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Introduction 

 Wetlands are unique ecosystems that support biodiversity, prevent erosion and 

flooding, provide buffers from storms, and mitigate the effects of contaminants. Over 

50% of wetland area in the coterminous US has been lost since the late 1600s (Noss 

1995). Indiana is no exception; historically, 25% of Indiana was covered by wetlands, 

though only 4% remain (Noss 1995). Loss of these critical resources may have adverse 

effects on community structure and ecosystem function. In addition to providing habitat 

for threatened and endangered species, wetlands provide essential ecosystem services 

such as mitigation of contaminant loads. For example, wetlands attenuate heavy metals 

and industrial solvents (An et al. 2011 and Qin et al. 2015) and reduce nitrogen loads by 

68% (Woltemade 2000). Wetlands effectively degrade these contaminants due to high 

biogeochemical activity associated with increased water residence time, aerobic 

conditions and abundant organic matter. Further, wetland macrophytes can facilitate 

microbial degradation of contaminants (Qin et al. 2015). Previous research has 

quantified the importance of wetlands in degrading common pollutants, though 

degradation of novel contaminants is not well understood.  

 One emerging class of trace organic contaminants (TOCs) in freshwaters are 

pharmaceuticals and personal care products (PPCPs). These contaminants are 

increasingly being detected in surface water and can have adverse effects on aquatic 

organisms (Ankley 2008). Sources of PPCPs to aquatic ecosystems include wastewater 

effluent, agricultural run-off, and septic leaching (Dougherty et al. 2010, Daughton and 

Ternes 1999). Both natural and constructed wetlands may attenuate PPCPs (Qin et al., 

2014, Zhang et al., 2013, Conkle et al., 2008) though the potential for degradation is 
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variable (10-90%) and a function of compound type, concentration, and physiochemical 

conditions.  

 Many TOCs have adverse effects on aquatic ecosystems as well as potential for 

adverse effects to human health. For example, DEET has been shown to cause 

seizures, brain damage and dermal toxicity in humans (Tay 2011). Further triclosan can 

cause toxic effects in microbial communities, algae, and fish (Suarez 2007), as well as 

contribute to the evolution of bacterial resistance (Aiello 2007). Some TOCs can have 

endocrine disrupting effects altering sex ratios and fecundity which may have long term 

consequences for population dynamics (Raut 2010). The primary concern for PPCP 

contamination is chronic introduction and persistence in natural systems and the 

potential for environmentally relevant concentrations resulting in non-lethal effects on 

the community structure and function of ecosystems (Daughton and Ternes 1999). 

 My overall goal was to develop predictive models of PPCP degradation in 

Indiana wetlands. This goal was met through specific objectives with related 

hypotheses: 1) Quantify spatial and temporal variation in PPCP abundance within a 

rural and urban wetland; and, 2) Identify factors that influence PPCP degradation. It was 

hypothesized that effluent concentrations would be lower than influent concentrations 

due to wetland degradation. Further, urban wetlands were hypothesized to have more 

PPCP compounds and higher concentrations compared to rural wetlands. Lastly, PPCP 

concentrations were hypothesized to be lowest in the summer due to high 

photodegradation as well as increased microbial and macrophyte production.  
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Methods 

Study Sites 

 Two wetland sites were selected to represent both an urban and rural drainage 

area (Fig. 1). The urban wetland was located in Indianapolis, Indiana at the Nina Mason 

Pulliam Ecolab on the campus of Marian University in (hereafter “Ecolab”). The rural 

wetland was located in Wolcottville, Indiana at the Marsh Wren Nature Preserve 

(hereafter “Marsh Wren”).  

  The Ecolab is a restored natural wetland that was historically used for agriculture 

until restoration efforts began in 1912 with the planting of native plant species (Grese 

1992). The main wetland water body is ~12,600 m2 with a watershed ~0.07 km2 and 

cover within the watershed is primarily urban/suburban with developed fields and forest. 

The Ecolab receives over-land input from the surrounding area in addition to input 

drainage pipes along the periphery of the main wetland waterbody (Fig. 1). There are 

approximately 14 man-made inputs that drain into the main waterbody. The wetland 

also receives groundwater input from natural springs. There is one primary output 

culvert from the Ecolab that drains into Crooked Creek (Fig. 1). 

 Marsh Wren is a natural wetland located southeast of the Oliver, Olin, Martin 

lakes watershed and encompasses ~ 27.75 km2 (Jones et al., 2009). Water flows from 

Martin Lake through Olin and Oliver Lake with retention times of 0.3, 1.1, and 1.9 year 

respectively (Jones et al., 2009) and subsequently discharges into the Marsh Wren 

wetland. Marsh Wren has one primary stream input in the northeast corner and one 

primary stream output in the southwest corner (Fig. 1). The watershed that drains into 



7 
 

Marsh Wren has an area of 33.3 km2. The most common land cover types are cultivated 

crops (44%) and hay/pasture (21%). 

Descriptive Sampling  

 Sampling was conducted at both wetland sites monthly over one water year from 

October 2015 to September 2016. Each month both sites were sampled within a 48 h 

period. At each site, input and output water was collected and filtered on-site (0.7 µm 

pore size Whatman GF/F) into 1 L brown HDPE Nalgene sample bottles. Water 

collecting equipment was tripled rinsed in sample water prior to sample collection. For 

Marsh Wren stream input and output, multiple water samples were collected facing 

upstream across the main channel and combined into one bottle for a homogenized 

width-integrated sample. For Ecolab pipe inputs, water was collected from the pipe into 

a bucket or graduated cylinder, and subsequently filtered into sample bottles. The main 

Ecolab wetland input, a large drainage tunnel entering from the west (~2 m width), 

samples were collected across the width of the channel’s surface, facing upstream, for a 

width-integrated sample as above. The output culvert was sampled directly from a 

maintenance hatch on the eastern edge of the waterbody. Each month, two to six 

Ecolab samples were collected, depending on flow from input pipes, and 2 Marsh Wren 

samples were collected. At each site and sampling event, matrix samples and field 

blanks were also collected for quality control.  

 Filtered water samples (125 mL) were also collected as above at each site and 

sampling event for measurement of dissolved nutrient concentrations. Dissolved 

nutrient water samples were frozen upon return to the laboratory (< 24 h) for 

subsequent analysis using Ion Chromatography (DIONEX ICS-3000).  
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 Ancillary data describing physiochemical properties were measured using a 

Hydrolab MS5 multi-probe Sonde and included water temperature, salinity, dissolved 

oxygen, pH and turbidity. The sonde was calibrated monthly per standard manufacturer 

guidelines. The sonde was placed either directly in the water for stream sampling or in a 

graduated cylinder for input pipe sampling. Where possible, stream width was 

measured along with depth and flow at equidistant points across the channel using a 

Marsh McBirney flow meter for calculation of discharge.   

Trace Organic Contaminants  

 Filtered water samples were delivered to the Indiana State Department of Health 

Chemical Laboratories (Indianapolis) within 72 hours of collection and analyzed for 24 

trace organic compounds (TOCs) across chemical classes. Compounds measured were 

caffeine (CAS: 58-08-2, Minimum detection level (MDL)= 53 ng/L), carbamazepine 

(CAS: 298-46-4, MDL= 1.4 ng/L), codeine (CAS: 76-57-3, MDL= 5.6 ng/L), cotinine 

(CAS: 486-56-6, MDL= 5.7 ng/L), DEET (CAS:134-62-3, MDL=8.4 ng/L), 

diphenhydramine (CAS: 147-24-0, MDL= 5.5 ng/L), gemfibrozil (CAS: 25812-30-0, 

MDL= 1 ng/L), ibuprofen (CAS: 15687-27-1, MDL= 9.3 ng/L), naproxen (CAS: 22204-

53-1, MDL= 53 ng/L), paraxanthine (1,7-Dimethylxanthine)(CAS:611-59-6, MDL= 39 

ng/L), sucralose (CAS: 56038-13-2, MDL= 67 ng/L), sulfadimethoxine (CAS: 122-11-2, 

MDL= 1.5 ng/L), sulfamethazine (CAS: 57-68-1, MDL= 5.1 ng/L), sulfamethoxazole 

(CAS:723-46-6, MDL= 8 ng/L), triclocarban (CAS: 101-20-2, MDL= 15 ng/L), triclosan 

(CAS: 3380-34-5, MDL= 87 ng/L), trimethoprim (CAS: 738-70-5, MDL= 6.7 ng/L), and 

tylosin (CAS: 1405-54-5, MDL= 51 ng/L). To measure TOCs, a solid-phase extraction 

liquid chromatography mass spectrophotometry (SPE/LC/MS/MS) procedure using an 
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Applied Biosystems triple quad API 4000 equipped with an Agilent 1200 high 

performance liquid chromatograph. 

Data analysis  

 Trace organic compound removal within each wetland was calculated as the 

difference between the sum of the output and input concentrations at each sampling 

event. Two sample t-test were conducted to compare TOCs in Marsh Wren and Ecolab 

wetlands. Regression analyses were conducted to identify relationship between 

physiochemical properties and trace organic compounds. All data were analyzed using 

R statistical software.  

Results 

Site summary  

 Eighteen of the 24 contaminants assessed were detected in at least one study 

site. Six contaminants including acetaminophen, albuterol, chloramphenicol, lincomycin, 

sulfamerazine, and sulfathiazole were not detected in any of the sites (Table 1). Of the 

eighteen contaminants detected, DEET was detected the most frequently in 91.8% of all 

samples and sulfadimethoxine was the next most frequently detected contaminant in 

15.3% of all samples (Table 1). In addition to DEET and sulfadimethoxine, caffeine 

(detection frequency = 14.1%), carbamazepine (2.9%), cotinine (7.1%), 

diphenhydramine (10.6%), gemfibrozil (5.88%), sucralose (4.71%) triclocarban (4.71%), 

triclosan (9.41%), and tylosin (5.88%) were detected in all study sites.  

 Across sampling events, 14 contaminants were detected in the urban Ecolab site 

including caffeine (29.2%), carbamazepine (4.2%), cotinine (12.5%), DEET (100%), 



10 
 

diphenhydramine (25%), gemfibrozil (12.5%), paraxantine (16.7%), sucralose (12.5%), 

sulfadimethoxine (8.3%), sulfamethazine (4.2%), triclocarban (8.3%) triclosan (16.7%), 

trimethoprim (4.2%), and tylosin (12.5%). Several compounds had concentrations that 

spanned multiple orders of magnitude depending on sampling event including, caffeine 

(53 - 304 ng/L), cotinine (5.8 – 30.4 ng/L), DEET (9.1 - 494 ng/L), diphenhydramine (5.5 

- 23 ng/L), paraxanthine (39 - 170 ng/L), sucralose (115 - 2270 ng/L), and tylosin (51 – 

125 ng/L). Other compounds had intermediate concentration ranges: gemfibrozil (1 - 5.2 

ng/L), sulfadimethoxine (2.4 - 3.9 ng/L), triclocarban (17 – 35 ng/L), and triclosan (87 - 

72,000 ng/L). In contrast, carbamazepine (4.1 ng/L), sulfamethazine (5.1 ng/L), and 

trimethoprim (6.7 ng/L) were detected above detection limits only once. 

  Fifteen contaminants were detected in the rural Marsh Wren site including 

caffeine (8%), carbamazepine (4%), codeine (4%), cotinine (4%), DEET (92%), 

diphenhydramine (13%), gemfibrozil (8%), ibuprofen (4%), naproxen (4%), sucralose 

(4%), sulfadimethoxine (46%), sulfamethoxazole (4%), triclocarban (8%), triclosan (4%), 

and tylosin (8%). Three compounds had concentrations ranging over an order of 

magnitude: DEET (10 - 140 ng/L), diphenhydramine (8.2 - 64 ng/L), and 

sulfadimethoxine (1.5 - 10 ng/L). Other compounds had intermediate ranges: caffeine 

(65 -87 ng/L), gemfibrozil (1.3 – 2 ng/L), triclocarban (15 -34 ng/L) and tylosin (107 – 

347 ng/L). In contrast carbamazepine (5.7 ng/L), codeine (5.6 ng/L), cotinine (5.7 ng/L), 

ibuprofen (9.3 ng/L), naproxen (53 ng/L), sucralose (67 ng/L), sulfamethoxazole (8 

ng/L), and triclosan (110 ng/L) were above detection limits only once. 

 Overall, the urban wetland had higher frequencies of detection compared to the 

rural wetland for shared contaminants. Specifically, detection frequency was 23.1 % 
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higher in the urban wetland relative to the rural wetland for all compounds detected. 

However, sulfadimethoxine and triclocarban were detected more frequently in the rural 

wetland. Compounds measured differed between sites. Specifically, paraxantine, 

sulfamethazine, and trimethoprim were only detected in the urban Ecolab site. Codeine, 

ibuprofen, and naproxen and were only detected in the rural Marsh Wren wetland. 

 Total contaminant concentration (sum of all contaminants measured with >4% 

detection), ranged across 4 orders of magnitude and were highest in the Ecolab (72,290 

ng/L) during June in output samples (Fig. 4). The lowest total concentration (17.9 ng/L) 

was measured in Marsh Wren during March at the input site (Fig. 4).  

Overall, the total concentrations were ~10 times higher in the urban wetland 

relative to the rural wetland (Fig. 2). In general, the rural wetland had higher 

concentrations of contaminants in the winter whereas contaminant concentrations in the 

urban wetland were highest in the summer. Further, compounds detected in influent and 

effluent varied by month (Fig. 3). 

 Degradation of compounds (input – output) and removal rates (input-

output)*100/input) were not consistent between wetlands (Fig. 5). Across wetlands, 

spatial and temporal patterns in degradation were also inconsistent. Over the water 

year, the urban wetland exhibited net loss (i.e., degradation) for 8 months. The rural 

wetland exhibited degradation during 4 months, but followed more closely to expected 

seasonal patterns with no degradation during winter months. Further, several sampling 

events yielded higher output concentrations relative to input concentrations suggesting 

other sources within the wetland. 



12 
 

 Total contaminant concentration by site (urban or rural) and location (input or 

output) were not significantly correlated with dissolved oxygen (% sat or mg/L), pH, or 

SPC (mS/cm) (p > 0.10). However, concentrations were correlated with water 

temperature (°C), total dissolved solids (g/L), and salinity (ppt). Specifically, contaminant 

concentrations in the rural site were negatively correlated with water temperature at the 

output location (p = 0.04) with higher water temperatures correlated with lower 

contaminant concentrations (Fig. 8). However, the input location did not show 

correlations between temperature and contaminant concentration (p = 0.2). In the urban 

site, contaminant concentration was negatively correlated with total dissolved solids at 

the input location (p = 0.05), with higher total dissolved solids associated with lower 

contaminant concentration (Fig. 6). The input location also showed positive correlation 

between contaminant concentrations and salinity (p = 0.04) (Fig. 7).  

Discussion 

 Overall, PPCP concentrations in the urban and rural wetland did not vary 

significantly, contrary to the hypothesis that urban concentrations would be higher. 

Overland flow in the urban wetland was mitigated by ancillary fens and bog around the 

main water body. These fens and bogs would then drain into the wetland via input 

pipes. These fens and bogs likely degraded some contaminants before entering the 

main waterbody. Similarly a large portion of the rural wetland watershed incorporated a 

chain of lakes, capable of retaining and degrading contaminants.    

 Neither the urban or rural wetland demonstrated significant degradation of 

PPCPs as differences in output compared to input concentrations. This may be due to 

short hydrologic residence times that could have reduced retention potential by 
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decreasing contact time of PPCPs with the sediment (Conkle et al. 2012). The rural 

wetland output was blocked by a beaver dam during July sampling, increasing 

hydrologic retention, and this was the only month that had minimal PPCP detection. 

 DEET was the most commonly detected compound in both wetlands and 

triclosan was measured at the highest concentration. Both contaminants are 

consistently among the most frequently detected organic wastewater contaminants 

across studies (Kolpin et al. 2000). The ubiquitous presence of DEET and triclosan 

suggest differential inputs via atmosphere and overland flow and persistence within the 

wetland.  

 Triclosan is an antimicrobial agent and occurs in products such as liquid soaps, 

deodorants, toothpaste, mouthwash, clothing, textiles and plastics (Suarez et al. 2007). 

The urban wetland had the highest input concentrations of triclosan and had an output 

concentration several orders of magnitude higher than the influent, again suggesting 

additional input pathways. Photolysis in surface waters accounts for 80% of triclosan 

removal (Matamoros et al. 2012). This suggests that triclosan would be found in higher 

concentrations during the winter, however this study found the highest concentrations in 

the summer.  

 While the urban and rural wetland did not vary significantly in PPCP abundance, 

the urban wetland had higher concentrations of triclosan, DEET, and sucralose. Factors 

contributing to lower concentrations in the rural wetland include a smaller human 

population, surrounding the rural wetland, and the chain of lakes preceding the wetland 

yield higher hydrologic residence times and can contribute to the degradation of surface 

water contaminants. Sulfadimethoxine is an antimicrobial medication used in veterinary 
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medicine and was the second most commonly detected contaminant in the rural 

wetland. The presence of triclosan and sucralose in urban wetlands and 

sulfadimethoxine in rural wetlands suggests that surrounding land use and population 

size does influence specific contaminant detection.      

 The wetlands in this study had spatially and temporally variable PPCP 

concentrations suggesting differential input and degradation pathways. The results of 

this study suggest that there is some variation in urban and rural wetlands, but 

degradation is not only dictated by increased activity in the summer and abiotic factors; 

human use can increase contaminant presence and concentrations at times that are 

unexpected (i.e., frequent detection of DEET in winter months). Higher output 

concentrations may also suggest atmospheric PPCP sources or groundwater 

contributions. 

  In general, these natural wetlands do not serve as a significant degradation 

pathway for PPCPs. Thus, reduced use and consumption may be necessary to 

decrease contaminants in these waterways.  
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