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10. Abstract

Pharmaceuticals and personal care products (PPCPs) have recently been identified in the
environment and are considered potent endocrine disruptors, drivers for the development of
antibiotic resistance, and considered as persistent chemicals. These contaminants can reach the
soil and aquatic environment through land application of wastewater and agricultural runoff.
Several studies have determined that these compounds are not completely removed during the
wastewater treatment process, and can be detected in stream surveys in the United States.

The overall goal of this research is to study the fate of pharmaceuticals at field scale. The
unique study site is a wastewater land application site used for nutrient removal and non-edible
crop production. The Lubbock Land Application Site (LLAS) has received wastewater effluent
for over 70 years, and is an ideal site to determine the long-term fate of PPCPs in the
environment above drinking water sources. Factors affecting the fate of target PPCPs will be
investigated.
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11. Statement of Critical Regional Water Problems

Although pharmaceuticals and personal care products (PPCPs) may exist in minute
quantities, long-term release of them may result in significant environmental concentrations.
PPCPs enter the Lubbock Water Reclamation Plant (LWRP), a major full-scale wastewater
treatment plant in Lubbock, TX, via the disposal of residential wastewater which is the main
source (85%) of influent to the plant. Previous work was conducted at the LWRP to investigate
the levels of a common antibiotic, amoxicillin. Wastewater samples were analyzed for
amoxicillin as well as antibiotic resistance. The results indicated that amoxicillin can be detected
in the influent of the plant. Since target PPCPs: estrone, 17p-estradiol, 17a-ethynylestradiol,
estriol, caffeine, and triclosan may not be completely removed during the wastewater treatment
process, these compounds may be discharged into streams and land application sites, and
eventually contaminate quatic environment or persist in surface water, groundwater, and soil. If
these compounds persist in the effluent, the choice of wastewater treatment and water reuse



alternatives needs to be considered carefully to minimize exposure to humans, or treatment
processes must be improved to protect humans and the environment. In addition, as the City of
Lubbock prepares to change their water reuse practices from irrigation of farmland to stream
discharge into a reservoir system, the fate of PPCPs should be evaluated. Therefore, this study
should be completed to determine if PPCPs represent a future problem.

12. Nature, Scope, and Objectives of the Research.

The proposed research outlined here is part of a larger project (funded by the U.S. EPA)
on the long-term fate (occurrence, sorption, biodegradation, plant uptake) of pharmaceuticals and
law and policy questions related to water re-use. The proposed research will only focus on a
portion of those objectives consistent with the amount of funds requested.

During the last few years, PPCPs have been identified in the environment and studies
have focused on their ecotoxicity [1]. Some natural estrogens, such as estriol, estradiol and
estrone are considered to be potent endocrine disruptors [2,3]. However, the fate and the
persistence of these compounds is still unclear [1,2,4,5]. Other antimicrobial compounds, such as
triclosan which is used in many personal care products are believed to lead to the development of
antibiotic resistance and are considered as persistent chemicals in the environment [6]. These
PPCPs transport to municipal wastewater treatment plants and eventually are discharged into the
aquatic environment or persist in surface water, ground water, and soil [7,8]. Several studies
determined that these compounds are not completely removed during the wastewater treatment
process, and can be detected in stream surveys in the United States [2,9,10].

Objectives
The goal of the proposed research is to investigate the fate of PPCPs at field scale.
Specific objectives include:
1. Developing analytical methods to measure PPCPs in water, wastewater and soil.
2. Extending developed methods to analyze target PPCPs in wastewater, groundwater
and soil collected from study site (Lubbock Land Application Site).

Experimental Approach

The research is divided into two phase. In Phase I, information regarding the presence
and absence of PPCPs in the effluent of the Lubbock Water Reclamation Plant and the
groundwater at the Lubbock Land Application Site will be collected. Phase II will identify the
presence and concentration of the target PPCPs in soil samples collected from the Lubbock Land
Application Site.

Phase I: Evaluate the presence of target PPCPs in groundwater recharged through
wastewater reclamation at a Lubbock Land Application Site (LLAS).

Water samples will be collected to gather data regarding the presence and absence of
PPCPs at the LLAS and their persistence in the groundwater recharged by surface irrigation.
Water samples will be collected at the Lubbock Water Reclamation Plant (LWRP) to evaluate
the presence and absence of PPCPs in the wastewater discharged as well as determine the impact
of the current treatment technologies employed at the treatment plant. The target PPCPs to be
evaluated in this study are: estrone, 17f-estradiol, estriol, 17 [-ethynylestradiol, caffeine, and
triclosan. Water and sludge samples from the treatment plant will be collected from the



following locations: Plant influent, aeration basin, plant effluent, digested sludge, and digested
sludge supernatant. The groundwater samples will be collected from a tap near the wells.

The solid phase extraction, and conventional (HPLC) and hyphenated (HPLC-MS)
analytical techniques exist will be used to for the analysis of PPCPs in samples. The methods
relevant to the proposed work [4,7] will serve as a starting point and will then be developed
based on the target PPCPs and equipment available. Confirmatory analyses on a portion of the
samples (10-20%) will utilize HPLC-MS.

Phase Il: Ascertain the quantity of PPCPs in the soil at the wastewater application site.

At the LLAS, PPCPs may accumulate in the soil, but at different concentrations from
those that may be predicted by the soil-water partition coefficient for the contaminant. Therefore,
soil samples will be collected at soil surface and analyzed for the targeted PPCPs. Soil sample
collection will coincide with water sample collection (Phase I) at the LLAS.

Methods for the extraction of PPCPs from sewage sludges, sludge-treated soils, and
surface soils are available [11-14]. These methods will serve as a starting point and will then be
developed based on the target PPCPs. The analytical methods to measure PPCPs in water,
wastewater, sludge and soil will be developed with the equipment available. Conventional HPLC
(UV, Fluorescence) will be the primary mode of analysis. Confirmatory analyses on a portion of
the samples (10-20%) will utilize HPLC-MS.

13. Results Expected from this Project

The outcomes of this work include identifying the fate and transport of PPCPs in natural
system, and determining PPCPs in water, wastewater, and soil. Factors affecting transport and
persistence of PPCPs in the environment may be obtained from data collected during the study.
The information collected from this research such as the amount of PPCPs in influent and
effluent may be useful for wastewater treatment system to be upgraded to minimize these
compounds. The study may provide long-term attainment in case that the water reuse practices
are changed from irrigation of farmland to stream discharge into a reservoir system.
Accordingly, the fate of PPCPs should be evaluated if they are persist in wastewater treatment
systems which means that target pollutants have possibility to accumulate in an aquatic system
such as the future reservoir system.
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