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Abstract

Pharmaceuticals and personal care products are emerging contaminants of concern to drinking
water supplies and aquatic ecosystems. This proposal addresses the ability of the soil microbial
community to remove commonly occurring compounds, 17B-estradiol, estrone, estriol, and 17a-
ethinylestradiol, ciprofloxacin, triclosan and ibuprofen from wastewater effluent prior to entering the
groundwater or surface waters.

Statement of Critical Regional Water Problem

As water supplies become more limiting (especially in the arid Southwest) and water re-use
practices change, pharmaceuticals and personal care products in municipal water supplies and the level of
effluent treatment become an important human and environmental health issue. Information generated
from the proposed research will broadly impact our ability to evaluate the effectiveness of wastewater
treatment systems to minimize micropollutants and their transport to downstream drinking water supplies.

Proposed Research

We propose to investigate the long-term fate of pharmaceuticals and personal care products
(PPCPs) in the soil from a large municipal waste water treatment plant (WWTP) effluent land application
site. The Lubbock Waste Water Reclamation Plant 3 employs simple primary and secondary processing
with no advanced treatment processes. Effluent from this plant is applied at the Lubbock Land
Application Site (LLAS) for non-edible crop production and nutrient removal before entering the
underlying groundwater aquifer. Because the LLAS has received wastewater effluent for over 70 years it
is an ideal field site to study the persistence and fate of micropollutants in the soil. The goal of this
research is to determine the role of soil bacteria and fungi in transforming a variety of common PPCPs
before they are transported to the groundwater. As the City of Lubbock (and other areas of the southwest
U. S.) prepares to change their water reuse practices, the fate of these micropollutants should be
evaluated. Information generated from the proposed research will broadly impact our ability to evaluate
the effectiveness of wastewater treatment systems to minimize micropollutants and their transport to
groundwater and downstream drinking water supplies. 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.

Background

Several recent media accounts have focused attention on prescription, over the counter drugs, and
personal care products showing up in the nation’s drinking water sources. While PPCPs have been
identified in the environment for several decades (Kummerer, 2001), the fates and persistence of these
compounds are not well known. These compounds are considered micropollutants and can be found in



wastewater and surface and groundwater near wastewater discharge areas. They can include birth control
hormones, antibiotics, antimicrobials, pain relievers, insect repellants and caffeine to name only a few. In
general these are compounds with known pharmacological actions in humans and animals and, although
quantities of these contaminants in wastewater may be low, they are continuously present and constitute a
constant exposure. In most cases, no regulatory limits have been set for these compounds and their
discharge from WWTPs; their fate and persistence in the environment are largely unknown.

Natural and synthetic estrogens (4-nonylphenol, DDT and Bisphenol-A) have become emerging
contaminants of concern because of their ability to disrupt the endocrine system (EDC) and cause long-
term impacts to wildlife and human health (Lee and Liu, 2002; Hermanowicz and Wozei, 2002; Norris
and Carr, 2006). Investigations into the removal of EDCs from water in WWTPs have shown that bacteria
in activated sludge systems can reduce concentrations of natural and synthetic estrogens and their
breakdown products (Hermanowicz and Wozei, 2002; Anderson et al. 2003). Sorption to sludge
particulate matter and biodegradation appear to be the most important removal processes for EDCs in
wastewater treatment systems, though microbial populations vary in their ability to degrade estrogens
(Layton et al. 2000). While studies have confirmed the ability of EDCs to partition to solids in WWTPs
(Gomes et al. 2004), less than 3 percent of the estrogenic activity was found in the sludge (Korner et al.
2000) and only 5 percent of the estrogens were absorbed onto digested wastewater sludge (Anderson et al.
2003). This implies a significant fraction may be susceptible to microbial degradation.

Several studies have detected antibiotics such as ciproflaxacin (Alder et al. 2000), erythromycin
(Hirsch et al. 1999), and penicillin types (Hallig-Sorensen et al. 1998) in WWTP effluents at ng/L to ug/L
concentrations. According to a study by the U.S. Geological Survey (Kolpin et al. 2002) out of 31
antibiotics and antibiotic metabolites measured only 17 were detected, indicating a strong need for
information regarding the fate and transport of antibiotics in the environment.

Many PPCPs other than antibiotics and EDCs have been detected in surface water and wastewater
effluents. In the above mentioned USGS study, the most frequently detected compounds were
coprostanol (fecal steroid), cholesterol (plant and animal steroid), insect repellant (N,N-diethyltoluamide),
caffeine, triclosan (antimicrobial disinfectant), fire retardant ((tri(2-chloroethyl)phosphate) (Kolpin et al.
2002). Caffeine and Ibuprofen have been shown to persist up to 6 months in groundwater aquifers (Drews
et al. 2003). The concentrations of these chemicals leaving water treatment facilities and their
environmental persistence have profound implications for water quality and health standards.

Hypothesis

Biotransformation and sorption limit the accumulation of micropollutants at the Lubbock Land
Application Site (LLAS) and prevent their contamination of the groundwater and downstream drinking
water supply.

Specific Aim
To assess the role of biotransformation and sorption of micropollutants applied to the LLAS

under aerobic and anaerobic conditions in soils of long-term exposure to PPCPs and soils not exposed to
PPCPs. The micropollutant compounds to be evaluated in this study are often found in drinking water
sources and have been determined to have a negative environmental effect in surface water ecosystems.
They include:

»  Endocrine disruptors: 17p-estradiol (E2), estrone (E1), estriol (E3), and 17a-ethinylestradiol

= Antibiotics: Ciprofloxacin

= Personal Care Products: Ibuprofen and triclosan

Research Plan

We propose to assess the role of biotic and abiotic processes on the micropollutants applied at
the LLAS using aerobic and anaerobic bottle studies. Differing chemical structures lend themselves to
either aerobic or anaerobic transformation processing by indigenous bacteria (Maier et al. 2000). Upper
soil layers will have higher oxygen levels while saturated or lower soil layers are potential low oxygen



environments resulting in differing microbial populations. To examine all potential fates for the applied
micropollutants both anaerobic and aerobic bottle studies will be conducted. Killed (autoclaved) controls
will be used to determine abiotic sequestering potential in these soils. Soils from an effluent application
site and from a control site with no exposure to WWTP effluent will be compared for their ability to
biotransform commonly occurring PPCP compounds.

The aerobic bottle study will be conducted at 50% field capacity conditions. Ten grams of soil
will be added to a 120 ml clear glass bottle and spiked with known concentrations of the micropollutants.
The headspace will be sparged with oxygen, the bottles sealed. No additional carbon or nutrients will be
added. The bottle studies will be conducted in triplicate over 14 d. and soil samples will be collected at 0,
3,7, and 14 d. and analyzed for micropollutant concentrations. The data collected will indicate the
ability of these pollutants to be degraded aerobically by indigenous microbes as well as the rate of this
biological degradation. Autoclaved soils from the exposed and non-exposed sites will be subjected to the
same treatment described above, and will be used to determine the ability and potential rate of abiotic
degradation as well as the partitioning of the micropollutant to the soil matrix at the study site. The
anaerobic bottle study will be conducted in the same fashion as the aerobic bottle studies; however the
headspace will be sparged with nitrogen rather than oxygen.

At the conclusion of each incubation period (0, 3, 7 and 14 d.), micropollutants will be extracted
from the soil in the bottles with acetonitrile using published methods (Golet et al. 2003; Christian et al.
2003). Micropollutant concentrations will be determined by conventional HPLC (UV, Fluorescence)
analytical techniques (Wibawa et al. 2002; Golet et al. 2001; Kolpin et al. 2002). The above analytical
equipment is available within the facilities of the investigator. Decreases in micropollutant concentration
will be compared among treatments by ANOVA and Tukey- Kramer multiple comparison test.

A comparison of the microbial populations between the control and effluent-exposed sites will be
conducted by pyrosequencing extracted DNA in cooperation with Scott Dowd at USDA.

Expected Results and Limitations

The expected results of this project include both short-term and long-term outcomes. The
outcomes of this work include identifying the fate and transport of micropollutants in a natural system and
assessing the role of biotic and abiotic mechanisms on the persistence of micropollutants in the
environment. While it is expected that results obtained in this study will be applicable to many arid soils,
complex environmental interactions may limit the ability to transfer these results to generalized soil
environments.

Planned Dissemination of Results and Future Support

Results of this study will be presented orally to the City of Lubbock and initially at regional
meetings of the Society of Environmental Toxicology and Chemistry (SETAC). A final report including
manuscripts resulting from this research will be presented at the completion of the project. Results will be
submitted as a manuscript(s) to a peer-reviewed journal.
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