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 This summer, I worked with Dr. Deborah McGrath of Sewanee’s Biology department to 

continue the research Erica Teasley and Julie Bennett had begun the summer before.  The 

primary goal of the research was to examine how the Sewanee Utility District’s (SUD) tertiary 

treatment step of land application affects low-level pharmaceutical and personal care product 

(PPCP) and steroid hormone contamination in wastewater.  The research I conducted is also part 

of an ongoing seasonal comparison study preformed in collaboration with Tennessee 

Technological University (TTU). The seasonal study is focused on examining contamination 

fluctuations throughout the year in both Sewanee, TN and Cookeville, TN.  

Sewanee offers an exceptional opportunity for both the contaminate and seasonal 

research studies for two reasons.  First, the contamination data collected at the SUD is valuable 

to the seasonal study because Sewanee is located at the top of its watershed.  As the preliminary 

research from last year indicated, the water reservoirs utilized by Sewanee had no detectible 

PPCP contamination; therefore, any trace contamination found at the SUD treatment facility is 

known to come from the Sewanee community.  This fact eliminates many variables and presents 

a clearer study. The second reason Sewanee is uniquely suited for this research is that, at the 

SUD, treated effluent is sprayed on fields and allowed to filter through the soil and vegetation 

before collecting in streams, in contrast to wastewater treatment facilities which pump treated 

effluent directly back into the local watershed without exposing it to soil or vegetation first.   This 

tertiary treatment utilized by the SUD is essential for the primary study, which examines if land 

application of treated wastewater offers a potential solution to PPCP or hormone contamination.  

In order to sample contamination, a set of three Polar Organic Chemical Integrative 

Samplers (POCIS) were placed in untreated effluent, chlorination tank, and creeks fed by spray 

field runoff.  By placing POCIS at multiple stages of treatment, we are able to monitor which 

contaminates are affected by each stage of the treatment process. POCIS are used despite the 

additional challenges they cause in quantification, because studies have shown they offer more a 
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comprehensive reflection of low-level contamination than grab sampling.  Each set POCIS was 

deployed 23 to 26 days before being collected and extracted.  

 Historically, the Sewanee portion of this study has relied heavily on outside labs for 

analysis.  As a Chemistry major, one of the reasons I was drawn to the project was the potential 

to develop the necessary protocols and skills to do that analysis on campus.  By transferring 

much of the lab work to the Sewanee campus, we were able to both reduce the expense of the 

study and provide valuable hands-on experience to Sewanee students.   

In the past, POCIS were purchased fully constructed from Environmental Sampling 

Technologies (EST) lab and individuals at TTU were paid to preformed extraction and analysis.  

However this summer, Kathryn Gray, another Sewanee student, and I took over the responsibility 

of both assembling the POCIS samplers and extracting them after deployment.  By moving these 

tasks to Sewanee facilities, we removed many variables associated with transporting the disks.  

On a personal level, by being a part of both assembly and extraction, I gained an understanding 

of the chemistry behind how the POCIS function to which I previously had not been exposed.  

One of my personal goals, for this summer, was to perfect the methodology for the 

analysis of PPCP.  Sewanee has recently acquired a High Performance Liquid 

Chromatography/Tandem Mass Spectrometry System (LC/MS/MS), which is capable of 

performing the analysis required for the study.  One of my primary roles, as the first Sewanee 

chemistry major to take part in this project, was to help the project become self-sufficient with the 

chemical analysis of PPCP contaminates.  Prior to this summer, no one involved in this project 

really knew what a daunting challenge gaining such self-sufficiency would be.   

In preparation for this summer internship, during the spring of 2011, Dr. McGrath 

purchased standards of the compounds I would be testing for in order for me to begin to run 

known solutions through the LC/MS/MS and become familiar with the unique chemical fingerprint 

of each compound.  During this time, I followed procedural guidelines (methods 1694 & 1698) 

outlined by Environmental Protection Agency to look at stock solutions of PPCP and hormones 
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(such as estrogen, progesterone, and common metabolites).  The results from these preliminary 

studies were inconsistent and unreliable.  By the end of the spring, it became clear that, in order 

to succeed, a much deeper understanding was needed of both the instrument and the 

compounds of interest.   

One of the largest challenges for me was that since the LC/MS/MS is a new instrument, 

none of the Sewanee faculty members had the expertise needed to help me master the 

instrument, as it would be used for my project.  As a result, my first task of the summer was to 

arm myself with a basic conceptual understanding of liquid chromatography and mass 

spectroscopy.  For the first few weeks on campus, I spent much of my time reading scholarly 

articles about the subjects and completing online tutorials.  Agilent Technologies had published a 

familiarization guide for the instrument software, so I worked through the interactive exercises in 

order to build greater proficiency with the analysis software.  I also completed two online 

seminars on the subject of high-performance liquid chromatograph (HPLC). The largest help, 

however, came from of a visit from Carol Ball, an applications specialist from Agilent 

Technologies.  Having a chance to sit down with an individual who truly understood the 

instrument was vastly helpful in a way theoretical understanding could never be.  Later in the 

summer, I also had the chance to work closely with two PhD candidates from TTU, Vanaja 

Bodeddula and Bharat Madireddy, who were able to offer much practical advice.  Dr. McGrath, 

Kathryn, and I were able take a trip to Cookeville, TN, to meet with our collaborators.  At that 

time, Vanaja and Bharat showed me around their laboratories, and even let me see how their 

LC/MS/MS instrument functioned, which differs from the one I had been working with.  A few 

weeks later, both Vanaja and Bharat travelled to the Sewanee campus to spend a full day 

working on the Sewanee instrument with me.  I appreciated the opportunity to work with both 

graduate students because I was able to learn from their experience and advice as well as 

gaining exposure to a second instrument.  As I plan to attend graduate school after Sewanee, this 

exposure to multiple instruments and operating systems will serve me well.  Bharat and Vanaja 
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also said they appreciated the chance to gain experience with a second form of instrument for the 

same reason.  

At the same time as I was developing my knowledge of LC/MS/MS, I was also spending 

hours each day researching studies with similarities to our project.  My literature research 

uncovered an application note Agilent, the manufacture of LC/MS/MS on campus, had written 

that adapted the EPA procedure I had previously been working with for Agilent instruments.  I 

was also able to determine what liquid chromatography column would best suit the varied 

compounds of interest in the study.  Purchasing a new column was a big step in getting the 

analysis to work properly.  From my literature research, it became clear that while studies had 

found the passive sampling of POCIS disks to be more effective at detecting low-level 

contamination than grab sampling, I did not find any published studies in which POCIS were 

paired with LC/MS/MS analysis of PPCP and hormone contamination, which means the study 

being conducted at Sewanee this summer was unique in pairing two new methodologies.  

 My research into the challenges of using LC/MS/MS analysis to test for steroid hormones 

paired with my poor success to do so with the standard solutions of common hormones I had 

prepared, led Dr. McGrath and myself to decide that an outside lab was better suited to conduct 

that analysis.  As a result, the samples extracted from the POCIS deployed over the summer 

were split into three volumes.  One set was sent to TTU for analysis to be used in the seasonal 

study.  The second set of extracts was sent to a University of Nebraska lab for analysis of a wide 

range of hormones and common metabolites.  The final set of samples was kept in storage for 

analysis of PPCP on campus.  

By the end of the summer, I had begun to have success with the compounds of interest 

on the LC/MS/MS.  To successfully identify a compound using LC/MS/MS, one needs to know the 

compounds retention time on the HPLC column as well as be able to identify both a parent and 

fragment ions for each compound.  The ions are determined based on each compounds unique 

mass to charge ratio.  I was able to optimize the mass spectrometry and HPLC elements of the 
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Agilent procedure for Sewanee’s instrument.  That means I was able to reproducibly ionize and 

find the parent ion of five compounds of interest.  I was also able to determine a consistent 

retention time for each compound.  Finally, I was also able to optimize the tandem mass 

spectrometry element, which is responsible for the generation of the unique fragment ions, for 

three of the five compounds.  

My participation in this research study helped to determine that the need for strong, 

accurate chemical analysis is paramount to this research project.  My participation also helped us 

to realize that the use of an outside lab for analysis is better suited for some elements of this 

study.  Further, my literature research helped to identify that this study is unique and could help 

future researchers understand if a combination study, such as this, is a viable.  

Having worked in this internship for the summer, I have gained some valuable 

experiences.  First, as a chemistry major, I gained a deep appreciation of the extensive skills a 

chemist needs in order to analyze chemical data.  I also learned how a strong understanding of 

chemistry is necessary even in studies that may focus on other areas of science such as biology 

or ecology.  I gained valuable experience working on two different spectrometry instruments, as 

well as the experience of working one-on-one with PhD candidates and a specialist from Agilent.  

Very few undergraduate students have the opportunity to collaborate with scientist outside their 

own university or spend so much time mastering high-level analytical instruments. While my lack 

of success in achieving all of my original research goals was very disappointing, I learned a lot 

about the realities of doing research and developing a study. I did gain satisfaction through 

continued persistent work in the lab, with the final success of optimizing the mass spectrometry 

and HPLC elements of the Agilent procedure resulting in reproducible success with five 

compounds of interest.  

This internship has impacted my career goals by solidifying my desire to continue on for 

my Masters and PhD after graduation.  However, I now have a better understanding of what 

challenges I will face by pursuing a higher degree.   
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Appendix 
 

Compound Name Parent Ion m/z Fragment Ion 
m/z 

Retention time 
min 

Collision 
energy (eV) 

Group 1 (ESI+)     
Carbamazepine 236.98 197.27 - 15 

Erythromycin 734.47  158.11 15.85 ±0.05 35 
Dehydrated 

Erythromycin  
716.43, 558.35 158.11 14.9 ±0.5 35 

Sulfamethoxazole 254.05 156* 11.5 ±0.5 15 
Trimethoprim 291.14 230* 3.2 ±0.5 25 

Group 2 (ESI-)     
Triclosan 286.87 251* 3.8±0.5 5 

For Future Study     
Acetaminophen 152* 110* - 15 

Caffeine 195* 138* - 25 
*Values Anticipated Based on literature  

LC Conditions  
Column: ZORBAX Extend-C18, 25°C 
 With Agilent Guard Column  
Injection volume: 15μL 
Group 1: 
Fragmentor voltage: 110  
Mobile phases HPLC grade ACN and UV type 1 H2O with 0.1% Formic Acid 
Gradient t0 – 10% ACN, 0.2 mL/min 

   t5 – 10% ACN, 0.2 mL/min 
   t6 – 10% ACN, 0.3 mL/min 
   t24– 60% ACN, 0.3 mL/min 
   t30 – 100% ACN, 0.3 mL/min 

Group 2: 
MS (ESI–) mode  
Fragmentor voltage: 75 
Mobile phases HPLC grade MeOH with 0.1% Ammonium Formate and UV Type 1 H2O with  
Gradient t0 – 98% ACN, 0.25 mL/min 

   t5 – 70% ACN, 0.25 mL/min 
   t12 – 70% ACN, 0.25 mL/min 

 
MS Conditions 
Nebulizer 40 psig 
Drying gas flow 9L/min 
V capillary 4000V 
Drying gas temperature 300°C 
 


