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Introduction 

Total dissolved trace organic compounds (TOCs) are a group of chemicals that 

include pharmaceuticals, personal care products (PPCPs) and food additives (Coday et 

al., 2014; Bernot et al., 2016). These compounds enter aquatic ecosystems through 

wastewater as well as industrial and agricultural runoff (Coday et al., 2014; Bernot et al., 

2016). While the abundance of TOCs are extensively documented in aquatic 

ecosystems throughout the United States (Ebele et al., 2017), the fate and effects of 

total dissolved TOCs in freshwaters are not fully understood (Bernot et al., 2016).  

Two ubiquitous TOC compounds in aquatic environments are triclosan (TCS) 

and triclocarban (TCC) (Halden and Paull, 2005; Bernot et al., 2016). Triclosan and 

TCC are both antimicrobials that can inhibit the growth of gram-positive and gram-

negative bacteria (Carey and McNamara, 2014; Kim and Rhee, 2016). Annually, an 

estimated 110,000 - 420,000 kg of TCS has entered wastewater treatment plants in the 

United States (Heidler and Halden, 2007). Similarly, TCC enters wastewater at 227,000 

– 454,000 kg/y kg/yr (Halden, 2014). While TCS and TCC enter wastewater treatment 

plants at these reported levels, TCS and TCC exist wastewater effluents at ng/L levels 

due to high removal rates at 97-98%. (Halden, 2014).  

Environmental concentrations of TCS and TCC within aquatic ecosystems are 

variable depending on the location and the time of year. In the greater Baltimore area, 

mean concentrations for TCS and TCC in rivers were 35 ± 20 ng/L and 110 ± 10 ng/L, 

respectively. (Halden and Paull, 2005). In contrast, median concentration of TCS across 

95 US streams was 140 ng/L (Koplin et al., 2002). Another US survey of 42 stream and 

river sites measured mean TCS concentrations of 877 ng/L and a maximum TCS 

concentration of 6,800 ng/L (Bernot et al., 2016). TCS is typically below detection limits 
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in freshwater sediment (Bernot et al., 2016). In contrast, TCC is more abundant in 

sediment (median concentration = 3.2 ng/g) but is generally below detection limits in 

water (Bernot et al., 2016). Half-lives of TCC and TCS are about 60 days in water and 

540 days in sediment (Halden and Paull, 2005). Internationally, TCS has been 

documented at concentrations 70 – 650 ng/L in the effluents of wastewater treatment 

plants at Switzerland (Lindstrom et al. 2002). In a national survey of total dissolved 

TOCs in Australian rivers, TCC was detected in only 1% of samples with a max 

concentration of 58 ng/L. (Scott, et al. 2014). 

Toxicity of TCC and TCS varies depending on organism (Table 1). The LC50 

(lethal concentration for 50% of the organisms in a standardized in a standardized 

bioassay) for fathead minnows is 180,000 ng TCS/L (Koplin et al., 2012). However, one 

of the most sensitive indicator species for TCC is the water flea (Ceriodaphnia dubiai) 

with a no observed effect concentration (NOEC) of only 146 ng/L (FDA 2005). 

Differences in toxicity, particularly for TCS, could be due to environmental pH. TCS 

maximum acceptable concentration for water fleas at a pH of 7.0 is 8.5 mg/L while the 

maximum acceptable concentration at a pH of 8.5 is 250 mg/L (Orvos et al., 2002). 

Dissolved organic carbon may also influence toxicity with decreased toxicity of TCS in 

certain organisms due to carbon’s sorptive effects reducing TCS bioavailability. 

(Carmosini, et al., 2016). For example, zebrafish exposure to TCS in the presence of 

dissolved organic carbon yielded lower toxicity with increased survivorship and hatching 

success (Carmosini, et al., 2016). 

In addition to toxicity, TCS and TCC affect the environment through potential 

development of microbial resistance. Antibacterial resistance is the ability of bacteria to 
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survive a lethal concentration of antibiotics that would normally inhibit growth (Carey 

and McNamara, 2014). Multiple resistance modifications to TCC and TCS have evolved 

in bacterial communities including impenetrable membranes and efflux pumps 

(Chuanchuen et al., 2001). Cross-resistance to other antibiotics also occurs following 

exposure to triclosan (Braoudaki and Hilton, 2004). For example, Pseudomonas 

aeruginosa has become resistant to chloramphenicol and tetracycline following TCS 

exposure (Chuanchuen et al., 2001). The World Health Organization (WHO) warns that 

we may soon enter a period where most bacteria are antibiotic resistant (WHO 2014). 

While TCS can lead to development of resistance genes in the microbial community, the 

minimal inhibitory concentration (MIC) that leads to resistance is still unknown (Carey 

and McNamara, 2014). 

In 2016, TCS and TCC were banned in consumer products (e.g., soaps, 

toothpastes, lotions) by the US Food and Drug Administration. The ruling came in 

conjunction with manufacturer inability to provide evidence of long-term safety and 

effectiveness (FDA, 2016). Additionally, the concerns associated with the development 

of antimicrobial resistance (Carey and McNamara, 2014; Kim and Rhee, 2016) and 

adverse effects on aquatic organisms outweighed the minimal potential benefit of 

antibiotics in consumer products.  

 This study had three objectives. First, to quantify the concentrations of total 

TOCs specifically including triclosan and triclocarban over time in the White River of 

central Indiana. Because of the recent FDA ban, it was hypothesized that total dissolved 

TOCs will decrease over time. Additionally, triclosan and triclocarban concentrations 

would also decrease over time. The next objective of the study was to investigate the 
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microbial response to acute TCS and TCC exposure in freshwater sediment microbial 

communities and an Escherichia coli pure culture. Microbial communities in sediment 

with a history of exposure to wastewater effluent were hypothesized to have higher 

respiration rates (i.e., resistance) than Escherichia coli pure cultures due to retained 

resistance genes. The last objective of the study was to investigate how chronic 

exposure of TCS and TCC affects sediment microbial community activity with regard to 

resistance and susceptibility to these antimicrobial compounds. It was hypothesized that 

the microbial community below the wastewater effluent would have higher resistance 

than the microbial community found above the wastewater effluent due to historic 

chronic exposure to TCS pre-FDA ban.   
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Methods 

Field Sampling 

The Upper White River is located in east-central Indiana and serves an upstream 

human population of 127,077 people. Urban areas make up 25.2% of the watershed 

while 64.6% is agriculture and the remaining 9.6% area is forest and wetland (Bernot et 

al., 2016). Filtered water and sediment samples for TOC analysis were collected 

monthly and approximately bi-monthly from October 2016 to October 2018 at two sites 

on the Upper White River in Muncie, Indiana. One site was located 500 m above a 

wastewater effluent point and one site was located 500 m below a wastewater effluent 

point. Sediment samples were collected at multiple haphazard points along each bank 

of the river and placed into acid washed 1 L bottles until completely filled. Water 

samples were collected using a 60 mL syringe fitted with a syringe filter containing a 

glass fiber filter (0.7 μm pore size). Water was filtered directly into a 1 L Nalgene bottle. 

Water and sediment samples collected for TOC analysis, were stored on ice (1.6 ˚C), 

and then transported within 6 h to the Indiana State Department of Health (ISDH) 

Chemical Laboratory (Indianapolis) for measurement of trace organic compounds 

(TOC) via solid-phase extraction liquid chromatography mass spectrophotometry 

(SPE/LC/MS/MS). Triclosan and Triclocarban were measured along with twenty-six 

other analytes including: acetaminophen, albuterol, caffeine, carbamazepine 

chloramphenicol, codeine, cotinine, DEET, diclofenac, diphenhydramine, fluoxetine, 

gemfibrozil, ibuprofen, lincomycin, naproxen, norfluoxetine, paraxanthine, sucralose, 

sulfadimethoxine, sulfamethazine, sulfamethoxazole, sulfathiazole, trimethoprim, tylosin 
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venlafaxine, warfarin. Sixteen water samples and twenty-three sediment samples were 

analyzed for TOC concentrations. 

Composite sediment samples (top ~10 cm) for acute and chronic assays were 

also collected from the Upper White River sites (~500 cm3 per sample event) for 

laboratory assays. Sediment samples were homogenized, and invertebrates and large 

debris were hand removed. Composite sediment samples were then refrigerated (1.6 

˚C) and brought to room temperature at least 1 h before experiments were conducted. 

Microbial Cultures 

Parent cultures of Escherichia coli (Carolina, Item #155065A) were inoculated 

onto tryptic soy agar plates and incubated for 2 d at 37°C. Escherichia coli parent 

cultures were then transferred to tryptic soy broth and incubated for 2 d at 37°C. 

Inoculated Escherichia coli broth was then diluted with deionized water (1:6) to achieve 

baseline laboratory microbial cultures for experiments. Natural sediment microbial 

communities were sourced from sediment collected as described above. 

Acute Exposure Experiments 

Two replicate experiments were conducted to quantify the microbial response to 

acute triclosan and triclocarban exposure. Nineteen treatments (one control, 10 TCS 

concentrations, and 8 TCC concentrations) were conducted with a minimum of 4 

replicates each. Replicate number was increased (maximum of 12) for specific 

concentrations that yielded a greater range of response. Specifically, the treatment 

concentrations of 1000 ng/L and above had up to 12 replicates to confirm unexpected 

anomalies. For the sediment microbial community, homogenized sediment (2.5 mL) was 

added to 15 mL falcon tubes with 2.5 mL of deionized water. For the laboratory 
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microbial cultures, 5 mL of the diluted Escherichia coli culture in tryptic soy broth was 

dispensed into each falcon tube. Triclosan and TCC stock solutions were diluted to 

achieve effective concentrations ranging from 100 - 1,000,000 ng/L. Target 

concentrations were selected to represent a range of environmentally-relevant 

concentrations. Environmental concentrations for triclosan were 877 ng/L across 42 

national sites (Bernot, et al., 2016). Environmental concentrations for triclocarban were 

estimated with a mean of 213 ng/L and median 109 ng/L nationally (Halden and Paull, 

2005). Triclosan or triclocarban was then added to replicates as appropriate. Both 

sediment microbial community and Escherichia coli culture acute exposure experiments 

ran for 3 h.     

Chronic Exposure Experiments 

Chronic exposure experiments were conducted using sediment microbial 

communities collected from both the above and below the wastewater effluent sites. 

Sediment (2.5 mL) and deionized water (2.5 mL) with TCS (effective concentration = 

100,000 ng/L) were added to 50 falcon tubes (15 mL). The concentration 100,000 ng 

TCS/L was selected for the chronic exposure experiment because respiration from 

acute exposure experiments was highest at this concentration which suggested 

resistance. The objective of the experiment was to determine if resistance to TCS could 

be induced with chronic exposure – particularly to see if historic exposure of TCS 

created resistance observable 2 years post FDA ban. The sediment microbial 

community was exposed to TCS over a 3-week period with respiration measured every 

2 days on 5 replicate samples. Water and the triclosan treatment were replaced every 2 

days to limit decreasing exposure with potential degradation of TCS over time. Every 2 
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days, 10 replicates (5 above, 5 below) were sacrificed for measurement of respiration 

via DHA enzymatic activity assays (Fig. 1). 

Respiration 

Respiration was measured as dehydrogenase (DHA) enzymatic activity. 

Dehydrogenases are oxidoreductase enzymes that transfer electron pairs during 

microbial respiration (Smith and McFeters, 1997). Iodonitrotetrazolium (INT) chloride 

acts as an alternate electron acceptor in this enzyme assay. When reduced during 

respiration, iodonitrotetrazolium (INT) chloride is converted to INT formazan by both 

anerobic and aerobic microbes which has a red color that can be measured using 

spectrophotometry (Mosher et al. 2003). Standard curves were developed to relate 

color with INT formazan concentrations (Fig. 2). Enzyme assays added 0.75% INT 

chloride to microbial cultures followed by incubation for 3 h. The reaction was 

terminated by adding methanol (8 mL). Iodonitrotetrazolium formazan formed in the 

supernatant was measured using spectrophotometry (428 nm wavelength, Schimadzu 

dual beam spectrophotometer; sensu Hill et al. 2014). Formazan production was 

converted to consumed O2 for measurements of respiration (mg/L/d) as: 

𝐼𝑁𝑇 𝐹𝑜𝑟𝑚𝑎𝑧𝑎𝑛 (𝑚𝑔) =
𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 − 0.1082

0.0016
 

where 0.1082 = slope intercept; 0.0016 = slope; and measured absorbance at 428 nm 

 

𝑂𝑥𝑦𝑔𝑒𝑛 𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 (
𝑚𝑔

𝐿
) = (

𝐼𝑁𝑇 𝐹𝑜𝑟𝑚𝑎𝑧𝑎𝑛(𝑚𝑔)

(
1000

471.25
)

/2)  ∗ 31.99 

where 1000 = volumetric conversion; 471.25 = g/mol/ of INT Formazan; and 31.99 = 

g/mol of O2; 2 = mols 



 
 

14 
 

𝑅𝑒𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛 𝑚𝑔 𝐿−1𝑑−1 =  
𝑂𝑥𝑦𝑔𝑒𝑛 𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 (

𝑚𝑔 𝑂2

𝐿 ) 

0.125 𝑑
 

where 0.125 d = incubation time  

Data analysis 

T-tests (two-sample unequal variances, one-tail, α= 0.05) were used to compare 

TCC and TCS concentrations between sampling sites (above and below the effluent). 

Linear regression was used to identify the relationship between INT formazan 

concentration and absorbance for calculation of microbial respiration. Analysis of 

variance (ANOVA) was used to compare respiration among treatment concentrations in 

the acute and chronic experiments and in dissolved TOC concentrations among sites 

over time. Holm-Sidak and Dunn’s methods were used to make comparisons among 

each dissolved TOC sampling site due to unequal replicates. Linear and non-linear 

regressions were used to determine the relationship between TCS and TCC 

concentrations and respiration rates. 
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Results 

White River Contaminant Concentrations 

Dissolved TOC (sum of all measured compounds) was 1099 ng/L above the 

wastewater effluent and 10614 ng/L below the wastewater effluent during June 2017 

sampling (Fig. 3). Dissolved TOC was 3251 ng/L above the wastewater effluent and 

3272 ng/L below the wastewater effluent during summer 2018 (Fig. 3). Triclosan and 

TCC were both below detection limits (triclosan < 110 ng/L, triclocarban < 28 ng/L) in all 

sediment and water samples in 2017 (Supplemental table) Dissolved TCS and TCC 

were not included in the 2018 trace organic analysis. Sediment TOC concentrations are 

included in supplementary data. Dissolved TOC concentrations measured below the 

effluent (n = 16) during 2018 were 7342 ng/L less than TOC concentrations measured 

below the effluent during 2017 (n = 32) (p < 0.05). Dissolved TOC concentrations 

measured above the effluent during 2017 (n = 21) were 2152 ng/L less than TOC 

concentrations above the effluent during 2018 (n = 16) (p < 0.05).  

Baseline Respiration 

Baseline respiration rate (control samples) for the sediment microbial community was 

0.03 mg/L/d (Fig. 4A; range 0.015 – 0.040 mg/d/L). Mean sediment microbial respiration 

rates above the effluent was 0.029 mg/L/d. Mean sediment microbial respiration rates 

below the effluent was 0.024 mg/L/d. Microbial respiration rates were not different 

between sites (N = 5 above, N = 4 below, df = 7, tcrit = 1.89, p = 0.19). Baseline 

respiration for Escherichia coli was ~30% higher than the baseline sediment microbial 
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community respiration at 0.04 mg/L/d (range 0.018 – 0.049 mg/d/L) (N = 10 Escherichia 

coli, N = 9 sediment, df = 17, tcrit = 1.74, p = < 0.01).  

Acute Exposure – Sediment Microbial Community 

Microbial respiration was not influenced by TCS concentrations <100,000 ng/L 

(Fig. 4A). However, microbial respiration associated with both the above and below 

effluent sediment had an increase (0.15 mg/L/d) in respiration when exposed to 100,000 

ng/L TCS (Fig. 4A). When sediment microbial communities were exposed to TCS > 

100,000 ng/L, respiration rates declined to baseline levels (0.05 mg/L/d) (Fig. 4A). 

The effect of acute TCS exposure differed between sediment microbial 

communities above and below the effluent (N = 63 above N = 38 below, df = 53, tcrit = 

1.67, p = 0.013) (Fig. 4B). Specifically, respiration was 0.028 mg/L/d higher with TCS 

exposure in the sediment microbial community downstream of the effluent. The 

sediment microbial community above the effluent had similar respiration rates relative to 

controls (N = 9 controls, N = 63 above, df = 67, tcrit = 1.67, p = 0.282) (Fig. 4B). The 

sediment microbial community above the effluent did respond to TCC. Specifically, 

respiration was 0.076 mg/L/d higher than controls with TCC exposure (N = 72 above, N 

= 9 control, df = 78, tcrit = 1.99, p < 0.001). The response to TCC by the sediment 

microbial community below the wastewater effluent was not measured.  

Acute Exposure - Escherichia coli 

Overall, TCS concentration was negatively related to Escherichia coli respiration 

rate (r2 = 0.80, p < 0.001) (Fig. 5A). A 40% decrease in respiration was measured with 

increasing TCS exposure (Fig. 5A). In contrast, TCC concentration was negatively 
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related to Escherichia coli, but in a non-linear fashion.  (r2 = 0.394, p < 0.001) (Fig 5b). 

A steep decline in respiration was observed after exposure to 75,000 ng/L TCC (Fig 5b).  

Respiration rates of Escherichia coli exposed to TCS and TCC (from Fig. 5A and 

Fig. 5B) were transformed into respiration rate means and compared with Escherichia 

coli baseline rates, visualized in Fig. 6A and Fig. 6B. Respiration rates of Escherichia 

coli exposed to TCS averaged 0.04 mg/L/d which was comparable to baseline rates 

(Fig. 6A). However, respiration rates of Escherichia coli exposed to TCC averaged 

0.014 ng/L and were below baseline Escherichia coli respiration across all treatment 

concentrations (Fig. 6A, 6B). Escherichia coli respiration, however, declined with 

increasing treatment concentration of both TCS and TCC. When TCS concentrations 

were > 300,000 ng/L, Escherichia coli respiration decreased below baseline rates to a 

mean of 0.031 ng/L/d (Fig. 6B). Total Escherichia coli respiration rates with exposure to 

TCS was 0.0197 mg/L/d lower than sediment microbial community below the effluent 

(Fig. 4B, Fig. 6A). Escherichia coli respiration rates with exposure to TCS was higher 

than respiration associated with sediment above the wastewater effluent by 0.0081 

mg/L/d (Fig. 4B, Fig. 6A). Finally, Escherichia coli respiration rates with exposure to 

TCC was lower than respiration associated with sediment above the effluent by 0.0675 

mg/L/d (Fig. 4B, Fig 6a). 

Chronic TCS Exposure – Sediment Microbial Community 

Chronic exposure to TCS affected sediment microbial community respiration. 

However, effects were dependent on whether the sediment community originated from 

above or below the effluent. In sediment from below the effluent, respiration was 0.059 

mg/L/d following 2 days of TCS exposure (219% higher than baseline rates) but then 
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decreased 56% at 4 days of exposure to 0.033 mg/L/d (Fig. 7A). Respiration then 

subsequently increased to 0.045 mg/L/d at day 10 (Fig. 7A) There was not as much 

variation in respiration with chronic TCS exposure in sediment from above the effluent. 

In sediment from above the effluent, microbial respiration ranged from 0.020 to 0.023 

mg/L/d, 123% lower than baseline rates (Fig. 7A, 6B). Respiration was 0.020 mg/L/d at 

day 2 but then increased to 0.023 mg/L/d on day 4 (Fig. 7A). Respiration continued to 

average 0.022 mg/L/d day 4 through 8 until ending at a mean respiration of 0.023 

mg/L/d on day 10. 
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Discussion 

Freshwater TOC Concentrations 

Triclosan and Triclocarban concentrations were below detection limits (data not 

shown) and, dissolved TOC concentrations decreased in the White River from 2017 to 

2018 (Fig 3). This may be due to changes in input but may also be due to variations in 

sampling time. The similarity between dissolved TOC concentrations below the effluent 

during 2017 and above the effluent in 2018 could be due to variable sampling sizes (n = 

32 below ’17, n = 16 above ’18). In one study, temporal variation of some 

pharmaceutical concentrations could be affected by water column dissolved oxygen, 

precipitation, solar radiation, pH, and chlorophyll a concentration. (Veach and Bernot, 

2011). Sorption efficiency of TOC in sediment may be affected by sediment type, the 

type of TOC, and stream discharge (Veach and Bernot, 2011).  

Baseline Respiration 

In the White River sediment, baseline respiration rates in this study were lower 

than previous estimates in other systems. Mean sediment respiration rates in 214 

streams from the Appalachian Mountain Piedmont was 1.21 ± 0.08 mg/d using the 

same DHA methods (Hill et al., 2002) which is 3-times higher than rates measured in 

this study. Baseline microbial respiration could vary from microbial communities in 

different geographic locations. Factors such as temperature, pH, dissolved oxygen, and 

nutrient availability could contribute to respiration variability any may have contributed to 

the lower respiration observed in the White River. Baseline respiration for the sediment 

microbial community below the wastewater effluent site was 0.172 mg/L/d higher than 
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the above site (Supplementary table). In another similar study, respiration rates by cell 

counts of a downstream WWTP effluent had higher per-cell respiration rates than their 

upstream counterparts (Drury et al., 2013), consistent with the results of this study. 

Important to note, however, cultures of Escherichia coli were diluted (1:6) to achieve 

similar baseline respiration rates to baseline respiration rates as seen in sediment 

microbial cultures. Measurement of biomass or performing cell counts would be needed 

to verify if Escherichia coli cultures had similar bacterial counts to sediment microbial 

cultures.  

Acute Sediment Exposure 

Sediment exposure to TCC yielded the highest respiration rates compared to 

controls and TCS exposure. Respiration rates treated with TCC were ~5 times higher 

than baseline respiration (Fig. 4B) suggesting TCC stimulated microbes as opposed to 

inhibiting activity. Similarly, when exposed to TCS, microbial respiration increased ~1.5 

times relative to controls (Fig. 4B). The large increase of respiration seen at 100,000 

ng/L (Fig. 4A) could possibly indicate the microbial community may have shifted to a 

community that is resistant to TCS.  This microbial community may use TCS as an 

alternative or supplementary carbon source. Pseudomonas putida and Alcaligenes 

xyloxoxidans grow on 1% triclosan agar (Meaded et al., 2001). Further, a 

Sphingomonas-like organism can partially metabolize TCS grown on complex media 

(Hay et al. 2001). Respirations rates, however, return to previous rates above 100,000 

ng/L indicating susceptibility – even for microbes that may be resistant at 100,000 ng/L.  
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Acute Escherichia coli Treatments 

 The hypothesis that Escherichia coli exposure to TCS or TCC would yield lower 

respiration rates relative to the sediment microbial community respiration rates was 

partially supported. Average respiration rates of Escherichia coli treated with TCS was 

not different than baseline Escherichia coli respiration (0.38 mg/L/d) (Fig. 6B). 

Respiration of Escherichia coli with TCS treatments above 100,000 ng/L declined, 

however, indicating that Escherichia coli may have become susceptible to TCS at 

higher concentrations (Fig. 6A). In a supporting study, triclosan-susceptible Escherichia 

coli ATCC 8739 exposed to 100,000 ng/L of TCS prevented growth within a 75-minute 

period (Escalada et al., 2005). Respiration rates of Escherichia coli treated with TCC 

was about half the baseline Escherichia coli respiration (Fig. 6A) indicating Escherichia 

coli, may have a lower TCC minimum inhibitory concentration compared to TCS.   

Chronic Exposure Above and Below Effluent Sediment Samples  

The hypothesis that the historic sediment microbial exposure to TCS would affect 

current sediment community respiration was supported. The decline in respiration after 

four days of chronic exposure and subsequent increase from days 6 to 10 may indicate 

that the microbial community composition has shifted to a more resistant bacterium. 

Microbial composition and functional shifts have been previously documented (Zogg et 

al., 1997; Drury et al., 2013). While this study was not able to induce total susceptibility 

through chronic exposure, it may be reasonable to suggest that even after the 

implementation of the FDA ban 2 years ago, it is possible that some microbes 

(particularly those found below the wastewater effluent) may still possess resistance 

genes. This could at least partially explain the higher respiration rates seen below the 
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wastewater effluent. Additional evidence is seen where above and below average 

sediment microbial respiration with 100,000 ng/L of triclosan was 0.096 mg/L/d higher 

than sediment baseline respiration, whereas Escherichia coli respiration with 100,000 

ng/L triclosan was just 0.005 mg/L/d higher than baseline Escherichia coli respiration 

rates (Fig. 4A, Fig. 6B). This further illustrates that these resistance genes may have 

been originally developed from environmental stresses via exposure to TCS and TCC 

before the ban was implemented. 

Relevance  

In the context of this study, if the sediment microbial community above the 

wastewater effluent is treated as the near original composition of microbes, then it may 

be arguable that the sediment microbial community below the wastewater effluent is 

functionally different due to the significantly higher rates of respiration observed. 

Alternatively, this could also mean that the microbial community above the Muncie, 

Indiana wastewater effluent could have been exposed to triclosan and triclocarban from 

wastewater effluents upstream from the effluent.  Respiration rates for sediment above 

the wastewater effluent for the microbial community was the highest when exposed to 

TCC (Fig. 4B). However, in both chronic and acute experiments, sediment microbial 

respiration below the effluent tended to have higher respiration than sediment microbial 

respiration above the effluent (data not shown). This idea is only loosely supported in 

the scope of this study. Ecological functions vary community to community; respiration 

alone, is not the sole ecological function of any one microbial community. However, 

measuring microbial community respiration can still reveal if disturbances such as TCS 

and TCC acute and chronic exposure has affected community stability. In order to 
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further investigate this, microbial phylogeny and functional traits would also need to be 

assessed. In summary, this study presents evidence that even with the decline of TCS 

and TCC concentrations in the White River, sediment microbial activity may have legacy 

effects from previous exposure. 
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 Table 1. 

 

 

Organism Endpoint Analysis variable Exposure 
Duration 

TCS TCC Reference 

 
Algae 

      

Closterium 
ehrenbergii 

EC50 Asexual 
reproduction 

96 h 0.62 mg/L - Ciniglia et al., 2005 

Pseudokirchneriella 
subcapitata 

IC50 Biomass 72 h - 0.017 mg/L Yang et al., 2008 

Bacteria       
Staphylococcus 
aureus 

MIC Growth 24 h 0.025 – 1 mg/L - Suller and Russell, 
2000 

Vibrio fischeri 
 

IC50 Luminescence 15 min 0.73 mg/L 0.91 mg/L Villa, Vinghi, and 
Finizio, 2014 

Invertebrate       
       
Daphnia magna (< 24 
h) 

EC50 Survival 48 h 0.39 mg/L -  

Asellus sp. LC50 Mortality 72 h > 0.38 mg/L - Springborn Life 
Sciences Inc., 1992. 

Vertebrate       
Danio rerio (adult) LC50 Mortality 96 h 0.34 mg/L - Oliveira et al., 2009 

Pimephales promelas LC50 Mortality 96 h - 0.092 mg/L Monsanto Co., 1992. 
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Figure 4A           Figure 4B 

 

 

Acute Sediment 
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Figure 5A          Figure 5B 

 

Acute E. Coli 
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Figure 6A         Figure 6B 

 

 

Acute E. coli 



 
 

31 
 

 

 

 

 

 

 

Figure 7A                                Figure 7B

Chronic Sediment 
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