data. Error bars represent standard deviation
from three repeated experiments.
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3.6 Sulfamethoxazole and Trimethoprim in tandem
The trimethoprim and sulfamethoxazole drug combination is the form most

commonly used as sulfonamides potentiate pyrimidine inhibitors.' "

Together both
pharmaceuticals reduce the ability of certain bacteria to utilize folic acid for increasing
growth.''* Bactrim is a combination of these two pharmaceuticals and is used to treat
urinary tract infections, shigellosis, pneumonia, traveler’s diarrhea and methicillin-
resistant Staphylococcus aureus (MRSA)."*

The antibiotic concentration and PEQ values for both ultrapure water and
wastewater were fairly similar (Figure 17). There was slightly more degradation of the
compounds when the wastewater matrix was used, again due to the higher initial chlorine
necessary to overcome chlorine demand of the wastewater matrix. The PEQ for the
antibiotics was not consistently higher than the antibiotic concentration and therefore
there were no antibacterially active TPs detected. From the results of these experiments,
it was concluded that no detailed MS analysis of the products was needed. While

sulfamethoxazole and trimethoprim work in tandem as antibiotics, there appears to be no

synergistic effects among the TPs.
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Figure 17. PEQ vs. normalized concentration of sulfamethoxazole and trimethoprim in
tandem in ultrapure matrix (A) and wastewater effluent matrix (B) after specific time
intervals of chlorine exposure. Results are based on three sets of replicated data. Error
bars represent standard deviation from three repeated experiments.

3.7 Doxycycline
Doxycycline is a commonly used antibiotic to treat several infections caused by

bacteria and protozoa. Some examples include bacterial pneumonia, early Lyme disease,
cholera, and when paired with quinine it can be used for the treatment of malaria.''” This
pharmaceutical belongs to the tetracycline class of antibiotics. Antibacterial activity
assays (Figure 18) demonstrated that some of the products that formed in ultrapure water
still maintained their antibacterial properties. The graphs are plotted against the time
intervals chosen for this study. It should be noted that, the reaction between doxycycline
and chlorine happens within the first thirty seconds and most of the products formed

within the first ten minutes. No residual antibacterial activity was observed for the
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products that formed in the wastewater effluent matrix. It is possible that the activity was
contributed by another product that was not detected by the analytical method and only
formed in ultrapure water. One of the water quality parameters that may affect the
products that form in chlorination of antibiotics is dissolved organic matter (DOM).
DOM is highly reactive with chlorine, and can provide a major competing reaction,

possibly preventing formation of some transformation products.
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Figure 18. PEQ vs. normalized concentration of doxycycline after specific time intervals
of chlorine exposure in ultrapure matrix (A) and wastewater effluent matrix (B). Results
are based on three sets of replicated data. Error bars represent standard deviation from
three repeated experiments.
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3.8 Transformation products — Doxycycline

Several chlorinated and non-chlorinated products formed in the samples with
ultrapure water and wastewater. Five major transformation products were found (Figure
21). The major and minor fragments of the products from MS/MS, likely reaction
pathways, as well as chlorine isotope identification were used for proposing the structures
of the transformation products. All five products formed in the ultrapure water matrix and
in the wastewater matrix. The most prominent peaks that formed had m/z values
(protonated masses) of 417 (non-chlorinated), 451 (mono-chlorinated), 479 (mono-
chlorinated), 513 (di-chlorinated) and 547 (tri-chlorinated). Figure 19 shows the
transformation products as well as the corresponding m/z value. All the products except
m/z 417 displayed chlorine incorporation.

For m/z 417 the proposed reaction involves a loss of two methyl groups [(CH3);]
from the amine [R-N(CH3),] group, this reaction is similar to what has been reported by
other researchers''®. The proposed m/z 451 adds a chlorine to the structure of m/z 417.
The m/z 479 product has an addition of a chlorine in the para position to the phenol group
on the aromatic ring of doxycycline (ortho/para directing)''"'""'?°. This position was
chosen over the ortho position because it is slightly more stable due to fewer steric
interactions'?'. This is a common reaction as it is seen with the formation of

122 Chlortetracycline is a known antibiotic with m/z of 479 and was

chlortetracycline
compared to the m/z 479 product found'** '*** 2123 The m/z 479 product that formed in
the experiments is different from chlortetracycline based on the different retention time

compared to chlortetracycline standard (10.49 min and 9.41 min for standard and product

respectively). The starting structure for chlortetracycline is tetracycline, and for product
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with m/z 479 observed here the starting structure is that of doxycycline, and the product

likely preserves the functional group locations of the doxycycline molecule.

Addition of a chlorine to m/z 479, likely in the ortho position to the phenol group
on the aromatic ring, gives a product with m/z of 513. The ortho position on the aromatic
ring next to the hydroxyl group was chosen as a likely location for chlorine addition
because the hydroxyl group is ortho/para directing. The preferential para position is
already taken by the addition of chlorine from the previous m/z 479 proposed pathway.
Lastly, addition of another chlorine to m/z 513 yields tri-chlorinated proposed product of
m/z 547. Amides have been shown to be reactive with chlorine, for this reason the
chlorine was added to the amide functional group.'*®'*” From the reactions listed above,
it is clear that chlorination reactions, used in water treatment, have a profound effect on
the transformation product formations as at least one chlorine atom appeared in all but
one of the products.

The results also indicate that most products form in the initial rapid reaction
between doxycycline and chlorine, and little change in products is observed over the 2 h
of chlorine exposure. The non-chlorinated product (m/z 417) decreases slightly over
time, while product with m/z 479 increases. The rate of decrease in m/z 417 product and
the rate of increase of m/z 479 does not appear to be related, thus m/z 417 is probably not
an intermediate for formation of m/z 479. Additionally, proposed structures also suggest
that m/z 417 cannot lead to formation of m/z 479. Figure 19 shows the formation of each

product over time in each matrix.
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Figure 19. Transformation products of doxycycline as mass spectrum peak area over

time. Results are based on three sets of replicated data. Error bars represent the standard
deviation from three repeated experiments.
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The minor and major fragments obtained in MS/MS analysis (Figure 20) helped
determine the structure of the transformation products (Figure 21). The retention time for
the transformation products helped determine the relative hydrophobicity of each product
compared to doxycycline and make sure that it is consistent with proposed structure
(chlorination generally making the product more hydrophobic and leading to longer
retention time). In fragmentation analysis, the main fragment losses were hydroxyl group
(-17 u, m/z 417 to m/z 400), HCI (-36 u, m/z 547 to m/z 511) and N(CHj3), (-45 u, m/z
479 to m/z 434 and m/z 513 to m/z 468). The loss of HCI in fragmentation was observed
in only one product (m/z 547), which confirms that the location of the third chlorine
addition is different and less stable than the location of the first two chlorination

reactions, although location other than the proposed one is also possible.
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Figure 20. Proposed transformation products with corresponding MS/MS fragments and
proposed major/minor structures.
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Figure 21. Chemical structures of transformation products and of parent compound,
doxycycline, with corresponding m/z values and retention time (RT).
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Figure 19 shows that the non-chlorinated product formed in greater abundance in
wastewater, while chlorinated products were favored in ultrapure water. This suggests
that one or more of the chlorinated products may be exhibiting antibacterial activity.
Tetracycline antibiotics are protein synthesis inhibitors, and the functional groups
responsible for their ability to bind to proteins are hydroxyl and keto groups located on

the upper side of the molecule as drawn in Figure 21.'%

Another important group is the
dimethylamine group. Since epimerization of this group leads to the loss of biological
activity by the molecule,'?® it is reasonable to expect that more dramatic changes, such as
demethylation proposed in the products with m/z 417 and 451, would lead to a formation
of an inactive product. Modifications to the other amine group, such as that proposed for
the product with m/z 547, have also been shown to remove antibacterial activity.'**
Therefore, the products with m/z 479 and 513 are most likely the ones exhibiting
antibacterial activity, as the important functional groups are unaffected in those products.

The remaining products will likely exhibit no or significantly diminished antibacterial

activity.

3.9 Ciprofloxacin

Ciprofloxacin belongs to the fluoroquinolone class of antibiotics and is used to
treat bacterial infections. It stops bacteria from multiplying by inhibiting the reproduction
and repair of their DNA.'**1%°

The assay experiments clearly show retention of antibiotic potency by the

transformation products (Figure 22). Ciprofloxacin shows stable formation of active
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products over time in both ultrapure water and wastewater (Figure 22). The concentration

of active products is similar in ultrapure water compared to wastewater.
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Figure 22. PEQ vs. normalized concentration of ciprofloxacin in ultrapure matrix (A) and
wastewater effluent matrix (B) after specific time intervals of chlorine exposure. Results
are based on three sets of replicated data. Error bars represent standard deviation from
three repeated experiments.

3.10 Transformation Products - Ciprofloxacin

Several chlorinated and non-chlorinated products formed in the samples with
ultrapure and wastewater where ciprofloxacin was present. Five major transformation
products were formed with ciprofloxacin as the parent compound; two of them
chlorinated. Their probable reaction pathways and chlorine isotope identification were
used to propose the structures of transformation products. All five products formed in the

ultrapure water matrix and in the wastewater matrix. The products had m/z values
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(protonated masses) of 306 (non-chlorinated), 263 (non-chlorinated), 389 (di-

chlorinated), 300 (non-chlorinated), and 367 (mono-chlorinated). Figure 23 displays the

relative abundance for product formation for ciprofloxacin TPs. The TPs with m/z 306

and 389 formed better in wastewater. The products with m/z 263, 300 and 367 showed no

difference in formation in two matrices. For the m/z 300, the results show slight continual

increase in ultrapure water, while it stays stable in wastewater after initial formation.
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Figure 23. Transformation products of ciprofloxacin as mass spectrum peak area over
time. Results are based on three sets of replicated data. Error bars represent the standard

deviation from three repeated experiments.
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The essential structure of the fluoroquinolone class antibiotics can be seen in
Figure 24. H can be replaced by other elements to form antibiotics. Those groups would
be more accessible and likely to participate in reactions than the two rings. This essential

structure was maintained for four of the five proposed TPs of CIP.

|
H N
| OoH
H 0 0

Figure 24. Essential structure of fluoroquinolone class antibiotics

Figure 25 shows the transformation products as well as their corresponding m/z
values. The product m/z 306 loses two carbons and two hydrogens from its piperazinyl
ring. From the m/z 306 structure, the m/z 263 loses two carbons, five hydrogens, and a
nitrogen. The m/z 263 has been seen in a previous study,'*' where most of the piperazinyl
ring is released, leaving an amine group. The m/z 300 can be seen in other work as

well'*?

, where the piperazinyl group initially obtains a doubled-bonded oxygen but then
loses a C,H, and a flourine.'*

The product m/z 389 adds two chlorines (evidenced from isotope identification
and the proposed locations can be seen in Figure 25). These locations were chosen as
favorable from previous studies placing the initial chlorine on the essential

. 133-134
fluoroquinolone structure.'*> ">

The second chlorine is placed on the piperazinyl ring,
while there is a loss of a carbon and hydrogen on the cyclopropane structure.

Product m/z 367 has a simple addition of +35 (the mass of one chlorine), and

upon LC/MS analysis, one chlorine isotope was discovered. As previously discussed, the



-CH | +2Cl

chlorine atom was placed in the most favorable location. This structure was reported in

. 134 . . .
previous work'** however a proposed alternative structure can be seen in Figure 25.
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Figure 25. Chemical structures of the transformation products and parent compound,
ciprofloxacin, with their corresponding m/z values and retention time (RT).
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The results show the reaction between ciprofloxacin and chlorine happens over
the 2 h in ultrapure water and wastewater. The products appear within the first 15 min of
the reaction with little change over the remaining time of chlorine exposure. A higher
concentration of chlorine was used for wastewater than in ultrapure water. This was

because the wastewater constituents competed with ciprofloxacin for the chlorine.

3.11 Levotloxacin

Levofloxacin belongs to the fluoroquinolone class of antibiotics and can be used
to treat sinus, skin, lung, and urinary tract infections.'** The normalized concentration of
levofloxacin decreased quicker in ultrapure water than in the wastewater matrix. Active
TPs were seen in both ultrapure water and wastewater for the experiments with
levofloxacin. The formation of active products from levofloxacin was observed to
increase with longer exposure times in ultrapure water. The formation of active products

of levofloxacin seem to be hindered by the wastewater matrix (Figure 26).
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Figure 26. PEQ vs. normalized concentration of levofloxacin in ultrapure matrix (A) and
wastewater effluent matrix (B) after specific time intervals of chlorine exposure. Results
are based on three sets of replicated data. Error bars represent standard deviation from
three repeated experiments.

3.12 Ofloxacin

Ofloxacin is a part of the fluoroquinolone class of antibiotics and is used for
prostatitis, infectious diarrhea, and along with other pharmaceuticals can be used for
multidrug resistant tuberculosis.'*>"*® Ofloxacin is a racemic mixture of the enantiomers
of levofloxacin and dextrofloxacin. Levofloxacin is the more biologically active
enantiomer. Dextrofloxacin, has significantly less biological activity. With dextrofloxacin
being an enantiomer of levofloxacin, the corresponding TPs can be enantiomers and can
potentially have different antibacterial activity. Levofloxacin and dextrofloxacin differ
only by the chirality of the carbon to which the methyl is attached. Although the products

of levofloxacin and ofloxacin may have different activities, any enantiomers will not be
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distinguishable from each other using mass spectrometry analysis without the use of a

chiral crown.

After the initial drop from exposure in the first 0.5 min, the normalized
concentration of ofloxacin saw a steady decrease for both ultrapure water and
wastewater. Active TPs were seen in both ultrapure water and wastewater for the
experiments with ofloxacin. The active products of ofloxacin appear to form with longer
exposure times in both matrices (Figure 27). Different trends in wastewater matrix for
levofloxacin and ofloxacin suggest that dextrofloxacin is capable of forming

transformation products that are more active than parent compound, levofloxacin or

dextrofloxacin.
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Figure 27. PEQ vs. normalized concentration of ofloxacin in ultrapure matrix (A) and
wastewater effluent matrix (B), after specific time intervals of chlorine exposure. Results

are based on three sets of replicated data. Error bars represent standard deviation from
three repeated experiments.
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3.13 Transformation products — Levofloxacin and Ofloxacin

Several chlorinated and non-chlorinated products formed in the samples with
ultrapure and wastewater matrices where levofloxacin and ofloxacin were present. Both
antibiotics had similar products with the same m/z value, but there were differences in
which products were more pronounced for these antibiotics. Numerous TPs formed from
these antibiotics with the most prominent seven shown in Table 17 and Table 18 for the
corresponding antibiotic. Some TPs were equally prominent for both compounds. The
parent stereoisomer compounds for levofloxacin and ofloxacin can be seen in Table 16.
The different orientation between the two compounds is depicted. The relative abundance
of these products in each matrix can be seen in Figure 28 and Figure 29. Of these eight
transformation products, six are chlorinated.

One, m/z 269, was present in all experiments involving levofloxacin (in ultrapure
water and wastewater) and ofloxacin (in ultrapure water and wastewater). This product
formed during the initial rapid reaction between the antibiotic and chlorine and had a RT
of 8.0 min for LVF and OFL. Though this product has not been previously seen in other
studies, the proposed degradation pathway is similar to products seen in previous work
where the piperazinyl and carboxyl groups are affected."*” The proposed degradation
process involves the loss of the piperazinyl ring and a chlorine replacing the carboxyl
group.

The m/z 279 has been seen in previous work'*”"** involving photocatalytic

degradation with the elimination of the piperazinyl ring."*’
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The m/z 304 has a substitution of the carboxyl group with a hydroxyl, opening of
the piperazinyl ring with an addition of a hydroxyl, and an elimination of the morpholine
ring leaving behind a hydroxyl group and adding a chlorine.”

The proposed product with m/z 326 has been detected previously”, where the
piperazinyl rings opens and loses C,Hg and the carboxyl group is replaced with a
chlorine. The m/z 352 was also reported in the same study.” In this product chlorine
replaces the carboxyl group.

139-140

Previous work has shown the possibility of the pyridone ring opening plus

the addition of the CI give the proposed m/z 360. The m/z 378 has an addition of a

hydroxyl group on the morpholine ring as shown in a previous study."’

Table 16. The parent compounds of levofloxacin or ofloxacin (dextrofloxacin), both
antibiotics having an m/z 362.

m/z RT Chlorine Levofloxacin Ofloxacin (Dextrofloxacin)

HC O O/\rc“z O o /\L\\\\
362 | 3.27 0 m I
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Table 17. Chemical structures of the transformation products and their corresponding m/z
values and retention time (RT). “X” indicates presence of the transformation product.

Levofloxacin
/ RT hlori
m/z Chlorine Structure Ultrapure | ewater
water
CH;
O/\‘/
H,N N
269 | 8.02 1 | X X
F cl
(o]
/\(G"
279'3%| 9.98 0 jii(nj\n/ X )
H,C\N/\ O/\‘/CHz
352 | 9.95 1 bm - X
/\FN /\r‘[¢0
oot | 1377 1 . X ]
HZC\N O)w/ﬂ'h
37871 9.04 0 Om\( i X
|
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Table 18. Chemical structures of the transformation products and their corresponding m/z
values and retention time (RT). “X” indicates presence of the transformation product.
Ofloxacin

m/z RT Chlorine Structure Ultrapure
water

CH,
O/\/
H,N N
269 8.02 1 I X X
F Cl
(o]

Wastewater

)T
304 | 12.05 1 o m N - X
I
F oH

o

H;C\NH O/ﬁ/&l,
326™ | 10.94 1 k/ﬁ N - X
F Cl
o}
H3C\N/ﬁ O/Ym3
352% 9.95 1 K/N N X -
|
F Cl
o

3607 | 13.77 1

HO

o
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The TP abundance for levofloxacin from experiments in ultrapure water and
wastewater can be seen in Figure 28. The m/z 269 (mono-chlorinated) had higher
abundance in ultrapure water than wastewater. The m/z 279 (non-chlorinated) appeared
only in ultrapure water with slow decline in formation over time. The m/z 360 (mono-
chlorinated) appeared in ultrapure water and increased in formation over time. M/z 352
had steady formation throughout time and m/z 378 increased formation over time
eventually decreasing after 1 h of reaction time, both appearing in wastewater only.

For these experiments, antibacterial activity increased with time suggesting that some or
all of the products showing an increase in abundance over time are likely the ones with

antibacterial activity.
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Figure 28. Transformation products of levofloxacin as mass spectrum peak area over
time. Results are based on three sets of replicated data. Error bars represent the standard
deviation from three repeated experiments.
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Figure 28. Transformation products of levofloxacin as mass spectrum peak area over

time. Results are based on three sets of replicated data. Error bars represent the standard
deviation from three repeated experiments.

The TP abundance for ofloxacin from experiments in ultrapure water and
wastewater can be seen in Figure 29. The m/z 269 (mono-chlorinated), the only TP to
appear in both LVF and OFL in ultrapure water and wastewater, had higher abundance in
ultrapure water. The m/z 352 (mono-chlorinated), appeared in ultrapure water. The m/z
304 (mono-chlorinated) had highest formation at 5 and 10 min, otherwise remained stable
throughout time. The m/z 326 and 360 (both mono-chlorinated), appeared in wastewater
only and had steady formation over time.

The piperazinyl group was most frequently affected in the proposed structures.
This group is important to fluoroquinolone class antibiotics as it controls the activity for
gram-negative bacteria.'*' The carboxyl group was the second most affected group in the

proposed structures and is important for transport of the antibiotic into bacterial cells.'*" .
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For these reasons, the likely proposed products retaining antibacterial activity is m/z 389

in ciprofloxacin, m/z 352 and 378 in levofloxacin, and m/z 352 in ofloxacin.
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Figure 29. Transformation products of ofloxacin as mass spectrum peak area over time.
Results are based on three sets of replicated data. Error bars represent the standard
deviation from three repeated experiments.
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Results are based on three sets of replicated data. Error bars represent the standard
deviation from three repeated experiments.
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CHAPTER 4: CONCLUSIONS
The goal of the research conducted was to identify major unrecognized sources of
pharmaceutically active compounds in the environment. The sources considered included
waste disposal from healthcare facilities, landfill leachates, and transformation product

formation during disinfection of wastewater.

4.1 Pharmaceutical disposal in healthcare settings

The main objective in evaluating healthcare facilities load was to explore their
pharmaceutical waste handling practices and determine whether they present a substantial
load through sewage disposal or through landfill leachate. This was accomplished by
understanding the disposal methods utilized by healthcare facilities for non-regulated
pharmaceutical waste.

The results showed that most healthcare providers utilize special pharmaceutical
waste collection programs and are disposing of non-regulated pharmaceutical waste in a
responsible manner. However, the volume of pharmaceutical waste generated by medical
facilities is very large (upwards of hundreds of pounds per week by a single facility). If
even a few medical facilities did not segregate pharmaceutical waste, it could have a
major impact on the receiving landfill or WWTP. More outreach and information
campaign efforts may be useful to encourage these special collection programs.

Special pharmaceutical waste collection programs vary greatly depending on the
facility and program they are using. It may be beneficial to have standardized waste
collection programs to decrease the variability between facilities. Some healthcare

providers were unable to report an overall accumulated amount of waste generated at
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their facility. This implies that there may be a need for better organization and
classification of waste. The waste should be recorded weekly or monthly depending on
how much is generated and broken down into the different categories of waste. Although
this can be done by an outside consultant, the facilities should be able to know the
amount generated and have record of their accumulation over time.

Furthermore, some employees are not aware of what comprises the waste
described on the receptacle so they may discard waste into the wrong receptacle. This is a
problem because every type of waste has different costs of disposal. For example,
hazardous waste is very expensive to dispose of and if non-hazardous waste is combined
with hazardous waste, the total volume will incur a higher fee. This is also a concern as
healthcare systems are billed for every pound disposed, and the disposal charges can
comprise a significant percentage of the overall budget. With better employee education
about disposal procedures money can be saved and utilized where it may be needed more.
Also, expenses can be discouraging for facilities from participating in voluntary
pharmaceutical separation programs. Better management of these waste streams to
minimize the unnecessary expenses can lead to broader participation.

From the data collected, there was about 10% (4 out of 37 facilities surveyed) of
healthcare facilities that disposed portions of pharmaceutical waste through local
municipal utilities (landfill or WWTP). The other 90% utilize special pharmaceutical
waste collection programs or discard non-regulated pharmaceuticals with DEA regulated
medical waste. This small percentage of non-participating facilities is still a concern as

discarded pharmaceuticals may lead to water resources contamination, and in the case of
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antibiotics (which is incidentally one of the highest volume class of discarded

pharmaceuticals), lead to development of antibiotic resistance within the environment.

4.2 SPE techniques

Pharmaceuticals have been reported in leachate and typically methods involve
using HLB cartridges for extraction. However, leachate has a high organic load and can
quickly coat the cartridge media and prevent pharmaceuticals from being extracted. For
this reason cartridges were tested with size exclusion capacity to understand if improved
pharmaceutical detection could be obtained compared to traditional methods. Improved
extraction could reveal that higher concentrations of pharmaceuticals are present in
leachates than what has been shown in previous research.

Results showed variance amongst the cartridges for recovery of chosen
compounds in leachate. The best recovery among the four cartridges was seen with PPL
(61-95% recovery) and the lowest recovery was with HLB (50-89% recovery). This
shows that leachate can have a significant effect on SPE recovery.

All the cartridges performed reasonably well compared to each other (recoveries
of 61-95% PPL, 50-89% HLB, 68-92% PLEXA, and 63-93% ENV), although the three
alternative cartridges outperformed the current industry standard HLB. Though there was
no statistical significance between the four cartridges used, the extraction results for
complex leachate matrices can be improved by introducing a size-exclusion element to
the extraction. CBZ was likely lost due to its adsorption to leachate humic substances that

are not well retained by the cartridges.



95

The study found improved extraction techniques for leachate, enhancing the
detection capabilities. However, the improvement was subtle and does not suggest that

leachates are an underappreciated source of pharmaceuticals.

4.3 Pharmaceuticals in WWTPs

It is known that transformation products form during wastewater disinfection but
what is more important is the properties of environmental relevance of the transformation
products (e.g. toxicity, endocrine disrupting potential, etc.). If transformation products
retain their pharmacological activity, they become an unaccounted for source of
pharmaceuticals in the environment. Transformation happens mainly in chemical
disinfection processes, although some pharmaceuticals can be biodegradable. The focus
for this work was on the antibiotic class of pharmaceuticals because of their major public
health significance. Chlorine disinfection was chosen because it is the most common
method for disinfecting wastewater before discharge into the environment. Microbial
assays were used to evaluate the antibacterial activity of the products that formed and
mass spectrometry was used to propose product structures, if antibacterial activity was
detected.

The results showed that during chlorine disinfection some of the transformation
products of common antibiotics retained antibiotic properties. The formation of these
products was observed in ultrapure water and in wastewater effluent matrix. Some of the
products, in regards to doxycycline, were inhibited in the presence of wastewater. This

inhibition was not seen in the fluoroquinolone class antibiotics (CIP, LVF, and OFL).
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The fluroquinolones had some TPs that formed better in ultrapure water and some that
formed better in wastewater. For SMX and TMP no active products were detected.

With these antibiotics having pK,’s so close to neutral, examination of the
formation of active products for doxycycline and fluoroquinolones at a range of pH may
be desirable to determine whether ionized and non-ionized forms of the pharmaceutical
form different products or if they form different products in the reaction with OCI" vs
HOCI.

The results highlight the potential for antibacterially active products of antibiotics
forming during chlorine disinfection and emphasizes the need to evaluate the properties
of other common antibiotics. Minimum concentrations that exert selective pressure for
many antibiotics are very close to environmental concentrations, and thus the same could
be true for the transformation products. Antibacterially active transformation products
may still select for antibiotic resistant microorganisms in the environment. Chlorine
incorporation into the structure was an important transformation pathway which may
affect the toxicity of products of other, non-antibiotic pharmaceuticals as well.

A continued concern is the amount and range of pharmaceuticals entering the
environment. Increased variability of pharmaceuticals and antibacterially active
transformation products enhance the concern for resistant bacteria and adverse effect on
human health. It is the hope that this study emphasizes the need for proper disposal of
pharmaceuticals and for additional efforts in understanding the TPs forming in treatment

processes and ways to mitigate the potential effects.
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