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mgN/gVBS*d in lab scale reactors using commercially available MBBR media. 

Towards the end of the two month period, nitrite concentrations were higher than in the 

HDPE reactor, indicating less NOB activity relative to AOB activity in the nylon reactor 

in the nylon reactor as compared to the HDPE reactor.   

 

Biofilm Microbial Populations 

 After nearly 2 months of reactor operation, the biofilm samples were analyzed by 

Illumina next generation sequencing to characterize the microbial communities 

associated with each plastic type. Figure 4.3 shows Illumina DNA sequencing at the 

family taxonomic level, expresses relative abundance (percent of total operational 

taxonomic units, or OTUs, detected). 

 

These results indicate large differences in community structures of the two 

biofilms. The calculated Shannon Diversity Index for the nylon biofilm population was 

Figure 4.3: Nylon Vs HDPE Illumina sequencing results sorted by Family, expressed as 
relative abundance. 
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slightly lower than the HDPE biofilm (SDI = 2.38, 3.08 respectively), indicating a 

somewhat less diverse population on the nylon media. The dominant family on the nylon 

biofilm Rhizobiacae, (34.3%), while this group was much lower on the HDPE (1.37%). 

Bacteria from the family Rhizobiacae were reported by Sasaki et al., 2007 as an 

ammonia assimilating microorganism isolated from biological ammonia removal 

systems receiving livestock wastewater. The family Nitrosomonadaceae, which are 

well-known AOB (Kowalchuk et al., 2001), was also found in greater abundance on the 

nylon carrier (3.77%) than on HDPE (0.56%). Although the total amount of biofilm was 

less on the nylon plastic, a difference in performance is not observed because the nylon 

biofilm is more concentrated in AOB type organisms. In studies conducted by Fitzgerald 

et al., 2015, the family Xanthomonadaceae was found to be involved with heterotrophic 

ammonia oxidation under low dissolved oxygen conditions (<0.3mg.L) On the HDPE 

media, where the biofilm by has a higher relative abundance of Xanthomonadaceae 

compared to Nylon (12.9% and 1.4% respectively), the thicker HDPE biofilm may have 

decreased dissolved oxygen deep inside the biofilm, facilitating the growth of this 

heterotrophic AOB organism. 

 At a higher taxonomic level, the order Rhizobiales comprised the majority of the 

nylon attached biomass accounting for 57.7%, and was only 26.2% on the HDPE 

attached biofilm. In addition to this the nylon reactor biofilm also has a higher 

concentration of s (8.5%) than found on HDPE (4.9%) This is important to note, as it 

has been determined by Esplugas et al., 2013 that Rhizobiales along with 

burkholderiales are important organisms associated with the removal sulfamethoxazole, 

as the sole carbon source in sequencing batch biofilm reactors. Sulfamethoxazole is a 
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synthetic organic chemical that functions as an antibiotic to treat bacterial infection, and 

is also commonly found in trace amounts in influents to wastewater treatment plants. 

The organisms belonging to proteobacteria that are more abundant on nylon media and 

able to metabolize Sulfamethoxazole, may also have the potential to remove a wider 

variety of other common synthetic organics found in wastewater.  

 

Startup and Operations, Experiment 2 

After the experiment described above, fresh media were reinoculated in both 

reactors. This was done in part because approximately 30 percent of the media in each 

reactor had been sacrificed for biomass and Illumina sequencing measurements. A new 

set of reactors were again inoculated, and started up in with the same operating 

parameters listed Table 4.1 and configuration listed in Figure 4.1.  The primary objective 

of this second experimental run was to evaluate the ability of nitrifying biofilms grown 

on different plastics to remove organic microconstituents commonly found in 

wastewater. Figure 4.4 shows the startup nitrification performance of these reactors.  
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 Influent ammonia to the continuous system was held at a concentration of 

25mg/L during for batch test dates shown in Figure 4.4 in order to ensure complete and 

equal conversion of ammonia to nitrate in both reactors.  

 

Triclosan and Caffeine Batch Tests 

In all batch test experiments conducted, sampled were extracted and measured 

for organic microconstituents 1 minute after dosing and 61 minutes after dosing. This 

information allows us to calculate an hourly removal rate for each chemical following 

the rapid initial removal due to adsorption. Figure 4.5 shows the results of this test.  

 

 

 

Figure 4.4: Nylon and HDPE reactor performance: Effluent ammonia, ammonia 
uptake, effluent nitrate and nitrite (mg/L-N) and batch test dates. 
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 As shown in Figure 4.5 when compared to HDPE, the nylon biofilm was able to 

remove more caffeine in the 200ug/L dose and triclosan in both 100ug/L dose batch 

tests. In the less concentrated 80ug/L caffeine test, and the 500ug/L ibuprofen test both 

the nylon and HDPE attached biofilms did not remove significant amounts of caffeine in 

the one hour following the rapid initial removal.  

 Figure 4.6 shows the nylon and HDPE biofilm reactor batch test concentrations 

and removal efficiency of triclosan in both short and long term time periods by 

measuring concentration before the biofilm is added (t=0), immediately after the 

addition of the biofilm to the liquid (t=1 min) and at 61 minutes following the dose.  

Figure 4.5: Hourly removal rates calculated for Caffiene doses of 200 and 80ug/L, 
Triclosan doses of 100 ug/L and Ibuprofen dose of 500ug/L. (*Test was calculated based 
on 2 hour sample) 
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 As shown in Figure 4.6, the nylon reactor removed a greater percentage of 

triclosan than did the HDPE reactor both at 1 minute (6% and 16%, respectively) and at 

61 minutes (77% and 55%, respectively). The rate of removal was more rapid during the 

first minute (Nylon average 1252 mg/L*min, HDPE average 800 mg/L*min) than it was 

during minutes 1 to 61 (Nylon average 41 mg/L*hr, HDPE average 31.3 mg/L*hr) a 

decreasing rate of removal is consistent with first order kinetics. 

 In order to discern between adsorption/biotransformation of the organic 

microconstituent to the biofilm, and adsorption to the plastic, a batch tests containing a 

similar triclosan dose were conducted on the nylon and HDPE media with and without 

biofilms attached. Figure 4.7 shows the results this batch test in terms of concentration 

and percent removal following a 100ug/L dose of triclosan before the biofilm is added 

(t=0), immediately after the addition of the biofilm to the liquid (t=1 min) and at 61 

minutes following the dose. 

Figure 4.6: Nylon and HDPE biofilm reactor batch test concentrations and removal 
efficiency of triclosan at t = 0, 1 and 61 minutes 
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 The results of this experiment show that the choice of plastic has little effect on 

the amount of triclosan adsorbed in the first minute of the experiment. Over 61 minutes, 

additional triclosan adsorbed to the nylon plastic (47%) but not the HDPE. In all batch 

tests conducted with biofilm attached to the nylon and HDPE, more removal was 

observed from 1 to 61 minutes than compared to tests conducted without the biofilm. 

Adding a biofilm to the nylon media seems to have increased this initial adsorption, 

whereas the biofilm attached to the HDPE did not. More removal was observed in the 

biofilms attached to nylon when compared to HDPE in both the 1 minute and 1 hour test 

intervals. 

 Alternatively, the results shown in Figure 4.7 could be consistent with initial 

adsorption combined with biodegradation later in the experiment. Interestingly, the 

biofilm grown on the nylon surface removed 26% of the 100ug/L triclosan dose where 

the HDPE grown biofilm only removed 16% during the initial and rapid 1-minute 

uptake. In the following 60 minutes, the nylon biofilm also removed more triclosan than 

Figure 4.7: Nylon and HDPE biofilm batch test concentrations and percent removal 
of triclosan at t = 0, 1 and 61 minutes following a 100 ug/L triclosan dose 
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the HDPE media (78%, 54% removal respectively), which may indicate enhanced 

biotransformation occurring on the nylon grown biofilm.   

 Figure 4.8 shows the nylon and HDPE biofilm reactor batch test concentrations 

and removal efficiency of caffeine in both short and long term time periods by 

measuring concentration before the biofilm is added (t=0), immediately after the 

addition of the biofilm to the liquid (t=1 min) and at 121 minutes following the 80 ug/L 

caffeine dose.  

 

Following the 80ug/L dose of caffeine the Nylon and HDPE grown biofilms 

removed 8.7% and 7% respectively in the first minute, but in either case did not further 

remove any measurable caffeine over the next 60 minutes. This most likely indicates 

that adsorption to the biofilm is the main removal mechanism in both systems, and 

biotransformation does not occur. Differences in initial adsorption between the two 

biofilms may indicate that varying the hydrophobicity and surface energy of the plastic 

(Table 4.1) influenced the hydrophobicity of the biofilm formed. The relative removal of 

each chemical in the first minute may be explained by contrasting hydrophobicity where 

Figure 4.8: Nylon and HDPE biofilm batch test concentrations and percent 
removal of caffeine at t = 0, 1 and 121 following a 80 ug/L caffeine dose. 
triclosan dose or 80ug/L caffeine dose 
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triclosan is more hydrophobic (log Kow 4.76) and caffeine is more hydrophilic (log Kow 

0.091). 

This data supports the idea that using nylon plastic as an attachment surface may 

facilitate and enhances the removal of organic microconstituents. A reasonable 

explanation for this may be that the nylon plastic alone adsorbs more of the contaminant, 

making it more available to the biofilm that is growing on the surface to remove by 

further adsorption and biotransformation. Another explanation may be that the nylon 

plastic with greater surface energy selected for microorganism better suited to remove 

organic microconstituents through metabolism (discussed above). 

 

Conclusions 

After successfully starting up nitrifying biofilms grown on either nylon or HDPE 

plastic, it was determined that neither plastic benefited overall nitrification performance. 

Despite no differences in overall performances, when compared to the HDPE biofilm 

the nylon plastic media formed a thinner biofilm that was more active on a specific rate. 

The nylon biofilm was slightly less diverse with a higher concentration of nitrifiers and 

potential organic microconstituent metabolizers. A likely explanation for this is the 

differences in hydrophobicity between the two plastic types. Batch testing results 

indicated enhanced removals rates in the biofilms attached to nylon for caffeine in the 

larger dose (200ug/L), and all triclosan tests. No removal in either reactor was observed 

for caffeine in the smaller dose (80ug/L), and ibuprofen.  
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Chapter 5 Conclusions 

1) Following nitrification reactor startup of commercially available MBBR/IFAS 

media designed with contrasting geometries, system performance and microbial 

communities varied greatly in the resulting biofilms. Media geometry likely influenced 

internal fluid dynamics within each type of plastic biofilm carrier. The open media 

produced a thinner biofilm with a low abundance of the known AOB Nitrosomonas, 

while the sheltered design produced a thicker biofilm rich in Nitrosomonas. Batch 

testing each media type at various mixing rates indicates that nitrification performance 

in the more protected media benefits from increasing mixing, where the open R1 media 

does not. Decreasing temperature from 21 to 10.5 degrees Celsius in R1 resulted in the 

eventual failure of the media to retain its biomass. Although nitrification performance 

was decreased, sloughing was not observed in the sheltered R2 media design and may 

suggest that decreasing temperature makes a biofilm more susceptible to mixing induced 

shear. Following the drop in temperature the R2 media decreased in overall diversity, all 

but eliminating the AOB Nitrosomonas while largely favoring the family 

Xanthomonadaceae. Xanthomonadaceae is known for heterotrophic nitrification by an 

unknown pathway and its occurrence explain the disappearance of the known AOBs 

with only a modest decrease in nitrification performance.  After increasing the 

temperature back to 21 degrees, the R2 biofilm diversity and microbial family relative 

abundance returned to similar level to before the temperature decrease. Media geometry 

likely influenced internal fluid dynamics within the plastic biofilm carrier. 

2) The analysis of Albuquerque’s primary effluent revealed consistent 

concentrations of synthetic organic compounds found in other studies of treatment plants 
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around the world. Several of these compounds are present but not detected in a 

conjugate form. When coming into contact with biofilms, it is possible that these 

compounds deconjugated to underestimate removal, or produce the parent compound in 

reactor effluents. Of the compounds analyzed, triclocarban, trimethoprim, primidone, 

and PFOA were more efficiently removed by the control reactor containing no 

allylthiourea (Figure 4.11). This finding supports other studies that suggest trimethoprim 

and Primidone degradation are cometabolic processes. Our observation of enhanced 

removal for triclocarban and PFOA in nitrifying MBBR reactors is the first to suggest a 

cometabolic degradation pathway for these compounds under these conditions.  

3) After successfully starting up nitrifying biofilms grown on either nylon or 

HDPE plastic, it was determined that neither plastic benefited overall nitrification 

performance. Despite no differences in overall performances, when compared to the 

HDPE biofilm the nylon plastic media formed a thinner biofilm that was more active on 

a specific rate. The nylon biofilm was slightly less diverse with a higher concentration of 

nitrifiers and potential organic microconstituent metabolizers. A likely explanation for 

this is the differences in hydrophobicity between the two plastic types. Batch testing 

results indicated enhanced removals rates in the biofilms attached to nylon for caffeine 

in the larger dose (200ug/L), and all triclosan tests. No removal in either reactor was 

observed for caffeine in the smaller dose (80ug/L), and ibuprofen.  
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Appendix 

Appendix A: Chapter 2 Data 

Figure 2.5 

Dates G, 1/s R1 Influent 
NH4-N, mg/L 

R1 Effluent 
NH4-N, mg/L 

R1 Effluent 
NO3-N, mg/L 

R1 Effluent 
NO2-N, mg/L 

3/19/13 239.8 43.6 24.8 16.2  

3/21/13 239.8 43.6 16.5 25.6  

3/22/13 239.8 56.1 20.9 34.9  

3/24/13 239.8 56.1 12.3 41.8  

3/26/13 239.8 66.2 15.6 49.1  

3/27/13 239.8 66.2 6.4 56  

3/28/13 239.8 66.2 3.9 61.1  

3/29/13 239.8 76.6 0.6 74.6  

4/1/13 239.8 106.5 6.8 96  

4/2/13 239.8 106.5 2.2 102  

4/4/13 239.8 122.7 9 111  

4/6/13 239.8 122.7 5.1 112  

4/8/13 239.8 122.7 0.8 119  

4/10/13 239.8 149.1 11.2 129  

4/13/13 239.8 149.1 2.9 137  

4/17/13 239.8 149.1 26.5 108  

4/19/13 239.8 165.7 15.6 137  

4/23/13 239.8 165.7 30.9 116  

4/25/13 239.8 165.7 0.8 154  

4/26/13 298.0 165.7 0.1 156  

4/29/13 298.0 173.1 1.9 170  

4/30/13 298.0 225 1.4 189  
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Dates G, 1/s R1 Influent 
NH4-N, mg/L 

R1 Effluent 
NH4-N, mg/L 

R1 Effluent 
NO3-N, mg/L 

R1 Effluent 
NO2-N, mg/L 

5/2/13 298.0 293 104.7 146  

5/3/13 298.0 293 104.2 149  

5/6/13 298.0 293 49.4 207  

5/7/13 298.0 293 40 216  

5/9/13 298.0 293 42.8 217 37.1 

5/13/13 298.0 293    

5/15/13 298.0 293 93.5 140 19 

5/17/13 298.0 386 125 229 13.9 

5/20/13 298.0 310 5 277 0.5 

5/23/13 298.0 231 20.8 197 15.5 

5/27/13 298.0 250 9.1 189 73.7 

5/29/13 298.0 250 104.6 61 62.3 

5/31/13 298.0 250 102.8 68 88.8 

6/3/13 298.0 250 55.4 83 122 

6/5/13 298.0 250 55.7 72 139 

6/7/13 298.0 256 45.5 86 136.8 

6/10/13 298.0 420 220 129 52.8 

6/12/13 298.0 190 1.4 127 55.7 

6/14/13 298.0 238 1.7 182 65.4 

6/17/13 298.0 276 1.3 260 12 

6/19/13 298.0 304 2.3 259 46.5 

6/21/13 298.0 304 5.5 201 78 

6/24/13 298.0 359 18.7 223 120.9 

6/26/13 298.0 359 44.7 206 64.8 

6/28/13 298.0 359 32.7 239 98.6 

7/1/13 298.0 359 12.7 213 141.1 



  

104 

Dates G, 1/s R1 Influent 
NH4-N, mg/L 

R1 Effluent 
NH4-N, mg/L 

R1 Effluent 
NO3-N, mg/L 

R1 Effluent 
NO2-N, mg/L 

7/3/13 298.0 404 47.1 258 115.8 

7/5/13 298.0 404 18.1 263 135.3 

7/8/13 298.0 433 43.3 265 141.1 

7/10/13 298.0 412 110.5 202 70.5 

7/12/13 298.0 412 76.5 229 101.2 

7/15/13 298.0 412 49.7 243 111.2 

7/17/13 298.0 412 46.6 250 95.6 

7/19/13 298.0 412 42.9 258 97 

7/22/13 298.0 412 39.4 267 106 

7/24/13 298.0 412 107.1 198 69.5 

7/26/13 298.0 401 48.8 210 147.5 

7/29/13 298.0 401 39.1 229 156.7 

7/31/13 298.0 401 23.8 212 183.5 

8/2/13 298.0 401 3.7 268 141.5 

8/6/13 298.0 401 3.8 251 151.5 

8/9/13 298.0 401 4.1 258 149.5 

8/12/13 298.0 401 3.8 251 159.5 

8/14/13 298.0 401 100 179 75 

8/16/13 298.0 401 44.1 221 155.5 

8/19/13 298.0 398 18.2 249 142.5 

8/21/13 298.0 415 14.1 246 151.5 

8/23/13 298.0 415 20.5 212 176.5 

8/26/13 298.0 415 19.1 229 181.5 

8/28/13 298.0 410 22.9 199 198.5 

8/30/13 298.0 410 11.4 201 205.5 

9/2/13 298.0 410 17 197 201 
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Dates G, 1/s R1 Influent 
NH4-N, mg/L 

R1 Effluent 
NH4-N, mg/L 

R1 Effluent 
NO3-N, mg/L 

R1 Effluent 
NO2-N, mg/L 

9/5/13 327.3 370 76.6 82 201 

9/6/13 327.3 370 80.6 81 201.5 

9/9/13 308.0 300 56.5 82 164 

9/12/13 308.0 300 81.2 67 115 

9/13/13 308.0 300 89.6 67 130 

9/16/13 308.0 225 14.7 68 131.5 

9/20/13 308.0 225 82.8 80 66 

9/24/13 327.3 225 90.9 76 58.5 

9/26/13 327.3 178 60.6 71 56 

9/29/13 327.3 178 90.5 58 29.5 

10/4/13 327.3 161 57.5 51 49.5 

10/7/13 327.3 161 65.3 47 46.5 

10/9/13 327.3 161 67.7 31 34.2 

10/11/13 327.3 150 69.8 39 38.5 

10/13/13 327.3 150 71.2 32 36.5 

10/19/13 327.3 150 84.3 22 32.5 

10/23/13 327.3 121 76.8 18.3 25 

10/25/13 327.3 121 81.2 20 19.5 

10/28/13 327.3 109 66 19 22.5 

10/31/13 327.3 95 61.2 10 20.5 

11/2/13 327.3 95 66.5 9.8 20.5 

11/4/13 327.3 95 62.6 10.2 22 

11/7/13 327.3 95 63.6 8.5 25.5 

11/9/13 327.3 95 60.6 9.1 20.2 

11/11/13 327.3 95 67.5 7.4 20.5 

11/14/13 327.3 100 70.3 8.5 22.35 
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Dates G, 1/s R1 Influent 
NH4-N, mg/L 

R1 Effluent 
NH4-N, mg/L 

R1 Effluent 
NO3-N, mg/L 

R1 Effluent 
NO2-N, mg/L 

11/16/13 327.3 100 71.8 8.9 20.95 

11/18/13 327.3 85 58.8 5.7 23.35 

11/21/13 327.3 85 57.1 6.4 22.05 

11/23/13 327.3 85 55.1 7 21.95 

11/25/13 327.3 85 57.1 6.5 22.95 

11/27/13 327.3 85 52.6 6.7 23.78 

12/1/13 327.3 85 47.3 7.2 28.2 

12/14/13 304.6 77 26.9 6 55 

12/15/13 304.6 77 20.8 8 52 

12/19/13 304.6 77 21.3 7 50.2 

12/21/13 304.6 77 22.9 6.8 44.6 

12/24/13 304.6 88 19 11.7 44 

12/26/13 295.9 88 19 8.2 46 

12/29/13 295.9 88 15 8.7 61 

12/31/13 295.9 88 26 9.3 60 

1/2/14 295.9 88 8 5.8 55 

1/4/14 295.9 88 5 2.3 88 

1/6/14 295.9 88 9.1 5.7 76 

1/8/14 295.9 121 56 5.5 74 

1/10/14 295.9 121 55 4.6 75 

1/12/14 295.9 121 36 5.7 95 

1/14/14 298.0 121 0.5 8.3 115 

1/16/14 298.0 233 107 12.3 134 

1/19/14 298.0 233 52.2 16.7 171.6 

1/21/14 298.0 233 18.9 23.1 201 

1/22/14 298.0 233 5.9 24.6 212 



  

107 

Dates G, 1/s R1 Influent 
NH4-N, mg/L 

R1 Effluent 
NH4-N, mg/L 

R1 Effluent 
NO3-N, mg/L 

R1 Effluent 
NO2-N, mg/L 

1/24/14 298.0 340 46 25.2 244 

1/26/14 298.0 340 59 33.2 254 

1/28/14 298.0 407 187 21.6 179 

1/30/14 298.0 407 204 25.4 207 

2/2/14 298.0 339 91 19.4 229 

2/4/14 298.0 339 101 15.3 233 

2/6/14 298.0 339 116 12 218 

2/8/14 298.0 339 142 11.5 189 

2/10/14 298.0 339 181 7.9 140 

2/12/14 298.0 339 229 9.5 123 

2/20/14 298.0 208 147   

2/21/14 298.0 132 56   

2/22/14 298.0 132 5.4   

2/23/14 298.0 209 27.7 18.2 159 

2/24/14 298.0 209 45 17.3 136 

2/26/14 298.0 209 24.9 20.2 167 

2/28/14 298.0 214 40 23.1 165 

3/2/14 298.0 214 3.5 26.7 168 

3/4/14 298.0 314 13 26.1 240 

3/5/14 298.0 316 8.8   

3/6/14 298.0 353 12 17 310 

3/7/14 298.0 327 8   

3/8/14 298.0 327 20.6 27.4 310 

3/10/14 298.0 330 90   

3/12/14 298.0 330 90   

3/13/14 298.0 240 16.4 18.8 231 
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Dates G, 1/s R1 Influent 
NH4-N, mg/L 

R1 Effluent 
NH4-N, mg/L 

R1 Effluent 
NO3-N, mg/L 

R1 Effluent 
NO2-N, mg/L 

3/15/14 298.0 240 4.9 29.4 212 

3/17/14 298.0 240 4.5 32.2 197 

3/19/14 298.0 259 22.1 36.8 205 

3/21/14 298.0 259 11.3 35.5 201 

3/23/14 298.0 259 4.6 36 221 

3/25/14 298.0 259 2.8 40.4 220 

3/26/14 298.0 292 3.7   

3/27/14 298.0 320 11.3 48 226 

3/28/14 298.0 379 25.9   

3/31/14 298.0 372 67 48.8 260 

4/2/14 298.0 340 31 43.2 254 

4/4/14 298.0 332 13.3 45.2 278 

4/6/14 298.0 332 12 37.6 283 

4/8/14 298.0 332 45 37.4 265 

4/10/14 298.0 326 10.9 43.2 285 

4/12/14 298.0 355 25.7 38.4 274 

4/15/14 298.0 347 16.9 32.8 270 

4/18/14 298.0 335 174 30.4 148 

4/19/14 298.0 335 155   

4/20/14 298.0 300 135   

4/21/14 298.0 207 39   

4/23/14 298.0 173 3.7 90 80 

4/26/14 298.0 173 2 100 129 

4/29/14 298.0 173 2.2 76 48 

5/1/14 298.0 225 2.4 103.6 86 

5/3/14 298.0 225 3 102 80 
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Dates G, 1/s R1 Influent 
NH4-N, mg/L 

R1 Effluent 
NH4-N, mg/L 

R1 Effluent 
NO3-N, mg/L 

R1 Effluent 
NO2-N, mg/L 

5/5/14 298.0 225 3.3 115.2 95 

5/7/14 298.0 288 20.1 83.7 170 

5/9/14 298.0 288 7.6 137 170 

5/12/14 298.0 381 26.7 78 285 

5/14/14 298.0 380 61 70 213 

5/20/14 298.0 363 66 100 363 

5/21/14 298.0 326 13 100 310 

5/23/14 298.0 313 3 144 159 

5/26/14 298.0 358 3 224 115 

5/27/14 298.0 358 1.8 338 16 

5/28/14 298.0 387 5.7 302 47 

5/30/14 298.0 403 57 182 137 

5/30/14 298.0 403 29 186 254 

6/2/14 298.0 359 13.5 176 113 

6/5/14 298.0 382 7 224 138 

6/8/14 298.0 387 5.7 226 181 

6/10/14 298.0 400 10.6 174 181 

6/12/14 298.0 400 22.5 250 156 

6/13/14 298.0 447 0.6 128 204 

6/15/14 298.0 447 18.9 126 269 

6/17/14 298.0 447 3.9 164 227 

6/19/14 298.0 375 10 132 229 

6/22/14 298.0 375 3 222 115 

6/23/14 298.0 375 2   

6/25/14 298.0 375 50.1 122 139 

6/26/14 298.0 375 23   
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Dates G, 1/s R1 Influent 
NH4-N, mg/L 

R1 Effluent 
NH4-N, mg/L 

R1 Effluent 
NO3-N, mg/L 

R1 Effluent 
NO2-N, mg/L 

6/30/14 298.0 375 3.1 220 143 

7/1/14 298.0 375 12 184 152 

7/3/14 298.0 375 3.2 210 127 

7/5/14 298.0 375 3.3 222 98 

7/7/14 298.0 375 2.1 212 113 

7/11/14 298.0 390 8.6 92 246 

7/13/14 298.0 384 5.4 88 293 

7/15/14 389.0 384 2.5 102 264 

7/17/14 389.0 384 2.7  255 

7/23/14 298.0 384 259   

7/25/14 298.0 202 22.5 50 156 

7/26/14 298.0 202 3.5 70 148 

7/28/14 298.0 224 1.2 154 71 

7/31/14 298.0 255 1.4 238 16 

8/2/14 298.0 294 2.7 249 75 

8/4/14 298.0 342 2 286 62 

8/6/14 298.0 381 0.4 262 118 

8/9/14 298.0 515 100   

8/11/14 298.0 282 1.1 326 1.1 

9/1/14 298.0 300 2.2 130 135 

9/8/14 298.0 300 3.7 132 160 

9/11/14 298.0 279 1.2 182 85 

9/14/14 298.0 270 1.6 201 91 

9/19/14 298.0 270 1.1 201 80 

9/26/14 298.0 270 0.3 201 91 

10/2/14 298.0 280 0.2 200 99 
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Dates G, 1/s R1 Influent 
NH4-N, mg/L 

R1 Effluent 
NH4-N, mg/L 

R1 Effluent 
NO3-N, mg/L 

R1 Effluent 
NO2-N, mg/L 

10/6/14 1.9 300 1.9 296 3 

10/11/14 298.0 300 1.1 250 110 

10/20/14 298.0 300 1.1 200 112 

10/27/14 298.0 300 1.2 201 120 

11/3/14 298.0 300 0.8 12 139 

11/4/14 298.0 200 0.9 177 50 

11/5/14 298.0 300 1.2 178 88 

11/7/14 298.0 300 0.7 110 236 

11/8/14 298.0 250 0.2 82 158 

11/9/14 298.0 250 0.5 92 155 

11/10/14 298.0 250 1.1 90 173 

11/13/14 298.0 200 0.7 94 114 

11/17/14 298.0 200 1 116 110 

11/19/14 298.0 170 1 92 73 

11/25/14 298.0 170 0.5 115 75 

11/28/14 298.0 170 1.5 110 84 

12/3/14 298.0 172 0.1 92 49.4 

12/7/14 298.0 110 0.7 94 8.1 

12/9/14 298.0 110 0.7 99 3 

12/12/14 298.0 110 0.7 98 5 

12/18/14 298.0 110 0.5 89 7 

12/23/14 298.0 110 0.4 91 4.5 

12/26/14 298.0 110 1.2 105 6.1 

12/29/14 298.0 110 0.5 108 4 

1/2/15 298.0 110 0.5 114 4 

1/8/15 298.0 110 0.9 112 3.5 
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Dates G, 1/s R1 Influent 
NH4-N, mg/L 

R1 Effluent 
NH4-N, mg/L 

R1 Effluent 
NO3-N, mg/L 

R1 Effluent 
NO2-N, mg/L 

1/16/15 298.0 160 0.8 163 11.6 

1/19/15 298.0 160 0.8 160 10 

1/23/15 298.0 162 1.2 157 19.6 

1/27/15 298.0 158 0.9 143 28.7 

1/30/15 298.0 255 66 45 186 

2/2/15 298.0 255 41 47 197 

2/5/15 298.0 300 1.1 205 130 

2/9/15 298.0 300 0.6 171 120 

2/12/15 298.0 300 12 141 136 

2/16/15 298.0 300 11 137 164 

2/18/15 298.0 300 1.1 118 172 

2/23/15 298.0 448 7 47 394 

2/24/15 298.0 448 1 50 400 

3/2/15 298.0 550 150 89 340 

3/7/15 298.0 515 90 96 328 

3/10/15 298.0 515 89 95 321 

3/11/15 298.0 515 98 126 354 

 

Figure 2.6 

Date G, 1/s R2 Influent 
NH4-N, mg/L 

R2 Effluent 
NH4-N, mg/L 

R2 Effluent 
NO3-N, mg/L 

R2 Effluent 
NO2-N, mg/L 

4/25/13 239.8 29.6 23.9 5.4  

4/26/13 239.8 29.6 16.7 7  

4/29/13 239.8 40.1 1.9 8.6  

4/30/13 239.8 71 5.8 11  
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Date G, 1/s R2 Influent 
NH4-N, mg/L 

R2 Effluent 
NH4-N, mg/L 

R2 Effluent 
NO3-N, mg/L 

R2 Effluent 
NO2-N, mg/L 

5/2/13 239.8 169 39 13  

5/3/13 239.8 169 11.8 16  

5/6/13 239.8 169 1.9 20.4  

5/7/13 239.8 169 13.9 22.5  

5/9/13 239.8 169 2.4 20.1  

5/13/13 239.8 248 41.5 21.7 97.4 

5/17/13 239.8 248 3.8 28.7 98.1 

5/20/13 239.8 301 6 44.7 98 

5/23/13 239.8 301 27.9 41.2 97.7 

5/24/13 298.0     

5/27/13 298.0 304 2 218 90.5 

5/29/13 298.0 393 5.8 198 97.7 

5/31/13 298.0 393 4.8 236 97.7 

6/3/13 298.0 393 4.5 280 125 

6/5/13 298.0 393 64.5 245 60.6 

6/7/13 298.0 440 67.2 264 106.2 

6/10/13 298.0 440 30.3 268 144.9 

6/12/13 298.0 440 11.5 284 147.6 

6/14/13 298.0 451 6.2 326 124.2 

6/17/13 298.0 510 27 341 126 

6/19/13 298.0 510 79.2 286 67.5 

6/21/13 298.0 510 44.7 272 183.3 

6/24/13 298.0 499 10.2 218 264.9 

6/26/13 298.0 499 9.9 224 266.7 

6/28/13 298.0 499 5.2 208 261.6 

7/1/13 298.0 510 6.9 213 286.5 

7/3/13 298.0 510 88.2 172 51.6 
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Date G, 1/s R2 Influent 
NH4-N, mg/L 

R2 Effluent 
NH4-N, mg/L 

R2 Effluent 
NO3-N, mg/L 

R2 Effluent 
NO2-N, mg/L 

7/5/13 298.0 510 70.6 166 272.1 

7/8/13 298.0 510 21.1 102 386 

7/10/13 298.0 510 9 220 290 

7/12/13 298.0 564 16.2 196 344.5 

7/15/13 298.0 564 15.5 190 346.5 

7/17/13 298.0 564 108.9 87 226.7 

7/19/13 298.0 564 45.1 143 371 

7/22/13 298.0 564 23.7 162 377.9 

7/24/13 298.0 564 28.9 171 347.1 

7/26/13 298.0 564 16.2 182 363.5 

7/28/13 298.0     

7/29/13 298.0 502 76.8 80 198 

7/31/13 298.0 502 23.8 190 321.5 

8/2/13 298.0 502 10.9 177 325.5 

8/6/13 298.0 502 10.7 160 337.5 

8/9/13 298.0 502 8 202 316.5 

8/12/13 298.0 502 6.8 191 311.5 

8/14/13 298.0 502 75.8 148 201.5 

8/16/13 298.0 502 35 168 317 

8/19/13 298.0 512 12.2 182 321.5 

8/21/13 298.0 512 22.3 180.9 311.5 

8/23/13 298.0 512 26.6 186 307.5 

8/26/13 298.0 512 21.4 182 327.5 

8/28/13 298.0 502 101.2 70 198.5 

8/30/13 298.0 502 78.2 138 269.5 

9/2/13 298.0 502 16.9 169 309.5 

9/5/13 296.7 502 129 71 291.5 
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Date G, 1/s R2 Influent 
NH4-N, mg/L 

R2 Effluent 
NH4-N, mg/L 

R2 Effluent 
NO3-N, mg/L 

R2 Effluent 
NO2-N, mg/L 

9/6/13 296.7 440 99 65 271.5 

9/9/13 260.6 402 62.4 72 269.5 

9/12/13 260.6 402 70.8 55 264.5 

9/13/13 260.6 402 73.1 55 285 

9/16/13 260.6 357 39.5 67 260 

9/20/13 260.6 357 37.5 69 280.5 

9/24/13 296.7 357 11.9 63 305 

9/26/13 296.7 351 3.6 46 294.5 

9/29/13 296.7 351 2 65 271 

10/4/13 296.7 368 50.9 34 266.5 

10/7/13 296.7 368 47.1 65 271.5 

10/9/13 296.7 360 32 29.2 288 

10/11/13 296.7 360 27.8 35 286.5 

10/13/13 296.7 360 20.1 39 288 

10/19/13 296.7 360 14.4 50 288 

10/23/13 296.7 360 28.2 16.9 269 

10/25/13 296.7 360 20.2 17.6 278 

10/28/13 296.7 360 12.1 19.6 300.5 

10/31/13 296.7 331 2.1 27.9 296.5 

11/2/13 296.7 331 2.9 29.5 286.5 

11/4/13 296.7 331 1.8 31.5 285.5 

11/7/13 296.7 363 43.7 14.6 265 

11/9/13 296.7 363 28.9 20.8 286.5 

11/11/13 296.7 363 47.9 28.7 295.5 

11/14/13 296.7 379 65.9 12.5 288 

11/16/13 296.7 379 68.1 13.7 281 

11/18/13 296.7 379 72.3 13.5 287 
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Date G, 1/s R2 Influent 
NH4-N, mg/L 

R2 Effluent 
NH4-N, mg/L 

R2 Effluent 
NO3-N, mg/L 

R2 Effluent 
NO2-N, mg/L 

11/21/13 296.7 307 16.7 13.8 271 

11/23/13 296.7 307 9.1 14.1 286.5 

11/25/13 296.7 307 4 13.9 299.5 

11/27/13 296.7 307 5.2 14.3 266.25 

12/1/13 296.7 307 1.8 18.8 307.5 

12/14/13 296.7 313 1.4 24.6 298 

12/15/13 296.7 313 1.9 23.2 300 

12/19/13 296.7 313 2.1 11.8 309 

12/21/13 296.7 313 2.5 12.7 271 

12/24/13 296.7 283 2.8 3.4 300 

12/26/13 296.7 283 2 12.9 316 

12/29/13 296.7 283 1.2 21.6 200 

12/31/13 296.7 283 148 9.7 140 

1/2/14 296.7 283 33.7 6.7 242 

1/4/14 296.7 283 6.5 6.8 269 

1/6/14 296.7 283 4.7 3.4 280 

1/8/14 297.0 314 12.6 3.2 312 

1/10/14 297.0 314 11 2.1 305 

1/12/14 297.0 314 3.8 2 306 

1/14/14 297.0 314 3.6 3.1 318 

1/16/14 297.0 314 22.9 2.8 230 

1/19/14 297.0 293 6.3 7.4 299 

1/21/14 297.0 293 7.8 5.6 268 

1/22/14 297.0 304 6.4 7.5 295 

1/24/14 297.0 434 105 9.9 313 

1/26/14 297.0 434 154 10.5 293 

1/28/14 297.0 434 124 13.2 309 
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Date G, 1/s R2 Influent 
NH4-N, mg/L 

R2 Effluent 
NH4-N, mg/L 

R2 Effluent 
NO3-N, mg/L 

R2 Effluent 
NO2-N, mg/L 

1/30/14 297.0 434 104 8.4 329 

2/2/14 297.0 415 89 4.1 326 

2/4/14 297.0 415 87.2 6.8 340 

2/6/14 297.0 415 66 6.3 368 

2/8/14 297.0 415 82 4.9 351 

2/10/14 297.0 415 71 4.7 357 

2/12/14 297.0 458 51 7.6 401 

2/20/14 297.0 459 187   

2/21/14 297.0 339 20   

2/22/14 297.0 370 14   

2/23/14 297.0 435 26.1   

2/24/14 297.0 435 29 11.3 417 

2/26/14 297.0 495 107 9.7 377 

2/28/14 297.0 499 88 13.7 368 

3/2/14 297.0 499 94 21.6 340 

3/4/14 297.0 485 72 14.4 345 

3/5/14 297.0 474 86   

3/6/14 297.0 420 63 18.6 377 

3/7/14 297.0 370 8   

3/8/14 297.0 413 15.3 30 344 

3/10/14 297.0 413 40   

3/11/14 297.0 413 39.5 40 321 

3/12/14 297.0 406 33   

3/13/14 297.0 406 11.9 68.1 318 

3/15/14 297.0 406 36.4 80.1 268 

3/17/14 297.0 406 49 75.2 266 

3/19/14 297.0 381 13.9 93.1 265 
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Date G, 1/s R2 Influent 
NH4-N, mg/L 

R2 Effluent 
NH4-N, mg/L 

R2 Effluent 
NO3-N, mg/L 

R2 Effluent 
NO2-N, mg/L 

3/21/14 297.0 381 8.6 84.9 269 

3/23/14 297.0 381 11.8 94.5 269 

3/25/14 297.0 364 11.5 98.4 238 

3/26/14 297.0 364 6.8   

3/27/14 297.0 364 3.7 172.8 184 

3/28/14 298.0 392 6   

3/31/14 298.0 431 72 115.8 252 

4/2/14 298.0 415 16 109.6 263 

4/4/14 298.0 419 36.7 108 248 

4/6/14 298.0 419 34 81.2 270 

4/8/14 298.0 419 57 83.7 244 

4/10/14 298.0 373 7.8 82 275 

4/12/14 298.0 358 4 86.5 251 

4/15/14 298.0 358 2.6 126.5 200 

4/18/14 298.0 330 7 71.2 200 

4/19/14 298.0 333 8   

4/20/14 298.0 333 8   

4/21/14 298.0 333 3   

4/23/14 298.0 333 6.7 128 188 

4/26/14 298.0 335 3.8 130 159 

4/29/14 298.0 338 2.2 90 118.4 

5/1/14 298.0 339 2.9 118.4 195 

5/3/14 298.0 343 2.8 190 120 

5/5/14 298.0 343 2.6 272.3 65 

5/7/14 298.0 370 1 291.1 68 

5/9/14 298.0 370 3.3 299 66 

5/12/14 298.0 423 10.1 221 163 
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Date G, 1/s R2 Influent 
NH4-N, mg/L 

R2 Effluent 
NH4-N, mg/L 

R2 Effluent 
NO3-N, mg/L 

R2 Effluent 
NO2-N, mg/L 

5/14/14 298.0 384 3.1 165 153 

5/16/14 298.0 384 14.4 166 173 

5/21/14 298.0 343 2 310 24 

5/23/14 298.0 356 0 350 13 

5/26/14 298.0 394 3.1 292 151 

5/27/14 298.0 394 1.6 375 28 

5/30/14 298.0 410 8.2 322 100 

6/2/14 298.0 410 6.4  126 

6/5/14 298.0 413 2 400 20 

6/8/14 298.0 365 2.2 390 15.7 

6/10/14 298.0 374 5.9 356 40 

6/12/14 298.0 374 1.4   

6/15/14 298.0 376 1.2 7 360 

6/17/14 298.0 376 1.6 8 380 

6/19/14 298.0 420 1.3 400 5 

6/22/14 298.0 420 10.6 196 195 

6/26/14 298.0 425 2.6 268 145 

6/30/14 298.0 425 2 356 105 

7/1/14 298.0 425 2.1 348 48 

7/3/14 298.0 425 1.9 378 17 

7/5/14 298.0 425 1.9 392 8 

7/7/14 298.0 425 0.9 402 6 

7/8/14 298.0 461 1.3   

7/11/14 298.0 459 69 164 154 

7/13/14 298.0 399 6 196 179 

7/15/14 389.0 399 1.2 374 5 

7/23/14 389.0 397 0.01 190 131 



  

120 

Date G, 1/s R2 Influent 
NH4-N, mg/L 

R2 Effluent 
NH4-N, mg/L 

R2 Effluent 
NO3-N, mg/L 

R2 Effluent 
NO2-N, mg/L 

7/25/14 298.0 413 30.7 174 190 

7/26/14 298.0 413 14 189 205 

7/28/14 298.0 408 4.3 190 195 

7/31/14 298.0 448 6.3 200 221 

8/2/14 298.0 486 11.7 198 259 

8/4/14 298.0 493 5 189 273 

8/6/14 298.0 512 43 168 285 

8/11/14 298.0 324 1.1 326 8.2 

8/18/14 298.0 242 0.8 250 1 

8/30/14 298.0 715 300 209 230 

9/5/14 298.0 242 0.5 244 1.2 

9/8/14 298.0 242 0.5 248 1.1 

9/11/14 298.0 277 0.4 278 1 

9/14/14 298.0 277 0.4 273 7 

9/15/14 298.0 277 0 300 1 

9/19/14 298.0 770 334 180 209 

10/6/14 298.0 250 1.1 242 1 

10/11/14 298.0 370 1.1 250 110 

10/13/14 298.0 250 0.2 256 0 

10/20/14 298.0 243 1.3 240 1.3 

10/23/14 298.0 660 181 187 274 

10/26/14 298.0 240 0.5 246 11 

11/3/14 298.0 660 123 180 288 

11/4/14 298.0 660 138 178 285 

11/8/14 298.0 660 206 312 113 

11/9/14 298.0 240 0.1 7 234 

11/13/14 298.0 300 1.4 290 6 
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Date G, 1/s R2 Influent 
NH4-N, mg/L 

R2 Effluent 
NH4-N, mg/L 

R2 Effluent 
NO3-N, mg/L 

R2 Effluent 
NO2-N, mg/L 

11/17/14 298.0 300 1.1 274 7 

11/19/14 298.0 300 0.9 264 9 

11/28/14 298.0 300 1.5 280 22 

12/3/14 298.0 293 0.8 312 0.8 

12/7/14 298.0 316 1.3 310 0.9 

12/9/14 298.0 302 0.7 306 1.2 

12/15/14 298.0 302 0.6 348 0.8 

12/18/14 298.0 302 1.4 312 5 

12/23/14 298.0 350 1.6 350 0.7 

12/29/14 298.0 350 1.3 355 0.8 

1/2/15 298.0 350 0.7 378 0.8 

1/8/15 298.0 400 1.5 458 0.9 

1/16/15 298.0 400 0.6 434 0.8 

1/19/15 298.0 400 0.6 400 0.8 

1/23/15 298.0 280 1.9 340 0.53 

1/27/15 298.0 280 0.8 322 0.46 

1/30/15 298.0 600 131 298 139 

2/2/15 298.0 600 114 165 309 

2/5/15 298.0 600 210 153 305 

2/9/15 298.0 600 84 157 383 

2/12/15 298.0 600 117 186 290 

2/16/15 298.0 600 183 281 187 

2/18/15 298.0 600 149 380 122 

2/23/15 298.0 600 256 360 20 

2/24/15 298.0 600 275 340 17 
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Figure 2.7 

 

Relative Abundance 
(%) 

 

8/26/13 
R2 End of 

Phase 1 

8/19/13 
R1 End of 

Phase 1 
Bacteria; Proteobacteria; Betaproteobacteria; 
Nitrosomonadales; Nitrosomonadaceae 23.7 7.5 

Bacteria; Proteobacteria; Alphaproteobacteria; 
Rhizobiales; Phyllobacteriaceae 15.9 7.0 

Bacteria; Proteobacteria; Betaproteobacteria; 
Burkholderiales; Comamonadaceae 14.5 41.5 

Bacteria; Actinobacteria; Actinobacteria; 
Actinomycetales; Unknown 12.7 3.0 

Bacteria; Actinobacteria; Actinobacteria; 
Actinomycetales; Microbacteriaceae 9.4 2.0 

Bacteria; Proteobacteria; Alphaproteobacteria; 
Rhizobiales ; Bradyrhizobiaceae 7.3 5.5 

Bacteria; Proteobacteria; Gammaproteobacteria; 
Xanthomonadales; Xanthomonadaceae 4.0 6.7 

Bacteria; Bacteroidetes; Flavobacteriia; 
Flavobacteriales; Cryomorphaceae 2.0 0.1 

Bacteria; Bacteroidetes; Sphingobacteriia; 
Sphingobacteriales; Unclassified 1.2 4.8 

Bacteria; Bacteroidetes; Flavobacteriia; 
Flavobacteriales; Flavobacteriaceae 0.8 5.5 

Bacteria; Proteobacteria; Alphaproteobacteria; 
Sphingomonadales; Sphingomonadaceae 0.6 2.1 

Bacteria; Bacteroidetes; Unknown; Unknown; 
Unknown 0.3 6.2 

Bacteria; Nitrospirae; Nitrospira; Nitrospirales; 
Nitrospiraceae 0.0 2.5 

Other 7.5 5.7 
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Figure 2.8 

  Relative Abundance (%) 

 

8/26/13 
R2 End of 
Phase 1 

11/15/13 
R2 End of 
Phase 2 

3/16/15 End 
of Phase 3 

Proteobacteria; Betaproteobacteria 
;Nitrosomonadales; Nitrosomonadaceae 23.7 0.6 15.8 

Proteobacteria; Alphaproteobacteria; 
Rhizobiales; Phyllobacteriaceae 15.9 3.0 1.0 

Proteobacteria; Betaproteobacteria; 
Burkholderiales; Comamonadaceae 14.5 26.9 11.9 

Actinobacteria; Actinobacteria; 
Actinomycetales; Unclassified 12.7 0.8 0.0 

Actinobacteria; Actinobacteria; 
Actinomycetales; Microbacteriaceae 9.4 10.2 11.1 

Proteobacteria; Alphaproteobacteria; 
Rhizobiales; Bradyrhizobiaceae 7.3 0.4 14.7 

Proteobacteria; Gammaproteobacteria; 
Xanthomonadales; Xanthomonadaceae 4.0 45.3 5.1 

Bacteroidetes; Flavobacteriia; 
Flavobacteriales; Cryomorphaceae 2.0 0.1 0.3 

Bacteroidetes; Flavobacteriia; 
Flavobacteriales; Flavobacteriaceae 0.8 2.0 3.4 

Unclassified; Unclassified; Unclassified; 
Unclassified 0.1 0.1 18.7 

Proteobacteria; Alphaproteobacteria; 
Caulobacterales; Caulobacteraceae 0.8 6.6 0.2 

Bacteroidetes; Unclassified; Unclassified; 
Unclassified 0.1 0.1 0.3 

Relative Abundance < 4% 8.5 4.0 17.5 

Shannon Diversity Index 2.3 1.6 2.6 
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Figure 2.9 

  G (1/s)   
R1 Test Date 180.3 212.2 239.8 264.6 298.0 328.0 389.0   

6/24/13 1.49 1.67 1.82 1.92 2.02 2.14   
	  7/8/13 1.22   1.57 1.72 1.84 1.95 1.94 
J values, 
g/(m2*d) 7/22/13 1.27   1.60 1.73 1.84 1.94 2.05 

8/19/13 1.41   1.83 1.96 2.11 2.26 2.33 

 
G (1/s)   

R2 Test Date 180.3 212.2 239.8 264.6 298.0 328.0 389.0 
	  7/1/13 12.30   16.60 18.00 19.90 21.40 22.40 J values, 
g/(m2*d) 7/15/13 11.40   16.10 18.20 19.80 21.00 22.50 

8/26/13 12.70   18.20 21.10 23.30 24.80 26.20 
 

Figure 2.10  

Date Temp, C DO (mg/L) G (1/s) J (g/m2/d) 
11/4/13 10.5 3.0 297 1.17 
11/4/13 10.5 5.1 297 1.55 
11/4/13 10.5 6.1 297 1.89 
11/4/13 10.5 7.0 297 2.02 
11/4/13 10.5 8.0 297 2.02 
11/18/13 10.5 3.0 297 0.96 
11/18/13 10.5 4.9 297 1.34 
11/18/13 10.5 5.9 297 1.48 
11/18/13 10.5 7.1 297 1.75 
11/18/13 10.5 8.0 297 1.79 
1/15/14 10.5 3.0 297 1.13 
1/15/14 10.5 7.2 297 2.15 
1/15/14 10.5 11.1 297 2.12 
1/15/14 10.5 15.4 297 2.75 
1/15/14 10.5 20.1 297 3.04 

 
 

Figure 2.11 

  G (1/s)   
R1 Test Date 178 238 262 297 327 390   

9/26/13 0.73 0.82 0.83 0.90 0.89 0.88 J 
g/(m2*d) 10/7/13 0.58 0.59 0.59 0.61 0.62 0.66 

12/16/13 0.41 0.56 0.50 0.44 0.38 0.43 
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  G (1/s)   
R2 Test Date 158 210 231 261 287 340   

9/16/13 1.15 1.55 1.71 1.87 2.00 2.16 
J 

g/(m2*d) 
  G (1/s) 

   178 238 262 297 327 390   
10/13/13 1.39 1.90 2.04 2.25 2.39 2.46 

J 
g/(m2*d) 

12/1/13 1.67 2.04 2.15 2.33 2.43 2.53 
12/20/13 1.46 1.95 2.06 2.06 2.13 2.24 

  G (1/s)   
  161 225 251 287 318 383   

1/19/14 1.40 1.63 1.70 1.88 2.04 2.09 
J 

g/(m2*d) 
 
 

Figure 2.12 

G (1/s) 
R1 Test Date 180 240 265 298 328 389   

5/28/14 2.27 1.92 2.02 1.98 2.10 2.29 

J g/(m2*d) 

6/23/14     2.87     2.60 
6/23/14 2.11   2.89     2.64 
6/26/14 2.34   2.56     2.58 
6/26/14 2.09   2.26     2.42 
7/17/14 2.19   2.72     2.79 
7/17/14 2.00   2.44     2.85 

 
G (1/s) 

R2 Test Date 180   265     389   
7/8/14 2.38   2.55     3.97 

J g/(m2*d) 7/8/14 2.09   2.76     3.60 
7/21/14 2.09   2.69     3.53 
7/21/14 2.09   2.81     3.37 
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Appendix B: Chapter 3 Data 

Table 3.2 

Table 3.2. Optimized Compound Parameters in OSPE method 

	   	   	  
Compound 

Prec 
Ion 

(m/z) 

Prod Ion 
(m/z) Frag (V) CE 

(V) 
Cell Acc 

(V) 
RT 

(min) 

ESI Positive 

Atenolol 267.1 190.1 (145) 130 15 
(20) 2 5.2 

Atenolol-d7 274 190.1 130 15 2 5.2 

Atrazine 218 176 (174) 140 15 
(15) 2 7.6 

Atrazine-d3 221 179 140 15 2 7.6 
Benzophenone 183 105.1 85 15 2 8 
Benzophenone-d10 183 110 85 15 2 8 

Caffeine 195.1 138 (110.1) 104 16 
(24) 2 5.7 

Caffeine-13C3 198.1 140 104 16 2 5.7 

Carbamazepine 237 194 (179) 120 15 
(35) 2 7.2 

Carbamazepine-d10 247 204 120 15 2 7.2 

DEET 192 119 (91) 110 15 
(30) 2 7.6 

DEET-d6 198 119 110 15 2 7.6 
Diphenylhydramine 256.2 167.1 (165.1) 60 4 (44) 2 7.1 
Diphenylhydramine-d5 261.2 172.1 60 4 2 7.1 

Diltiazem 415.2 178 (150) 130 24 
(48) 2 7 

Diltiazem-d3 418.2 178 130 24 2 7 
Fluoxetine 310 148 90 5 2 7.5 
Fluoxetine-d5 315 153 90 5 2 7.5 

Hydrocortisone 363.2 327 (120.9) 130 13 
(24) 2 6.9 

Meprobamate 219 158 (55) 70 5 (20) 2 6.5 
Meprobamate-d7 226 165 70 5 2 6.5 

Norgestrel 313.2 91 (77.1) 130 60 
(75) 2 6.2 

Primidone 219.3 162.1 (91.1) 70 9 (25) 2 6.1 
Primidone-d5 224 167 70 9 2 6.1 

Propranolol 260 116 (56) 122 13 
(29) 2 6.6 

Simazine 202.1 132 (68.1) 72 16 
(36) 2 7 

Sulfamethoxazole 254 156 (92) 80 10 
(30) 2 6.5 

Sulfamethoxazole-d6 260 162 80 10 2 6.5 
TCEP 285 222.8 95 10 2 7.5 
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Table 3.2. Optimized Compound Parameters in OSPE method 

	   	   	  
Compound 

Prec 
Ion 

(m/z) 

Prod Ion 
(m/z) Frag (V) CE 

(V) 
Cell Acc 

(V) 
RT 

(min) 

TCEP-d12 297 232 95 10 2 7.5 

TCPP 327 99 (81) 72 16 
(70) 2 8.4 

Testosterone 289 109 (97) 115 25 
(25) 2 7.8 

Trimethoprim 291 261 (230) 75 25 
(25) 2 5.8 

Trimethoprim-d3 294 264 75 25 2 5.8 

       
ESI Negative 

Benzotriazole 118 90.1 (50) 85 16 
(28) 7 6.5 

Benzotriazole-d4 122 94 85 16 7 6.5 

Bisphenol A 227 212 (133) 115 11 
(19) 7 7.7 

Bisphenol A-13C12 239 224 115 11 7 7.7 
Clofibric Acid 213 127 80 10 7 7.8 
Diclofenac 294 250 (214) 75 4 (16) 7 8.6 
Diclofenac-13C6 316 272.1 75 5 7 8.6 
Gemfibrozil 249.2 121 75 6 7 9.2 
Gemfibrozil-d6 255 121 75 6 7 9.2 

Hydrochlorothiazide 296 268.9 (204.7) 130 10 
(15) 7 5.9 

Ibuprofen 205 161 50 0 7 8.8 
Ibuprofen-d3 208 164 50 0 7 8.8 
Naproxen 229 170 (169) 55 4 (24) 7 8 
Naproxen-13C1d3 233 169 55 24 7 8 
PFHxA 312.9 268.9 66 5 7 7.4 
PFHxA-13C2 314.9 269.9 66 5 7 7.4 
PFOA 412.9 368.9 (169) 86 5 (5) 7 8 
PFOA-13C4 416.9 371.9 86 5 7 8 

PFOS 498.9 99 (80) 210 50 
(50) 7 9.2 

PFOS-13C4 502.9 99 210 50 7 9.2 
Propylparaben 179.1 137.1 (92) 80 7 (20) 7 7.7 
Propylparaben-d4 183.1 141.1 80 7 7 7.7 
Triclocarban 313 160 (126) 110 5 (25) 7 9.4 
Triclocarban-13C6 318.9 159.9 110 5 7 9.4 

Triclosan 289 
(287) 37 (35) 75 5 (5) 7 9.4 

Triclosan-13C12 299 35 75 5 7 9.4 
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Table 3.3 

Table 3.3. Optimized source dependent parameters of mass spectrometer 

	  Parameter ESI Positive ESI Negative 

	   	   	  Gas Temperature (°C) 250 250 
	   	   	  Gas Flow Rate (L/min) 11 11 
	   	   	  Nebulizer (psi) 45 45 
	   	   	  Sheath Gas Temperature (°C) 375 375 
	   	   	  Sheath Gas Flow Rate (L/min) 12 12 
	   	   	  Capillary (V) 4000 3500 
	   	   	  Nozzle Voltage (V) 0 1500 
	   	   	  Delta EMV (V) 400 400 
	   	   	  * Samples were analyzed simultaneously in ESI+ and ESI- with fast polarity 

switching 
 
Table 3.4 

Table 3.4. LODs, MDLs and practical MRLs in ultrapure water 
for all target analytes 
Analyte LOD (ng/L) MDL (ng/L) 

Acesulfame 5 10 
Atenolol 1 2.5 
Atrazine 0.2 0.3 
Benzophenone 5 11.3 
Bisphenol A 10 13.1 
Caffeine 0.2 0.5 
Carbamezapine 0.1# 0.1 
Clofibric Acid 0.2 0.7 
DEET 0.1 0.3 
Dexamethasone 10 14 
Diphenhydramine 0.5 0.9 
Ditiazem 0.1 0.2 
Fluoxetine 1 3 
Gemfibrozil 0.2 0.5 
Hydracortisone 5 9.3 
Ibuprofen 0.5 1.9 
Iohexol 25 50 
Iopamidol 5 10 
Iopromide 10 20 
Meprobamate 0.2 0.4 
Naproxen 1 2.5 
Norgestrel 10 11.6 
PFBA NA NA 
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Table 3.4. LODs, MDLs and practical MRLs in ultrapure water 
for all target analytes 
Analyte LOD (ng/L) MDL (ng/L) 

PFHxA 1 3.6 
PFOA 0.5 3 
PFOS 5 6.1 
Primidone 0.5 2 
Propylparaben 1 1.4 
Simazine 0.2 0.4 
Sucralose 75 100 
Sulfamethoxazole 0.2 0.5 
TCEP 1 2.1 
Testosterone 2.5 4.4 
Triclocarban 0.5 1.1 
Triclosan 1 2.6 
Trimethoprim 0.1# 0.1 

	   	   	  # assumed as lowest calibration standard (SNR>>3 at this 
concentration) 
$ adjusted for the blank 

	   	  LOD: Limit of Detection (SNR>3) 
	  MDL: Method Detection Limit (SNR>10) 

 
 
 
Table 3.5 

Table 3.5. MRM Transitions of Analytes for UHPLC-MS/MS Analysis 
 

Compounds MRM 
Transition 

Fraga/Ceb 
(V) Surrogates MRM 

Transition 
Fraga/Ceb 
(V) 

ER agonists (ESI Negative) 

Estriol 
287.2 > 145.0 170/44 

Estriol-13C3   287.2 > 171.2 170/40 

Bisphenol A 
227.1 > 212.0 117/16 

Bisphenol A-13C12 239.2 > 224.1 109/16 
227.1 > 133.0 117/24 

Estrone 
269.1 > 145.0 170/40 

Estrone-13C6 275.2 > 144.9 160/40 
269.1 > 183.1 170/35 

17β-Estradiol 
271.2 > 144.8 155/40 

17β-Estradiol-13C3 274.2 > 148.0 175/40 
271.2 > 183.0 155/42 

17α-Estradiol 
271.2 > 144.8 155/40 

 274.2 > 148.0 175/40 
271.2 > 183.0 155/42 

17α-Ethinylestradiol 
295.2 > 145.0 155/44 

17α-Ethynylestradiol-13C2 297.2 > 144.9 140/40 
295.2 > 159.0 155/40 
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Table 3.5. MRM Transitions of Analytes for UHPLC-MS/MS Analysis 
 

Compounds MRM 
Transition 

Fraga/Ceb 
(V) Surrogates MRM 

Transition 
Fraga/Ceb 
(V) 

Other Hormones (ESI Positive) 

Triamcinolone 
395.2 > 375.1 95/4 

   395.2 > 225.1 95/12 

Hydrocortisone 
363.2 > 120.9 130/24 

   363.2 > 327.0 130/13 

Prednisone 
359.2 > 147.1 95/24 

   359.2 > 171.0 95/36 

Dexamethasone 
393.2 > 373.2 87/4 

Dexamethasone-d4 397.2 > 359.6 87/5 
393.2 > 355.2 87/5 

Norethindrone 
299.2 > 109.1 104/28 

Norethindrone-d6 305.2 > 87.1 122/40 
299.2 > 91.1 104/56 

Testosterone 
289.0 > 109.0 115/25 

   289.0 > 97.0 115/25 

Norgestrel 
313.2 > 91.0 130/60 

Norgestrel-d6 319.2 > 91.0 130/60 
313.2 > 77.1 130/75 

a Fragmentor (Frag); b Collision Energy (CE) 
   

 

Table 3.6 

Table 3.6. MS Source Parameters 

	  Parameter ESI Positive ESI Negative 

Gas Temp (°C) 300 300 
Gas Flow (L/min) 11 10 
Nebulizer (psi) 45 45 
Sheath Gas Heater Temp (°C) 375 300 
Sheath Gas Flow (L/min) 11 11 
Capillary Voltage (V) 4000 3500 

 
 

Table 3.7 

Table 3.7. MRLs of Analytes 

Compounds MDLs 
(ng/L) 

ER Agonists  
Estrone 0.1 
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Table 3.7. MRLs of Analytes 

Compounds MDLs 
(ng/L) 

17β-Estradiol 0.5 
17α-Estradiol 0.5 
17α-Ethinylestradiol 0.5 
Estriol 0.2 
Bisphenol A 0.2 

  
AR Agonists  
Testosterone 0.2 

  
PR Agonists  
Norethindrone 0.2 
Norgestrel 0.2 

  
GR Agonists  
Dexamethasone 0.1 
Hydrocortisone 0.1 
Prednisone 0.1 
Triamcinolone 0.5 

 
 

Figure 3.2 

R1 Date R1 G, 1/s 
R1 Effluent 

NH4-N, mg/L 
R1 Effluent 

NO3-N, mg/L 
R1 Effluent 

NO2-N, mg/L 
R1 Influent 

NH4-N, mg/L 
1/22/14 298 5.9 24.6 212 233 
1/24/14 298 46 25.2 244 340 
1/26/14 298 59 33.2 254 340 
1/28/14 298 187 21.6 179 407 
1/30/14 298 204 25.4 207 407 
2/2/14 298 91 19.4 229 339 
2/4/14 298 101 15.3 233 339 
2/6/14 298 116 12 218 339 
2/8/14 298 142 11.5 189 339 

2/10/14 298 181 7.9 140 339 
2/12/14 298 229 9.5 123 339 
2/20/14 298 147 

  
208 

2/21/14 298 56 
  

132 
2/22/14 298 5.4 

  
132 

2/23/14 298 27.7 18.2 159 209 
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R1 Date R1 G, 1/s 
R1 Effluent 

NH4-N, mg/L 
R1 Effluent 

NO3-N, mg/L 
R1 Effluent 

NO2-N, mg/L 
R1 Influent 

NH4-N, mg/L 
2/24/14 298 45 17.3 136 209 
2/26/14 298 24.9 20.2 167 209 
2/28/14 298 40 23.1 165 214 
3/2/14 298 3.5 26.7 168 214 
3/4/14 298 13 26.1 240 314 
3/5/14 298 8.8 

  
316 

3/6/14 298 12 17 310 353 
3/7/14 298 8 

  
327 

3/8/14 298 20.6 27.4 310 327 
3/10/14 298 90 

  
330 

3/12/14 298 90 
  

330 
3/13/14 298 16.4 18.8 231 240 
3/15/14 298 4.9 29.4 212 240 
3/17/14 298 4.5 32.2 197 240 
3/19/14 298 22.1 36.8 205 259 
3/21/14 298 11.3 35.5 201 259 
3/23/14 298 4.6 36 221 259 
3/25/14 298 2.8 40.4 220 259 
3/26/14 298 3.7 

  
292 

3/27/14 298 11.3 48 226 320 
3/28/14 298 25.9 

  
379 

3/31/14 298 67 48.8 260 372 
4/2/14 298 31 43.2 254 340 
4/4/14 298 13.3 45.2 278 332 
4/6/14 298 12 37.6 283 332 
4/8/14 298 45 37.4 265 332 

4/10/14 298 10.9 43.2 285 326 
4/12/14 298 25.7 38.4 274 355 
4/15/14 298 16.9 32.8 270 347 
4/18/14 298 174 30.4 148 335 
4/19/14 298 155 

  
335 

4/20/14 298 135 
  

300 
4/21/14 298 39 

  
207 

4/23/14 298 3.7 90 80 173 
4/26/14 298 2 100 129 173 
4/29/14 298 2.2 76 48 173 
5/1/14 298 2.4 103.6 86 225 
5/3/14 298 3 102 80 225 
5/5/14 298 3.3 115.2 95 225 
5/7/14 298 20.1 83.7 170 288 
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R1 Date R1 G, 1/s 
R1 Effluent 

NH4-N, mg/L 
R1 Effluent 

NO3-N, mg/L 
R1 Effluent 

NO2-N, mg/L 
R1 Influent 

NH4-N, mg/L 
5/9/14 298 7.6 137 170 288 

5/12/14 298 26.7 78 285 381 
5/14/14 298 61 70 213 380 
5/20/14 298 66 100 363 363 
5/21/14 298 13 100 310 326 
5/23/14 298 3 144 159 313 
5/26/14 298 3 224 115 358 
5/27/14 298 1.8 338 16 358 
5/28/14 298 5.7 302 47 387 
5/30/14 298 57 182 137 403 
5/30/14 298 29 186 254 403 
6/2/14 298 13.5 176 113 359 
6/5/14 298 7 224 138 382 
6/8/14 298 5.7 226 181 387 

6/10/14 298 10.6 174 181 400 
6/12/14 298 22.5 250 156 400 
6/13/14 298 0.6 128 204 447 
6/15/14 298 18.9 126 269 447 
6/17/14 298 3.9 164 227 447 
6/19/14 298 10 132 229 375 
6/22/14 298 3 222 115 375 
6/23/14 298 2 

  
375 

6/25/14 298 50.1 122 139 375 
6/26/14 298 23 

  
375 

6/30/14 298 3.1 220 143 375 
7/1/14 298 12 184 152 375 
7/3/14 298 3.2 210 127 375 
7/5/14 298 3.3 222 98 375 
7/7/14 298 2.1 212 113 375 

7/11/14 298 8.6 92 246 390 
7/13/14 298 5.4 88 293 384 
7/15/14 389 2.5 102 264 384 
7/17/14 389 2.7 

 
255 384 

7/23/14 298 259 
  

384 
7/25/14 298 22.5 50 156 202 
7/26/14 298 3.5 70 148 202 
7/28/14 298 1.2 154 71 224 
7/31/14 298 1.4 238 16 255 
8/2/14 298 2.7 249 75 294 
8/4/14 298 2 286 62 342 
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R1 Date R1 G, 1/s 
R1 Effluent 

NH4-N, mg/L 
R1 Effluent 

NO3-N, mg/L 
R1 Effluent 

NO2-N, mg/L 
R1 Influent 

NH4-N, mg/L 
8/6/14 298 0.4 262 118 381 
8/9/14 298 100 

  
515 

8/11/14 298 1.1 326 1.1 282 
9/1/14 298 2.2 130 135 300 
9/8/14 298 3.7 132 160 300 

9/11/14 298 1.2 182 85 279 
9/14/14 298 1.6 201 91 270 
9/19/14 298 1.1 201 80 270 
9/26/14 298 0.3 201 91 270 
10/2/14 298 0.2 200 99 280 
10/6/14 298 1.9 296 3 300 

10/11/14 298 1.1 250 110 300 
10/20/14 298 1.1 200 112 300 
10/27/14 298 1.2 201 120 300 
11/3/14 298 0.8 12 139 300 
11/4/14 298 0.9 177 50 200 
11/5/14 298 1.2 178 88 300 
11/7/14 298 0.7 110 236 300 
11/8/14 298 0.2 82 158 250 
11/9/14 298 0.5 92 155 250 

11/10/14 298 1.1 90 173 250 
11/13/14 298 0.7 94 114 200 
11/17/14 298 1 116 110 200 
11/19/14 298 1 92 73 170 
11/25/14 298 0.5 115 75 170 
11/28/14 298 1.5 110 84 170 
12/3/14 298 0.1 92 49.4 172 
12/7/14 298 0.7 94 8.1 110 
12/9/14 298 0.7 99 3 110 

12/12/14 298 0.7 98 5 110 
12/18/14 298 0.5 89 7 110 
12/23/14 298 0.4 91 4.5 110 
12/26/14 298 1.2 105 6.1 110 
12/29/14 298 0.5 108 4 110 

1/2/15 298 0.5 114 4 110 
1/8/15 298 0.9 112 3.5 110 

1/16/15 298 0.8 163 11.6 160 
1/19/15 298 0.8 160 10 160 
1/23/15 298 1.2 157 19.6 162 
1/27/15 298 0.9 143 28.7 158 
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R1 Date R1 G, 1/s 
R1 Effluent 

NH4-N, mg/L 
R1 Effluent 

NO3-N, mg/L 
R1 Effluent 

NO2-N, mg/L 
R1 Influent 

NH4-N, mg/L 
1/30/15 298 66 45 186 255 
2/2/15 298 41 47 197 255 
2/5/15 298 1.1 205 130 300 
2/9/15 298 0.6 171 120 300 

2/12/15 298 12 141 136 300 
2/16/15 298 11 137 164 300 
2/18/15 298 1.1 118 172 300 
2/23/15 298 7 47 394 448 
2/24/15 298 1 50 400 448 
3/2/15 298 150 89 340 550 
3/7/15 298 90 96 328 515 

3/10/15 298 89 95 321 515 
3/11/15 298 98 126 354 515 
3/15/15 298 46 90 388 515 
3/18/15 298 353 63 213 600 
3/21/15 298 0.1 140 6 150 
3/23/15 298 1.4 170 4 200 
3/24/15 298 2.7 152 131 345 
3/25/15 298 2.6 158 200 345 
3/27/15 298 103 89 239 464 
3/31/15 298 158 68 223 512 
4/5/15 298 110 92 288 456 

4/11/15 298 150 71 219 440 
4/14/15 298 93 70 249 440 
4/20/15 298 123 65 240 440 

 
 

Figure 3.3 

Dates G (1/s) 
R2 Effluent 

NH4-N, mg/L 
R2 Effluent 

NO3-N, mg/L 
R2 Effluent 

NO2-N, mg/L 
R2 Influent 

NH4-N, mg/L 
1/22/14 298 6.4 7.5 295 304 
1/24/14 298 105 9.9 313 434 
1/26/14 298 154 10.5 293 434 
1/28/14 298 124 13.2 309 434 
1/30/14 298 104 8.4 329 434 
2/2/14 298 89 4.1 326 415 
2/4/14 298 87.2 6.8 340 415 
2/6/14 298 66 6.3 368 415 
2/8/14 298 82 4.9 351 415 

2/10/14 298 71 4.7 357 415 
2/12/14 298 51 7.6 401 458 
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Dates G (1/s) 
R2 Effluent 

NH4-N, mg/L 
R2 Effluent 

NO3-N, mg/L 
R2 Effluent 

NO2-N, mg/L 
R2 Influent 

NH4-N, mg/L 
2/20/14 298 187 

  
459 

2/21/14 298 20 
  

339 
2/22/14 298 14 

  
370 

2/23/14 298 26.1 
  

435 
2/24/14 298 29 11.3 417 435 
2/26/14 298 107 9.7 377 495 
2/28/14 298 88 13.7 368 499 
3/2/14 298 94 21.6 340 499 
3/4/14 298 72 14.4 345 485 
3/5/14 298 86 

  
474 

3/6/14 298 63 18.6 377 420 
3/7/14 298 8 

  
370 

3/8/14 298 15.3 30 344 413 
3/10/14 298 40 

  
413 

3/11/14 298 39.5 40 321 413 
3/12/14 298 33 

  
406 

3/13/14 298 11.9 68.1 318 406 
3/15/14 298 36.4 80.1 268 406 
3/17/14 298 49 75.2 266 406 
3/19/14 298 13.9 93.1 265 381 
3/21/14 298 8.6 84.9 269 381 
3/23/14 298 11.8 94.5 269 381 
3/25/14 298 11.5 98.4 238 364 
3/26/14 298 6.8 

  
364 

3/27/14 298 3.7 172.8 184 364 
3/28/14 298 6 

  
392 

3/31/14 298 72 115.8 252 431 
4/2/14 298 16 109.6 263 415 
4/4/14 298 36.7 108 248 419 
4/6/14 298 34 81.2 270 419 
4/8/14 298 57 83.7 244 419 

4/10/14 298 7.8 82 275 373 
4/12/14 298 4 86.5 251 358 
4/15/14 298 2.6 126.5 200 358 
4/18/14 298 7 71.2 200 330 
4/19/14 298 8 

  
333 

4/20/14 298 8 
  

333 
4/21/14 298 3 

  
333 

4/23/14 298 6.7 128 188 333 
4/26/14 298 3.8 130 159 335 
4/29/14 298 2.2 90 118.4 338 
5/1/14 298 2.9 118.4 195 339 
5/3/14 298 2.8 190 120 343 
5/5/14 298 2.6 272.3 65 343 
5/7/14 298 1 291.1 68 370 
5/9/14 298 3.3 299 66 370 

5/12/14 298 10.1 221 163 423 
5/14/14 298 3.1 165 153 384 
5/16/14 298 14.4 166 173 384 
5/21/14 298 2 310 24 343 
5/23/14 298 0 350 13 356 
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Dates G (1/s) 
R2 Effluent 

NH4-N, mg/L 
R2 Effluent 

NO3-N, mg/L 
R2 Effluent 

NO2-N, mg/L 
R2 Influent 

NH4-N, mg/L 
5/26/14 298 3.1 292 151 394 
5/27/14 298 1.6 375 28 394 
5/30/14 298 8.2 322 100 410 
6/2/14 298 6.4 

 
126 410 

6/5/14 298 2 400 20 413 
6/8/14 298 2.2 390 15.7 365 

6/10/14 298 5.9 356 40 374 
6/12/14 298 1.4 

  
374 

6/15/14 298 1.2 7 360 376 
6/17/14 298 1.6 8 380 376 
6/19/14 298 1.3 400 5 420 
6/22/14 298 10.6 196 195 420 
6/26/14 298 2.6 268 145 425 
6/30/14 298 2 356 105 425 
7/1/14 298 2.1 348 48 425 
7/3/14 298 1.9 378 17 425 
7/5/14 298 1.9 392 8 425 
7/7/14 298 0.9 402 6 425 
7/8/14 298 1.3 

  
461 

7/11/14 298 69 164 154 459 
7/13/14 298 6 196 179 399 
7/15/14 298 1.2 374 5 399 
7/17/14 298 1.7 

 
6 399 

7/19/14 298 0.9 
 

7 399 
7/21/14 298 1.8 

 
8 399 

7/23/14 298 0.01 190 131 397 
7/25/14 298 30.7 174 190 413 
7/26/14 298 14 189 205 413 
7/28/14 298 4.3 190 195 408 
7/31/14 298 6.3 200 221 448 
8/2/14 298 11.7 198 259 486 
8/4/14 298 5 189 273 493 
8/6/14 298 43 168 285 512 
8/9/14 298 50 

  
512 

8/11/14 298 1.1 326 8.2 324 
8/18/14 298 0.8 250 1 242 
8/30/14 298 300 209 230 715 
9/5/14 298 0.5 244 1.2 242 
9/8/14 298 0.5 248 1.1 242 

9/11/14 298 0.4 278 1 277 
9/14/14 298 0.4 273 7 277 
9/15/14 298 0 300 1 277 
9/19/14 298 334 180 209 770 
10/6/14 298 1.1 242 1 250 

10/11/14 298 1.1 250 110 370 
10/13/14 298 0.2 256 0 250 
10/20/14 298 1.3 240 1.3 243 
10/23/14 298 181 187 274 660 
10/26/14 298 0.5 246 11 240 
11/3/14 298 123 180 288 660 
11/4/14 298 138 178 285 660 
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Dates G (1/s) 
R2 Effluent 

NH4-N, mg/L 
R2 Effluent 

NO3-N, mg/L 
R2 Effluent 

NO2-N, mg/L 
R2 Influent 

NH4-N, mg/L 
11/8/14 298 206 312 113 660 
11/9/14 298 0.1 7 234 240 

11/13/14 298 1.4 290 6 300 
11/17/14 298 1.1 274 7 300 
11/19/14 298 0.9 264 9 300 
11/28/14 298 1.5 280 22 300 
12/3/14 298 0.8 312 0.8 293 
12/7/14 298 1.3 310 0.9 316 
12/9/14 298 0.7 306 1.2 302 

12/15/14 298 0.6 348 0.8 302 
12/18/14 298 1.4 312 5 302 
12/23/14 298 1.6 350 0.7 350 
12/29/14 298 1.3 355 0.8 350 

1/2/15 298 0.7 378 0.8 350 
1/8/15 298 1.5 458 0.9 400 

1/16/15 298 0.6 434 0.8 400 
1/19/15 298 0.6 400 0.8 400 
1/23/15 298 1.9 340 0.53 280 
1/27/15 298 0.8 322 0.46 280 
1/30/15 298 131 298 139 600 
2/2/15 298 114 165 309 600 
2/5/15 298 210 153 305 600 
2/9/15 298 84 157 383 600 

2/12/15 298 117 186 290 600 
2/16/15 298 183 281 187 600 
2/18/15 298 149 380 122 600 
2/23/15 298 256 360 20 600 
2/24/15 298 275 340 17 600 
3/7/15 298 310 336 8 604 

3/10/15 298 110 434 5 604 
3/11/15 298 149 452 7 604 
3/15/15 298 165 440 14 604 
3/18/15 298 525 67 9 600 
3/21/15 298 0.7 150 6 150 
3/23/15 298 70 140 6 200 
3/24/15 298 50 168 58 345 
3/25/15 298 34.6 157 128 345 
3/27/15 298 105 132 195 464 
3/31/15 298 83 158 192 512 
4/5/15 298 60 139 291 456 

4/11/15 298 130 107 230 440 
4/14/15 298 81 104 217 440 
4/20/15 298 123 105 240 440 
4/25/15 298 126 110 250 450 
5/5/15 298 158 128 150 450 
5/6/15 298 125 

  
400 

5/7/15 298 80 
  

400 
5/8/15 298 82 194 148 400 

5/13/15 298 150 139 153 430 
5/20/15 298 105 130 137 400 
5/30/15 298 1 220 200 400 
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Figure 3.4 

 
Concentration (ng/L, ppt) 

Compound 4/6/15 3/8/15 
03/08/15 

DuP 6/5/15 
06/05/15 

Dup 
PFOA 23 <18 <16 <24 <23 
Clofibric Acid <51 <33 <31 <17 30 
Ditiazem 100 <210 <190 120 130 
Meprobamate 130 140 140 150 150 
Primidone 160 100 200 160 200 
Triclocarban 310 170 190 

  Carbamezapine 220 260 270 280 290 
Trimethoprim 210 310 330 330 330 
Hydracortisone <280 

  
370 270 

TCEP 
 

<580 <350 450 320 
Bisphenol A <170 <440 560 

  DEET 500 220 220 2000 2000 
Triclosan 1700 880 810 

  Diphenhydramine 270 >2500 >2500 1700 1700 
Benzophenone >2500 <710 790 1200 1700 
Atenolol 1200 1700 1200 1100 1200 
Sulfamethoxazole 1500 1300 1400 1500 1500 
Propylparaben 2200 1500 1700 1200 1200 
Gemfibrozil 2100 2200 2200 

  TCPP 
   

4400 2300 
Naproxen >2500 >2500 >2500 19000 21000 
Caffeine >2500 >2500 >2500 70000 77000 
Propranolol 

   
<34 <34 

Fluoxetine <450 
  

<160 <170 
Dexamethasone <9.1 <540 <790 

  Atrazine <39 <44 <41 <39 <45 
PFOS <14 <14 <14 

  Ibuprofen >2500 >2500 >2500 
  Prednisone 

 
<56 <47 <200 <240 

Testosterone <79 <110 <95 <510 <600 
Simazine <16 <18 <16 <16 <18 
> over range 

     < Below detection limit 
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Figure 3.5 

 

Concentration 
(ppt, ng/L) 

 
4/5/06 

Fluocinolone acetonide 0.22 
Dexamethasone 0.29 
Betamethasone 0.57 
Progesterone 3.7 
Prednisone 4.49 
17α-Ethynylestradiol < 0.5 
Methylprednisolone 6.5 
Corticosterone 9.8 
17α-Estradiol 11.2 
Prednisolone 12.3 
17-
Hydroxyprogesterone 21.2 
Triamcinolone 
acetonide 22.9 
17β-Estradiol 29.9 
Testosterone 35.8 
Estrone 54.1 
Hydrocortisone 159 
Estriol 166 
Cortisone 228 
Bisphenol A 395 
Norethindrone < 0.2 
Norgestrel < 0.2 

 

Figure 3.6 

 
Relative Abundance (Percent) 

 

3/16/15 
Synthetic 

Feed 

6/10/15 
Primary 

Effluent Feed 
Unclassified; Unclassified; Unclassified; 
Unclassified 

18.69 6.52 

Proteobacteria; Betaproteobacteria; 
Nitrosomonadales ;Nitrosomonadaceae 

15.82 2.69 

Proteobacteria; Alphaproteobacteria; 
Rhizobiales; Bradyrhizobiaceae 

14.66 4.00 



  

141 

 
Relative Abundance (Percent) 

 

3/16/15 
Synthetic 

Feed 

6/10/15 
Primary 

Effluent Feed 
Proteobacteria; Betaproteobacteria; 
Burkholderiales; Comamonadaceae 

11.86 26.55 

Actinobacteria; Actinobacteria; 
Actinomycetales; Microbacteriaceae 

11.15 5.00 

Proteobacteria; Gammaproteobacteria; 
Xanthomonadales; Xanthomonadaceae 

5.10 7.28 

Bacteroidetes; Flavobacteriia; 
Flavobacteriales; Flavobacteriaceae 

3.42 8.54 

Proteobacteria; Alphaproteobacteria; 
Rhizobiales; Phyllobacteriaceae 

1.02 2.05 

Bacteroidetes; Unclassified; 
Unclassified; Unclassified 

0.29 4.36 

Bacteroidetes; Flavobacteriia; 
Flavobacteriales; Cryomorphaceae 

0.28 8.80 

Proteobacteria; Alphaproteobacteria; 
Caulobacterales; Caulobacteraceae 

0.20 0.21 

Actinobacteria; Actinobacteria; 
Actinomycetales; Unclassified 

0.03 0.01 

Relative Abundance < 4% 17.50 23.99 

 
Shannon Diversity Index 

 
2.58 2.87 

 
 
Figure 3.7 - 3.8 

 

time 
(hrs) 

R2A                       
(0 mg/L ATU) 

R2B                                   
(0.1 mg/L ATU) 

R2C               
(0.4mg/L ATU) 

R2D                     
(3 mg/L ATU) 

  
Effluent Ammonia (mgN/L) 

4/6/15 13:15 0 49.8 51.4 49.4 50.8 
4/6/15 14:45 1.5 43.4 47.6 48.2 50.2 
4/6/15 16:15 3 37.7 42 46 48.9 
4/6/15 17:45 4.5 33.3 42.6 48.6 49.2 
4/6/15 19:15 6 25.9 41 49 48.6 

  
Effluent Nitrate (mgN/L) 

4/6/15 13:15 0 4 4.6 3.1 4.1 
4/6/15 14:45 1.5 5.8 6.3 5.4 8.4 
4/6/15 16:15 3 7.3 8.3 7 10.8 
4/6/15 17:45 4.5 9.5 11.3 8.7 13.9 
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time 
(hrs) 

R2A                       
(0 mg/L ATU) 

R2B                                   
(0.1 mg/L ATU) 

R2C               
(0.4mg/L ATU) 

R2D                     
(3 mg/L ATU) 

4/6/15 19:15 6 10.9 14.4 9.8 15.4 

  
Effluent Nitrite (mgN/L) 

4/6/15 13:15 0 8.5 10.3 6.4 11.8 
4/6/15 14:45 1.5 13 12.9 5.6 9.1 
4/6/15 16:15 3 16.6 12.1 3.4 6.3 
4/6/15 17:45 4.5 20.9 10.5 1.8 3.7 
4/6/15 19:15 6 24.3 9.9 1 2.1 

  
Effluent DOC (mgN/L) 

4/6/15 13:15 0 50.32 
  

47.56 
4/6/15 14:45 1.5 

   
41.80 

4/6/15 16:15 3 40.13 
  

38.19 
4/6/15 17:45 4.5 

   
29.40 

4/6/15 19:15 6 33.22 
  

23.70 
 
 

Figure 3.9 - 3.10 

 
Concentration (ppt, ng/L) Percent Removal 

 

 04/06/15 
PE 

R2A     
T = 6 hr 

R2D              
T = 6 hr 

R2A 
(Uninhibited) 

R2D (Nitrification 
Inhibited) 

Triclosan 1700 450 - 73.5% 
 Propylparaben 2200 780 740 64.5% 66.4% 

Triclocarban 310 110 200 64.5% 35.5% 
Trimethoprim 210 120 210 42.9% 0.0% 
Primidone 160 130 170 18.8% -6.3% 
PFOA 23 19 24 17.4% -4.3% 
Ditiazem 100 85 81 15.0% 19.0% 
Sulfamethoxazole 1500 1300 1300 13.3% 13.3% 
Gemfibrozil 2100 2000 2100 4.8% 0.0% 
Atenolol 1200 1200 1000 0.0% 16.7% 
DEET 500 500 490 0.0% 2.0% 
Meprobamate 130 130 130 0.0% 0.0% 
Carbamezapine 220 230 220 -4.5% 0.0% 
Diphenhydramine 270 310 590 -14.8% -118.5% 
17β-Estradiol 29.90 < 1.0 < 1.0 96.6% 96.6% 
17α-Estradiol 11.20 < 1.0 < 1.0 91.0% 91.0% 
Testosterone 35.80 3.10 4.40 91.3% 87.7% 
Estrone 54.10 37.50 42.10 30.7% 22.2% 
Estriol 166.00 130.50 81.60 21.4% 50.8% 
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Concentration (ppt, ng/L) Percent Removal 

 

 04/06/15 
PE 

R2A     
T = 6 hr 

R2D              
T = 6 hr 

R2A 
(Uninhibited) 

R2D (Nitrification 
Inhibited) 

Triamcinolone acetonide 22.90 20.80 21.60 9.2% 5.7% 
Hydrocortisone 159.00 147.00 145.00 7.5% 8.8% 
Fluocinolone acetonide 0.22 0.21 0.26 4.5% -18.2% 
Bisphenol A 395.00 403.00 397.00 -2.0% -0.5% 
Methylprednisolone 6.50 7.15 8.09 -10.0% -24.5% 
Dexamethasone 0.29 0.33 0.23 -13.8% 20.7% 
Betamethasone 0.57 0.65 0.68 -14.0% -19.3% 
Cortisone 228.00 328.00 417.00 -43.9% -82.9% 
17-Hydroxyprogesterone 21.20 31.20 20.20 -47.2% 4.7% 
Prednisolone 12.30 28.60 43.20 -132.5% -251.2% 
Prednisone 4.49 11.60 17.20 -158.4% -283.1% 
Progesterone 3.70 15.50 12.10 -318.9% -227.0% 
Corticosterone 9.80 46.60 42.90 -375.5% -337.8% 

 
 

Figure 3.11 

 
Concentration (ppt, ng/L) 

 

04/06/15 
PE 

04/06/15 
Continuous 

Reactor % Removal 
Corticosterone 9.8 < 0.20 98.0% 
17β-Estradiol 29.9 < 1.0 96.7% 
Cortisone 228 8.87 96.1% 
Testosterone 35.8 1.5 95.8% 
Hydrocortisone 159 9.44 94.1% 
Estriol 166 < 10 94.0% 
17α-Estradiol 11.2 < 1.0 91.1% 
Estrone 54.1 7.8 85.6% 
Prednisolone 12.3 2.56 79.2% 
17-Hydroxyprogesterone 21.2 4.6 78.3% 
Progesterone 3.7 1.2 67.6% 
Dexamethasone 0.29 0.11 62.1% 
Prednisone 4.49 2.25 49.9% 
Methylprednisolone 6.5 3.32 48.9% 
Betamethasone 0.57 0.41 28.1% 
Triamcinolone acetonide 22.9 17.8 22.3% 
Fluocinolone acetonide 0.22 0.19 13.6% 
Bisphenol A 395 368 6.8% 
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Appendix C: Chapter 4 Data 

Figure 4.2 

 
mg/L-N mg/L 

 

Influent 
Ammonia 

Effluent 
Ammonia 

Effluent 
Nitrate 

Effluent 
Nitrite 

Attached 
Volatile 
Solids 

HDPE Reator 
     9/12/15 47 33.5 18.8 2.0 

 9/14/15 47 43.5 7.1 1.4 
 9/16/15 47 43.5 3.2 1.4 
 9/18/15 28.7 28.7 2.2 1.4 
 9/20/15 28.7 25.1 1.4 1.4 
 9/22/15 28.7 23 2.4 3.8 
 9/24/15 28.7 22.4 3.4 3.8 
 9/27/15 27.6 23.6 4.2 1.5 
 10/1/15 27.6 22.7 6.4 0.9 
 10/4/15 73 50 12.7 1.0 
 10/6/15 73 50 20.0 1.1 
 10/10/15 38 10 30.0 2.0 
 10/15/15 38 5.4 36.8 3.4 
 10/19/15 55 1.2 58.0 0.9 
 10/22/15 75.3 1.4 84.5 1.2 
 10/26/15 111.2 21.6 92.0 3.3 
 10/31/15 111 21.6 106.9 3.3 
 11/5/15 111 14.5 114.3 2.3 
 11/9/15 111 10 115.0 2.0 147 

Nylon Reactor 
    9/12/15 47 38 8.9 1.4 

 9/14/15 47 45.8 2.3 1.3 
 9/16/15 47 46.7 0.8 0.9 
 9/18/15 28.7 28.7 0.6 0.8 
 9/20/15 28.7 27.7 0.6 1.8 
 9/22/15 28.7 23 1.0 2.9 
 9/24/15 28.7 24 1.2 3.9 
 9/27/15 27.6 24.1 1.5 2.7 
 10/1/15 27.6 24.2 2.3 2.3 
 10/4/15 73 48 6.5 3.2 
 10/6/15 73 44.7 15.1 3.5 
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mg/L-N mg/L 

 

Influent 
Ammonia 

Effluent 
Ammonia 

Effluent 
Nitrate 

Effluent 
Nitrite 

Attached 
Volatile 
Solids 

10/10/15 38 0.9 30.0 3.5 
 10/15/15 38 0.9 46.8 0.9 
 10/19/15 55 0.7 56.7 2.9 
 10/22/15 75.3 0.9 87.5 2.9 
 10/26/15 111 8.6 89.1 22.2 
 10/30/15 111 3.1 108.5 16.9 
 11/5/15 111 19.3 80.1 26.0 
 11/9/15 111 15 93.0 20.0 48 

 
 

Figure 4.3 

 
% Relative Abundance 

 

10/26/15 
Nylon 

10/26/15 
HDPE 

Proteobacteria; Alphaproteobacteria; 
Rhizobiales; Rhizobiaceae 

34.3 1.4 

Proteobacteria; Alphaproteobacteria; 
Rhizobiales; Hyphomicrobiaceae 

12.6 18.2 

Proteobacteria; Alphaproteobacteria; 
Rhizobiales; Phyllobacteriaceae 

5.8 3.8 

Proteobacteria; Alphaproteobacteria; 
Rhizobiales; Bradyrhizobiaceae 

5.0 2.8 

Proteobacteria; Alphaproteobacteria; 
Sphingomonadales; Sphingomonadaceae 

5.2 6.6 

Proteobacteria; Betaproteobacteria; 
Burkholderiales; Comamonadaceae 

8.5 4.9 

Proteobacteria; Betaproteobacteria; 
Nitrosomonadales; Nitrosomonadaceae 

3.8 0.6 

Proteobacteria; Betaproteobacteria; 
Rhodocyclales; Rhodocyclaceae 2.5 5.9 

Proteobacteria; Gammaproteobacteria; 
Xanthomonadales; Xanthomonadaceae 1.4 12.9 

Actinobacteria; Actinobacteria; 
Actinomycetales; Microbacteriaceae 6.6 0.8 

Bacteroidetes; Sphingobacteriia; 
Sphingobacteriales; Unclassified 

0.9 3.3 
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% Relative Abundance 

 

10/26/15 
Nylon 

10/26/15 
HDPE 

Bacteroidetes; Flavobacteriia; 
Flavobacteriales; Cryomorphaceae 

0.3 6.6 

Relative Abundance < 3% 6.3 24.3 
Unclassified 6.8 8.0 

 
 

Figure 4.4 

 
Concentration (mg/L-N) 

 

Influent 
Ammonia 

Effluent 
Ammonia 

Effluent 
Nitrate 

Effluent 
Nitrite 

HDPE 
    6/7/16 8.6 5.3 1.9 1.8 

6/9/16 10.0 6.1 1.3 2.3 
6/14/16 12.2 5.4 2.4 3.4 
6/20/16 16.0 8.8 2.6 3.4 
7/4/16 17.2 0.6 17.0 1.1 
7/14/16 20.1 0.4 21.4 0.7 
7/27/16 20.1 0.4 18.2 0.8 
8/4/16 23.4 0.6 23.9 0.8 
8/9/16 23.4 0.4 23.1 0.8 
8/15/16 23.4 0.4 22.0 0.8 
8/18/16 23.4 0.3 24.1 1.0 
8/22/16 25.0 0.3 26.5 0.8 
8/27/16 48.0 0.5 54.2 1.4 
9/7/16 48.0 0.3 40.7 3.6 
9/10/16 50.0 1.0 33.0 21.1 
9/16/16 50.0 0.3 32.1 23.9 
9/22/16 50.0 0.1 53.2 4.9 
9/27/16 65.0 0.1 65.9 1.9 
10/2/16 65.0 0.3 59.3 2.2 
Nylon 

    6/7/16 8.6 3 4.8 1.2 
6/9/16 10 6.1 

  6/14/16 12.2 0.77 18.3 0.6 
6/20/16 16 8 7.0 5.3 
7/4/16 17.2 0.6 20.9 1.5 
7/14/16 20.1 0.3 7.5 3.2 
7/27/16 20.1 0.5 17.7 0.8 



  

147 

 
Concentration (mg/L-N) 

 

Influent 
Ammonia 

Effluent 
Ammonia 

Effluent 
Nitrate 

Effluent 
Nitrite 

8/4/16 23.4 0.4 24.8 0.8 
8/9/16 23.4 0.4 24.5 0.7 
8/15/16 23.4 0.4 24.4 0.8 
8/18/16 23.4 0.2 23.6 0.9 
8/22/16 25 0.2 25.6 1.1 
8/27/16 48 0.9 54.1 2.9 
9/7/16 48 0.2 41.2 1.5 
9/10/16 50 0.1 54.0 1.6 
9/16/16 50 0.3 54.6 2.5 
9/22/16 50 0.4 51.2 3.0 
9/27/16 65 0.2 53.4 2.1 
10/2/16 65 0.1 77.7 2.2 

 
 

Triclosan Calibration 

Standard Concentration 
(mg/L) 

Area 
(mAU*min) 

0 0 
5 10363.6 

2.5 4535.6 
1 2425.5 

0.5 1094.9 
 
RSQ 0.9926 
Slope (mAU*min*L*mg-1) 2023 

 
 

 

Caffeine Calibration 

Standard Concentration 
(mg/L) 

Area 
(mAU*min) 

5 8889.44 
2.5 4509.4 
1 1928.18 

0.25 404 
0 0 
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RSQ 0.9996 
Slope (mAU*min*L*mg-1) 1778 

 
 
 
 

Figure 4.5 

 
Removal Rate (ug/L*hr) 

 

Nylon 
Biofilm 

HDPE 
Biofilm 

Caffiene 200 ug/L Test 1 12.2 2.4 
Caffeine 80 ug/L Test 2* -0.2 -0.5 
Triclosan 100 ug/L Test 1 58.9 28.2 
Triclosan 100 ug/L Test 2 42.0 31.3 

 
 

 
Figure 4.6 

Sample 
Peak Area 
(mAu*min) 

Concentration 
Measured 

(mg/L) 

Sample 
Volume 

(mL) 

Elution 
Volume 

(mL) 

Calculated 
Triclosan 
Sample 

Concentraion 
(ug/L) 

Before Dose 0 0 100 12 0 
After After Dose 1435 0.718 100 12 86.1 
After Dose Dup 1294 0.647 100 12 77.6 
Rnylon T=1 1017 0.508 100 12 61.0 
Rnylon T=61 303 0.152 100 12 18.2 
Rnylon T=61 Dup 331 0.165 100 12 19.9 
Rhdpe T=1 1218 0.609 100 12 73.1 
Rhdpe T=1 Dup 1067 0.533 100 12 64.0 
Rhdpe T=61 565 0.282 100 12 33.9 
Rhdpe T=61 Dup 679 0.339 100 12 40.7 

 

Time (min) 
Average Triclosan 

Concentration (ug/L) Removal  
Nylon Biofilm 

  0 81.9 0.0% 
1 61.0 25.5% 

61 19.0 76.8% 
HDPE Biofilm 

  0 81.9 0.0% 
1 68.5 16.3% 

61 37.3 54.5% 
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Figure 4.7 

 

Peak Area 
(mAu*min) 

Concentration 
Measured 

(mg/L) 

Sample 
Volume 

(mL) 

Elution 
Volume 

(mL) 

Calculated 
Triclosan 
Sample 

Concentraion 
(ug/L) 

Before Dose 0 0.000 100 10 0.0 
After After Dose 2231 1.115 100 10 111.5 
After Dose Dup 2071 1.036 100 10 103.6 
Rnylon T=1 1737 0.868 100 10 86.8 
Rnylon T=1 1725 0.863 100 10 86.3 
Rnylon T=61 1069 0.534 100 10 53.4 
Rnylon T=61 Dup 1201 0.601 100 10 60.1 
Rhdpe T=1 1783 0.892 100 10 89.2 
Rhdpe T=1 Dup 1688 0.844 100 10 84.4 
Rhdpe T=61 1626 0.813 100 10 81.3 
Rhdpe T=61 Dup 1641 0.821 100 10 82.1 

 
 
 

Time (min) 
Average Triclosan 

Concentration (ug/L) Removal  
Nylon 

  0 107.5 0.0% 
1 86.5 19.5% 

61 56.7 47.2% 
HDPE 

  0 107.5 0.0% 
1 86.8 19.3% 

60 81.7 24.1% 
 
 

Figure 4.8 

 

Peak Area 
(mAu*min) 

Concentration 
Measured 

(mg/L) 

Sample 
Volume 

(mL) 

Elution 
Volume 

(mL) 

Calculated 
Caffeine 
Sample 

Concentraion 
(ug/L) 

Before Dose 0 0.000 100 10 0.0 
After After Dose 1454 0.814 100 10 81.4 
After Dose Dup 1491 0.834 100 10 83.4 
Rnylon T=1 1354 0.758 100 10 75.8 
Rnylon T=1 1386 0.776 100 10 77.6 
Rnylon T=61 1386 0.776 100 10 77.6 
Rnylon T=61 Dup 1391 0.779 100 10 77.9 
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Peak Area 
(mAu*min) 

Concentration 
Measured 

(mg/L) 

Sample 
Volume 

(mL) 

Elution 
Volume 

(mL) 

Calculated 
Caffeine 
Sample 

Concentraion 
(ug/L) 

Rhdpe T=1 1329 0.744 100 10 74.4 
Rhdpe T=1 Dup 1359 0.760 100 10 76.0 
Rhdpe T=61 1344 0.752 100 10 75.2 
Rhdpe T=61 Dup 1355 0.758 100 10 75.8 

 

Time (min) 
Average  Caffeine 

Concentration (ug/L) Removal  
HDPE 

  0 82.4 0.0% 
1 75.2 8.7% 

121 75.5 8.3% 
Nylon 

  0 82.4 0.0% 
1 76.7 7.0% 

121 77.7 5.7% 
 


