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Problem and Research Objectives: 
Triclosan (TCS) is a chlorinated aromatic compound added to a wide variety of consumer products 
including body and hand soaps, hand lotions and creams, toothpastes, mouthwashes, underarm 
deodorants, cosmetics, fabrics, and plastics. A nationwide study conducted in 2000 found that 45% of all 
consumer soaps on the market contained either triclosan or triclocarban (Perencevich EN, et al. 2001). 
The average consumer uses 3-5mg of TCS per person per day resulting in a large amount of TCS in 
residential wastewater influent (McAvoy DC, et al. 2002). 
 
The high use of TCS in consumer products has led to an increase of TCS in environmental waters. TCS 
persists through wastewater treatment plant processing. Within the US, it is estimated that 600,000 kg – 
10 million kg of triclosan and triclocarban enters the environment each year (Miller TR, et al. 2008). 
Although optimal wastewater treatment can degrade and remove a great percentage of triclosan, some 
TCS passes through the treatment plant where it is released into rivers making it detectable in 
environmental water samples. A 1999 US Geological Survey detected triclosan in 58% of 139 streams 
across 30 states (Kolpin DW, et al. 2002). 
 
Low TCS concentrations may lead to bacterial resistance by creating an environment where bacteria 
survive a future TCS exposure. Triclosan resistant bacteria may develop chlorine resistance due to the 
reactivity of the three chlorine atoms that may become bioavailable. Chlorination is used for a majority 
(93%) of the municipal drinking water purification systems within the USA. If bacteria gain chlorine 
tolerance, they may potentially survive standard disinfection, thereby threatening the safety of our 
drinking water and increasing the risk for human illness. The goal of this study is to identify if triclosan 
can lead to chlorine tolerance in bacteria strains isolated from different aquatic environments. 
 
Previous work has verified chlorine tolerance after a triclosan challenge when comparing a remote 
relatively clean reference site (REF) in Monroe, MA to a site downstream a wastewater treatment plant 
(WWTP) in Bridgewater, MA. A broth based assay was developed to measure chlorine resistance. This 
novel approach was then verified using a traditional Kirby-Bauer antibiotic resistance assay with a 
chlorine substitution. We found that more than one third of all isolated colonies increase chlorine 
resistance after a triclosan exposure. Further, prior history of the water samples greatly influenced 
chlorine resistance with over half of the bacterial samples in the WWTP increasing tolerance while less 
than 8% in the REF site. 
 
However, this study was limited in the scope of site selection. There was only one reference site and one 
contaminated site on separate watersheds with different hydrology and water use. Therefore, we 
analyzed water samples in a systematic approach to distinguish if bacterial communities do become 
more chlorine tolerant due to a wastewater treatment plant. 
 
Perencevich EN, et al. 2001. Am J Infect Control 29: 281-283. 
McAvoy DC, et al. 2002. Environ Toxicol Chem 21:1323-1329 
Miller TR, et al. 2008. Environ Sci Technol 42:4570-4576. 
Kolpin DW, et al. 2002. Environ Sci Technol 36:1202-1211. 
 
 
 



 

The overall goal:   
Verify if microbial communities have become chlorine resistant in waterways after residential use when 
compared to microbial communities upstream of effluent inputs. 
To achieve this goal, the following specific objectives were formulated using bacteria sourced from 4 
waterways. Each waterway was sampled upstream and downstream the first municipal wastewater 
treatment plant in the waterway in Massachusetts.   
 
 
The Objectives were: 

1. Identify the dose response of environmental bacteria in triclosan and chlorine. 
2. Determine triclosan’s effect on the development of chlorine tolerance in bacteria.  
3. Quantify the role of wastewater effluent on chlorine tolerance after a triclosan    
exposure.  
4. To determine if the site would affect chlorine tolerance after triclosan exposure. 
5. Train undergraduates in scientific research. 

Methodology: 
Water sampling and Bacterial Isolation 
In order to determine the baseline toxicity of chlorine and triclosan, a traditional dose-response assay 
was performed on environmental isolated bacteria from four environmental sources. Water was sourced 
before and after a WWTP on the Hoosic River (Adams, MA), Nashua River (Clinton, MA), the 
Nemasket River (Middleboro, MA) and the French Stream (Rockland, MA). Each of these sites (Figure 
1), are the first NPDES permit on each watershed and are, therefore, the only major documented source 
of pollution in these waterways. Sampling was performed upstream and downstream of the WWTP 
effluent on two occasions 1-3 days apart from June 3-9, 2013. Water parameters were measured over a 
24 hour period using deployed Sondes (Hach, Loveland, CO). Triclosan was measured in the water 
sample using an ELISA assay according to manufacturer’s instructions (Polysciences Inc., Warrington, 
PA). 
 
Bacteria were isolated from water samples at each site visit. Each of four sites were visited up and 
downstream the municipal effluent on two different days. Water samples were serial diluted and 100uL 
was plated on LB agar plates within 12 hours of sample collection and grown at room temperature for 2 
days. Individual colonies were counted and isolated into 600uL of 2x LB media and grown for 24 hours 
at 30oC and 175 RPM in 96-well plates covered with Airpore tape (Qiagen, Foster City, CA). Samples 
were quick frozen in 25% glycerol and stored at -80oC until analysis. 
 
Dose Response assays 
Bacterial plates were removed from the freezer and samples were regrown in fresh 2x LB media 
overnight as previously described. Bacteria from each site were chosen to produce baseline toxicity to 
triclosan and chlorine. Triclosan was diluted in a 1:4 serial dilution with 0.005% final ethanol 
concentration. Chlorine was diluted in a 1:3 serial dilution. 2xLB was used as the control media for each 
exposure. All samples were grown in triplicate plates. 10 uL of 1:50 diluted bacteria was added to 
200uL of exposure media. Samples were grown for 24 hours at 30oC and 175RPM. Growth was 
measured using 80uL with a spectrophotometer at 600nm. Differences between the controls were 
determined using pairwise t-test. 
 



 

Measuring changes in chlorine tolerance after triclosan exposure 
288 colonies from each of four sites were isolated. Half of the colonies were from upstream the effluent 
and half were downstream the effluent. Colonies were also split so half of each subset were from one of 
the two visits at each site. Each 96well plate included upstream, downstream, first site visit, and second 
site visit bacteria to eliminate sample bias. Plates were grown overnight at 30oC and 175RPM. The next 
day, bacteria was diluted 1:50 and 10uL placed into 4 treatments in triplicate containing either 2xLB 
(control), 0.001mg/mL triclosan in 0.005% ethanol and 2xLB, 0.05mg/mL in 0.005% ethanol and 2xLB, 
or 0.5mg/mL chlorine in 2xLB. Samples were grown overnight as previous described. At 24 hours, 
80uL was measured at 600nm to determine growth. The triclosan exposures were then diluted 1:50 and 
10uL exposed to 0.5mg/mL chlorine in 2xLB. After 24 hours, growth was measured again, as previously 
described. Differences in chlorine tolerance were determined by comparing growth in chlorine prior to 
triclosan exposure and growth in chlorine after triclosan exposure using pairwise t-test (Figure 2). 
 

Principal Findings and Significance: 
Water Sampling and Bacterial Isolation  
 
No significant differences were observed between the sites (Table 1) or within the same site over a 24 
hour period (data not shown). Using a colorimetric ELISA assay, no triclosan was quantified within any 
water sample collected. However, the lack of measured triclosan is not surprising since triclosan may be 
metabolized to other compounds and the low sensitivity of the assay.  
 
The number of colony forming units (CFUs) was not variable between days collected and most sites. 
The addition of effluent at any of the four sites didn’t change the total number of CFUs (Figure 3a). 
This is somewhat surprising since effluent usually contains high concentrations of macro and 
micronutrients. However there was a difference between the 4 sites. Rockland consistently had lower 
CFUs than the other sites (Figure 3b). However the lack of variability in other sites is expected. 
 
Dose Response to Chlorine and Triclosan 
A dose response assay to chlorine and triclosan were used to determine thresholds in the tolerance assay. 
The chlorine no observable effect concentration (NOEC) and the lowest observable effect concentration 
(LOEC) were 0.06 and 0.24mg/mL, respectively (Figure 4b). Using these thresholds, the chlorine 
concentration of 0.5mg/mL was used because most bacteria should have a significant effect unless a 
tolerance to chlorine is acquired. The NOEC and LOEC for triclosan were 0.06 and 0.25mg/mL, 
respectively (Figure 4a). Using these results, the triclosan concentrations chosen for the tolerance assay 
were 0.001mg/mL (a concentration well below the any hindrance in bacterial growth) and 0.05mg/mL (a 
concentration that may begin hinder growth).  
 
Triclosan altering Chlorine Tolerance 
The low concentrations of triclosan caused more chlorine tolerance than the high concentration of 
triclosan (Figure 5a). The dose of triclosan inversely affects the amount of chlorine resistance gained. 
Of the 1152 bacterial strains isolated, 13% increased chlorine tolerance after the low exposure while 
only a 5.2% increased after the high exposure. Some of the samples (3.6%) increased chlorine tolerance 
due to both exposures.  
 
Effect of Wastewater Effluent on Chlorine Tolerance 



 

Even though the low concentrations of triclosan caused more changes chlorine tolerance, the effluent 
effects did not cause a change (Figure 5b). The original hypothesis was that effluents have pre-exposed 
bacteria to triclosan and other chlorinated hydrocarbons would cause the bacteria to become resistant 
faster. However, this was not found as 82.8% of the bacteria upstream the effluent and 87.7% of the 
bacteria downstream had no effect.  
 
Effect of Environmental Site on Capacity to Gain Tolerance 
The four sites selected had no significant difference in tolerance (Figure 5c). The same pattern was 
observed in all four sites indicating none of these results are site-specific artifacts and probably transfer 
to any municipal effluent. Even though Rockland had fewer CFU (Figure 2b), the pattern of low 
triclosan exposure having the most influence was still present.  
 
Training Undergraduate in Scientific Research 
This grant provided the opportunity for two undergraduate students for 2013 summer research. Through 
this project, these students engaged method development, field site collection, sample processing, data 
processing, and presentations. The undergrads were intricately involved at every step of the process. By 
the end of the project the students had taken control of the project and each understood the data and 
project as well as any graduate student. 
 
The undergraduate students also presented their work at national and regional conferences. The students 
were the presenters of their research “Effect of Triclosan Challenges on Chlorine Tolerance in Bacteria 
Found Downstream from Waste Water Effluent” was presented in March 2014 at the national Society of 
Toxicology (SOT) convention in Phoenix, AZ. Other presentations include “Determination of Chlorine 
Tolerance in Bacterial Pre-Exposed to Triclosan from Wastewater Effluent” in April 2014 at the Eastern 
New England Biological Conference (ENEBC) in North Andover, MA. There have been several campus 
presentations as well. One of the students is continuing this project next year. She is addressing if 
continued low dose triclosan exposure does cause bacteria to gain tolerance to triclosan. The other 
student is graduating in May 2014 and is pursuing a career in the medical field.  
 
Conclusions 
The low dose of 0.001mg/mL triclosan has an increased effect on chlorine tolerance. This is concerning 
since antimicrobial hand soaps can be as high as 0.5% triclosan. This high dose of triclosan may cause 
more problems as it dilutes in natural environments. However this potential problem may not be 
occurring since there are no changes caused by wastewater effluents (Figure 5b).  
 
The mechanism of a chlorine tolerance is still not understood. Research is on-going to identify the 
mechanism. Currently bacteria are exposed to low doses of triclosan or chlorine to monitor if constant 
low doses activate a pathway to gain tolerance. In the future, we will be monitoring changes in gene 
expression in tolerant strains to understand the molecular mechanism of action. Undergraduate 
researchers will continue to be an integral part of the research project.  



 

 

 

Figure 1: River sites chosen for bacteria isolation. Water samples were collected from the Hoosic 
River (Adams, MA), the Nashua River (Clinton, MA), the Nemasket River (Middleboro, MA) and the 
French Stream (Rockland, MA). These sites were selected because the waste water treatment plants held 
the first NPDES permit on each of the four watersheds.  



 

 

 

 

Figure 2: The methodology used for determining increased chlorine tolerance in bacteria after 
triclosan passages. Water samples were collected upstream and downstream to the WWTP effluent. 
288 colonies from each of the four sites were selected and exposed to 0.05 and 0.001 mg/mL triclosan, 
0.5 mg/mL chlorine, or 2X LB media for 24 hours. All samples were grown in triplicate at 30°C and 175 
rpm. Growth was measured using spectrophotometry to read absorbance at 600nm. The bacteria exposed 
to the 0.05 and 0.001 mg/mL triclosan media were then re-plated in 0.5 mg/mL chlorine media. Growth 
was measured after 24 hours and compared to growth in chlorine media without exposure to triclosan. 



 

 

 

 

Figure 3:  Colony forming units (CFUs) per 100 mL water sample. Samples were collected upstream 
and downstream to the WWTPs at 24-48 hour intervals. 100 μL water samples were plated on LB agar 
media from each of the four sites. The plates were incubated at 30°C overnight and colonies were 
counted. There was no difference in CFUs between day one and day two (p<0.05).    



 

 

 

 

Figure 4:  Standard curves for bacterial growth in triclosan and chlorine media.  From each of the 
four sites, half of the bacteria were sourced upstream to the effluent and half were sourced downstream 
to the effluent. These bacteria were used in generating the standard curve. Sample bacteria were grown 
for two days at 30°C in 2X LB media, diluted 1:50, and then plated in triclosan or chlorine media. After 
24 hours, growth was measured by reading absorbance at 600nm. (a) The NOAEC and LOAEC of 
triclosan were determined to be 0.06 and 0.25 mg/mL, respectively. (b) The NOAEC and LOAEC of 
chlorine were determined to be 0.074 and 0.22 mg/mL, respectively (p<0.05).  



 

  

Figure 5:  Increased chlorine tolerance after triclosan exposure in environmental bacteria. (a)  
14.7% of the bacteria tested had increased chlorine tolerance after exposure to triclosan (n=1152). (b) 
17.2% of the bacteria collected upstream and 12.3% collected downstream from the effluent had 
increased chlorine tolerance after triclosan exposure (n=576). (c) There was no difference in bacterial 
capacity for increased chlorine tolerance between the four sites (n=288). 



 

Table 1: Physical parameters and of water collection sites. 

 
Site  Coordinates  Temp (oC) DO (%) DO (mg/L) pH 
Adams  42.6439, -73.1074 15.58  94.61  9.47  7.79 
Clinton 42.4300, -71.6792 17.91  93.47  8.97  7.40 
Middleboro 41.9096, -70.9167 19.47  89.54  8.25  7.50 
Rockland 42.1049, -70.8962 17.79  87.89  8.38  7.08 


