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			Abstract 

			Disinfectants, most notably Triclosan (TCS) and Triclocarban (TCC), are of increasing concern in wastewaters as a result of the realization of their potential threats to humans and aquatic ecology, in combination with their frequent detections in wastewater treatment plant (WWTP) effluents. These concerns are driven by the known limited removal capabilities of both TCS and TCC in conventional water and wastewater treatment processes, as well as their potential to form toxic intermediates. Given these concerns, results from a monitoring program are described associated with hospitals, funeral homes, slaughterhouses and residential neighborhoods. Specifically, when the contributions due to hospitals, funeral homes and slaughterhouses are compared to the total at the wastewater treatment influent, results show that hospitals account for <8.2% of the mass loading, indicating that health care centers are substantial point sources for TCS and TCC in wastewater treatment systems. but slaughterhouses and funeral homes contributed less than 0.1% and 0.6 % of the overall loading of disinfectants, indicating that household and other industrial uses are responsible for larger mass loadings.

			Combining the monitoring results with reported technical literature values show substantial variabilities from one source and location to another, indicating that no simple procedure will predict typical disinfectant levels in hospital wastewaters. However, by aggregating available technical data in combination the findings from this study, 95% UCL for average concentrations of 70,800ng/L for TCS and 197ng/L for TCC are demonstrated, providing insights as to magnitudes of the individual disinfectants.
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			Introduction

			Emerging contaminants such as disinfectants are being seriously evaluated, as researchers study their occurrence in the environment and their effects on living organisms.  In a search to find priority points-of-entry for disinfectants into the natural environment, researchers are being routinely led to municipal wastewater treatment plant outfalls. In particular, the two disinfectants assessed in this study, namely triclosan (TCS) and triclocarban (TCC), are widely used in consumer products.  These two disinfectants feature very similar chemistry (i.e., two benzene rings carrying multiple chlorines), and continue to be utilized at high volumes [1]. TCS and TCC have both been used since the 1970’s and have been widely detected in wastewater treatment plant effluents and surface waters [2,3]. TCS is a broad-spectrum antimicrobial agent contained in personal hygiene products, as well as in kitchen utensils, toys, textiles, socks and trash bags [4-6].  TCS has been used in hospitals and medical products to control bacteria and the spread of disease [7]. 

			Because of the widespread use of TCS, the chemical has been found in nearly every compartment of the environment including surface water, wastewater, sediment, sludge, human plasma and milk, urine, and fish [8]. TCS has also been detected in human body fluids. In a recent study, Han et al. [9] reported there was a 72% detection frequency of TCS in urine samples of U.S. residents for the period 2003–2012. TCS and TCC have been found in wastewater treatment influents around the world [10-21] although there have been few attempts to classify their sources. Once in the natural environment, these compounds interact with aquatic organisms and TCS and TCC have been observed to disrupt the natural hormone levels in bullfrogs and rats [22-24].

			U.S. EPA has regulated TCS as a registered pesticide under the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) while recently TCS was also banned by the Food and Drug Administration [1] which indicates that there are potential concerns. In September 2016, the USFDA issued in 2017, a rule indicating that over-the-counter consumer antiseptic wash products containing the antibacterial active ingredients TCS and TCC can no longer be marketed because they “are not generally recognized as safe and effective” [25]. TCS has also been banned from use in consumer sanitizing and cleansing products in Minnesota, effective January 2017 [26]. Following an evaluation of TCS by the Biocidal Products Committee of the European Chemicals Agency (ECHA), the European Commission (EC) decided in 2016 that TCS is not approved for use in human hygiene biocidal products [27,28].

			In Canada, TCS is listed as a restricted ingredient on Health Canada’s List of Prohibited and Restricted Ingredients in cosmetics (more commonly referred to as the Cosmetic Ingredient Hotlist). The restriction sets a maximum concentration of 0.03% of TCS in cosmetic mouthwashes and 0.3% in other cosmetic products [29,30]. The Canadian registrants voluntarily discontinued the sale of pest control products containing triclosan for use as a material preservative in textiles, leather, paper, plastic, and rubber materials. Consequently, as of December 31st, 2014, TCS is no longer registered in Canada as a pest control product.

			TCS has been placed on the list of the 10 most frequently detected organic micropollutants in the aquatic environment [31,32].  The above, in concert with the inability for substantial removal of TCS and TCC in conventional water and wastewater treatment processes, and given that they may form toxic intermediates [33], there is strong need to identify the magnitudes of different sources through monitoring programs to combat the rather extensive identification of presence of these disinfectants.  These products are, for the most part, lost down-the-drain, discharged into sewers and carried to wastewater treatment plants (WWTPs) [34].

			Hospital wastewaters

			Scientific Committee on Consumer Safety [35] reports that TCS has been effectively used clinically to eradicate micro-organisms such as methicillin-resistant Staphylococcus aureus (MRSA), notably with the recommendation to use 2% TCS bath. TCS is employed as surgical scrubs, and widely used in hand and body washing to eradicate MRSA prior to surgery. TCS is used in many medical devices, including ureteral stents, surgical sutures and might be considered to prevent graft infection. Occupational sources represent a potentially important exposure scenario because some, albeit not all, healthcare institutions commonly use TCS-containing antibacterial soaps and because frequent handwashing among healthcare workers in such environments (range 0.7-30 times per hour) is likely to facilitate TCS exposure [36]. Reported concentrations of TCS and TCC in hospital wastewater are presented in Table 1. 

			Table 1: Reported concentrations of TCS and TCC in hospital wastewaters.

			
				
					
					
					
					
					
				
				
					
							
							Triclosan in Hospital Wastewater

						
					

					
							
							Country

						
							
							Min ng/L

						
							
							Average ng/L

						
							
							Maximum ng/L

						
							
							Source

						
					

					
							
							USA

						
							
							-

						
							
							237,000

						
							
							-

						
							
							Jackson et al. [37]

						
					

					
							
							Norway

						
							
							200

						
							
							690

						
							
							2400

						
							
							Weigel et al. [38]

						
					

					
							
							Slovenia

						
							
							-

						
							
							122

						
							
							-

						
							
							Cuderman et al. [39]

						
					

					
							
							Greece

						
							
							
							<129

						
							
							
							Kosma et al. [30]

						
					

					
							
							Greece

						
							
							
							<44

						
							
							
							Orias et al. [40]

						
					

					
							
							Korea

						
							
							233

						
							
							351

						
							
							577

						
							
							Sim et al. [41]

						
					

					
							
							Spain

						
							
							
							ND

						
							
							
							Cruz Morató et al. [42]

						
					

					
							
							Taiwan

						
							
							13

						
							
							
							1887

						
							
							Yang et al. [24]

						
					

					
							
							Canada (Site-LUH1)

						
							
							
							9840

						
							
							124000

						
							
							Kleywegt et al. [43]

						
					

					
							
							Canada (Site-LUF2)

						
							
							
							22300

						
							
							33900

						
							
							Kleywegt et al. [43]

						
					

					
							
							Canada (Site-3 LTCF)

						
							
							
							8520

						
							
							204000

						
							
							Kleywegt et al. [43]

						
					

					
							
							USA (Hospital-1)

						
							
							
							26830

						
							
							
							Oliveira et al. [44]

						
					

					
							
							USA (Hospital-2)

						
							
							
							450

						
							
							
							Oliveira et al. [44]

						
					

					
							
							USA (Hospital-3)

						
							
							
							2340

						
							
							
							Oliveira et al. [44]

						
					

					
							
							USA (Hospital-4)

						
							
							
							340

						
							
							
							Oliveira et al. [44]

						
					

					
							
							USA (Hospital-5)

						
							
							
							240

						
							
							
							Oliveira et al. [44]

						
					

					
							
							USA (Hospital-6)

						
							
							
							1370

						
							
							
							Oliveira et al. [44]

						
					

					
							
							Turkey

						
							
							820000

						
							
							860000

						
							
							900000

						
							
							Guney et al. [45]

						
					

					
							
							Triclocarban in Hospital Wastewater

						
					

					
							
							Country

						
							
							Min ng/L

						
							
							Average ng/L

						
							
							Maximum ng/L

						
							
							Source

						
					

					
							
							USA (Hospital-1)

						
							
							
							190

						
							
							
							Oliveira et al. [44]

						
					

					
							
							USA (Hospital-2)

						
							
							
							110

						
							
							
							Oliveira et al. [44]

						
					

					
							
							USA (Hospital-3)

						
							
							
							30

						
							
							
							Oliveira et al. [44]

						
					

					
							
							USA (Hospital-5)

						
							
							
							280

						
							
							
							Oliveira et al. [44]

						
					

					
							
							USA (Hospital-6)

						
							
							
							30

						
							
							
							Oliveira et al. [44]

						
					

				
			

			Kleywegt et al. [43] estimated the percent contribution of TCS from hospitals to total loading of grams/day to the receiving WWTP as 5.9%. Ort et al. [38] estimated the percentages of TCS from hospitals to the WWTP as 6%.

			Wastewater from funeral Homes 

			In funeral homes, TCS is used as a skin cleaner, preservative of the skin of dead bodies [46] and as an embalming fluid [47,48].  No sources of information for these statements have been identified by the authors, related to funeral homes.

			Slaughterhouse wastewater

			No direct information has been found in the literature on slaughterhouses; however, as reported in EU Biocide Directive 1998/8/EC, TCS is used in veterinary hygiene and food preservation.  Antibiotics, including TCS, are routinely added to animal feed to accelerate growth and to combat diseases in overcrowded factory farm conditions. TCS has been used as preservative in feed for animals. TCS is noted in the framework of the European regulations on biocides for use in veterinary hygiene biocidal products. According to Regulation (EC) 1831/2003 on additives for use in animal nutrition, the use of TCS as preservative in feed is not authorised. The substance is not listed in the corresponding Community Register of Feed Additives [49]; passing of this regulation by the EC confirms that TCS was used in some European countries. Therefore, TCS is likely present in animal bodies i.e. flesh and liquid (blood and urine) which are brought to slaughterhouses.

			Point-source monitoring program 

			This research investigated sources of TCS and TCC into the sewer system, to provide insights into the magnitudes of these emerging contaminants. Three different municipalities were involved in the monitoring efforts and will be referred to as cities A, B, and C. Table 2 presents TCS and TCC physical and chemical properties

			Table 2: Physical and Chemical Properties of TCS and TCC.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Compound

						
							
							Molecular Weight (g/mol)

						
							
							Acidity Constant (pKa)

						
							
							Octanol-water Partition Coefficient (logkow)

						
							
							Liposome-Water Distribution Ratio at pH 7 (log Dlipw)

						
							
							Sorption Coefficient

							dD

							(L/gss)

						
							
							Water Solubility (mg/L at 25 °C)

						
							
							Structure

						
					

					
							
							Personal Care

						
							
							
							
							
							
							
							
					

					
							
							Triclosan

						
							
							289.5

						
							
							7.9

						
							
							4.8

						
							
							-

						
							
							-

						
							
							2-5
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							Triclocarban

						
							
							315.6

						
							
							12.7

						
							
							4.3

						
							
							-

						
							
							-

						
							
							0.6-1.5
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			Methods 

			Sampling

			Sampling locations were selected to best characterize the sources as follows: sites for monitoring hospitals and residential neighborhoods were chosen as locations with high disinfectant and consumer product use and therefore potential sources of TCS and TCC into the wastewater network. Funeral homes and slaughterhouses were chosen as possible entry points due to the use of TCS and TCC and sterilization solutions in the embalming and meat processing methods. Most of the samples were 24-hour composites obtained using an auto-sampler; where this was not possible, such as for the funeral homes, grab samples were used. Samples were taken every two months for four sampling events per location.

			Sample locations

			Samples were taken from manholes directly downstream of hospitals, funeral homes, residential neighborhoods and a slaughterhouse by municipal staff for the three cities. Due to the batch process of embalming a body, grab samples were used for both funeral homes and coordinated with the funeral home staff to ensure that the sample was taken during a time when there was an embalming occurring. At each location, three liters of sample was collected and split into two amber glass bottles and one HDPE bottle before they were stored at 4 °C until analysis. Analytical work was completed at the Worsfold Water Quality Centre at Trent University. The following table outlines the sampling locations within each city.

			Analysis

			The samples were filtered, acidified, and then extracted using Waters Oasis MCX solid phase extraction cartridges. The extracts were subsequently preconditioned with acetone, methanol, and dilute sulphuric acid before being eluted from the cartridge with ammonium hydroxide in methanol. They were then evaporated to almost dryness and reconstituted in methanol. The target compounds were analyzed by Micromass Quattro LC triple-quadrupole mass spectrometer. The target compounds were analyzed in positive ion mode. Multiple reaction monitoring (MRM) was employed for analyte quantisation.  Chromatographic separation was conducted on a Waters model 2695 HPLC system with a Genesis C18 column (150×2.1mm i.d., 4µm). The mobile phase A and B consisted of acetonitrile and aqueous ammonium acetate. Prior to extraction, samples were spiked with stable isotope labeled standards. Concentrations of the analytes in the sample were determined by comparing the relative ratio of the response of the target analyte to the response of the labeled standard with external standards. The methodology for TCS and TCC is an adaptation of a procedure from Sabourin et al. [50] and can be found in more detail therein. For Quality Analysis and Quality Control, a laboratory blank for each sample batch and at least one real sample duplicate from each sample set from the same sampling location was conducted. Also, surrogate standards were added into each sample to monitor and correct for any potential loss during the sample analysis.
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							Figure 1: Triclosan Concentration at Different Sample Locations.

						
					

				
			

			Results

			At each sampling location, the concentrations of TCS and TCC were quantified. TCS was detected in all the samples from funeral homes B and C, hospitals A and C, residential areas A and B and slaughterhouse-C. In Hospital-B TCS was found 80% of the time. In all the samples of influent-A, Influent-B, influent-C (i.e. to WWTPs), TCS was detected in all the samples. TCC was detected in 60% and 70% of samples from funeral homes B and C. In hospitals A, B and C, TCC was detected in 80%, 60% and 40% of the samples, respectively.  In both the residential areas, TCC was detected in all the samples. In slaughterhouse C, TCC was detected in 40% of samples. Figure 1 and 2 show the concentrations of each compound at the various source locations.

			Discussion

			Source concentrations

			The source sampling of TCS as seen in Figure 1 shows high concentrations in the wastewater streams of hospital B and funeral home B. Since a composite sample of funeral home B was not feasible and a grab sample was used, the concentration of 77,500ng/L may not be indicative of an average funeral home concentration.  This large spike is likely due to the embalming and disinfecting batch processes used when preparing a body for burial rather than a baseline effluent concentration for the funeral home itself. The mean concentrations of TCS in funeral homes B and C were 42,055 and 497ng/L respectively while in hospitals A, B and C were 615, 36600 and 1410ng/L respectively. In residential areas A and B the mean concentrations of TCS were 2170 and 4580ng/L respectively while in slaughterhouse-C the mean concentration was 1450ng/L. Hospital B also exhibits a high TCS effluent concentration although the large error bars highlight the variability of the data. Since hospital B was sampled with a 24h auto-sampler over many months, the results are unlikely due to a small number of events but rather the continual, but inconsistent use of TCS for tasks such as hand washing and equipment disinfecting.
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							Figure 2: Triclocarban Concentration at Different Sample Locations.

						
					

				
			

			Figure 2 outlines the source concentrations of TCC at various locations. Residential areas A and B had higher levels of TCC than all other sources while hospital A had the lowest levels. Hospital B had the highest levels of the three hospitals sampled and had the greatest variability. The source sampling of TCC show high concentrations in the wastewater streams of residential area-B and hospital-B being 475ng/L and 223ng/L respectively. The mean concentrations of TCC in funeral homes B and C were 53 and 47ng/L respectively while in hospitals A, B and C were 30, 54 and 21ng/L respectively. In the residential areas A and B, the mean concentrations of TCC were 111 and 137ng/L respectively while in slaughterhouse-C the average concentrations were 40ng/L. The variability of the data suggests that each class of potential source, for all the identified source types (residential, funeral homes, residential and hospital), all are notable contributors to the overall loading of TCS and TCC in municipal wastewaters. Overall, there were no obvious identified point source characteristics for any of the source types; the results show no one sample location type contributes more contaminant per litre than the others.
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							Figure 3: Comparison of Average Triclosan Concentrations in wastewater from different sources.
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							Figure 4: Comparison of Average Triclocarban Concentrations in wastewater from different sources

						
					

				
			

			Figure 3 and 4 show the average concentrations of TCS and TCC from the different sources. Average TCS concentrations are higher in funeral home-B and hospital-B while the average TCC concentrations are higher in the residential areas. Funeral homes and a slaughterhouse were included in this study to investigate their potential as a source of emerging contaminants into the wastewater treatment system but when not in the process of embalming a body, funeral home wastewaters resemble a residential dwelling; due to this, the results obtained from the funeral homes are not considered indicative of average effluent concentrations over long periods of time but rather ‘snapshots’ of the loadings when funeral homes are operational.  TCS was the only compound found at a funeral home in greater concentrations than the rest of the sample locations though this was expected as TCS is a component of many disinfectant and antibacterial washes which are likely used in the embalming process. To allow statistical characterization of magnitudes of TCS and TCC, the monitoring results of this study in relation to hospital wastewater from various authors for the both disinfectants are plotted as shown in Figure 5 and 6 for TCS and for TCC. Given the above, the results indicate that hospitals, funeral homes and slaughterhouses are not individually, significant sources of disinfectants to the wastewater system. The current trend involving considerable use of disinfectants at residential places is contributing more to the wastewater system.  
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							Figure 5: Comparison of Average Triclosan Concentrations in Hospital Wastewaters.
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							Figure 6: Comparison of Average Triclocarban Concentrations in Hospital Wastewaters.

						
					

				
			

			Analysis of contaminant loading percentages of triclosan and triclocarban from hospitals, funeral homes, and slaughterhouse to wastewater treatment plants

			By estimating the total loading of each compound within hospital effluents, it is possible to assess the percentage that originates from the hospitals in this study. Using an average wastewater per hospital bed value of 1350L/bed/day [51], the hospital loadings were calculated and compared to loading levels at the WWTP influents. City-B treats an average of 293ML of wastewater daily while city-C treats an average of 49.4 million liters of wastewater daily. The population of city-B is 712,575 and city-C is 140,410 and deaths were 5.2 people per 1000 people in 2009 as per StatsCan (2017). Table 3 from NFDA, 1995 study provides an average flow rate of 2400 liter for one death so for the funeral home-B, 25000 liters of daily outflow was assumed while for funeral home-C an amount of 5000 liter of daily outflow was assumed based on the populations of these cities. The slaughterhouse has reported that the outflow is ~52,250 liters per day [52].

			Table 3: Summary of Sampling Locations.

			
				
					
					
				
				
					
							
							City

						
							
							Sampling location

						
					

					
							
							A

						
							
							Residential Area (800,000 inhabitants), Hospital (250 beds)

						
					

					
							
							B

						
							
							Two Residential Areas (712,575 inhabitants), Hospital (1200 beds), Funeral Home, Treatment Plant Influent (Inflow (293 ML/day)

						
					

					
							
							C

						
							
							Hospital (250 beds), Funeral Home, Slaughterhouse, Treatment Plant Influent (Inflow (87.5 ML/day)

						
					

				
			

			Table 4: Various Source Loadings and Percentages.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Analyte

						
							
							Sources Effluent City-B

						
							
							WWTP B Influent

						
							
							Percent from Source, City B

						
							
							Sources Effluent City-C

						
							
							WWTP C Influent

						
							
							Percent from Source, City C

						
					

					
							
							
							g/day

						
							
							g/day

						
							
							%

						
							
							g/day

						
							
							g/day

						
							
							%

						
					

					
							
							Source: Hospital

						
							
							
							
							
							
							
					

					
							
							Triclocarban

						
							
							0.09

						
							
							14.08

						
							
							0.62%

						
							
							0.007

						
							
							5.60

						
							
							0.13%

						
					

					
							
							Triclosan

						
							
							14.00

						
							
							185.03

						
							
							7.57%

						
							
							0.338

						
							
							56.41

						
							
							0.60%

						
					

					
							
							Total

						
							
							14.09

						
							
							199.11

						
							
							8.19%

						
							
							0.34

						
							
							62.01

						
							
							0.72%

						
					

					
							
							Source: Funeral Home

						
							
							
							
							
							
							
					

					
							
							Triclocarban

						
							
							0.001

						
							
							14.08

						
							
							0.009%

						
							
							0.0002

						
							
							5.60

						
							
							0.004%

						
					

					
							
							Triclosan

						
							
							1.05

						
							
							185.03

						
							
							0.57%

						
							
							0.002

						
							
							56.41

						
							
							0.004%

						
					

					
							
							Total

						
							
							1.05

						
							
							199.11

						
							
							0.58%

						
							
							0.003

						
							
							62.01

						
							
							0.009%

						
					

					
							
							Source: Slaughterhouse

						
							
							
							
							
							
							
					

					
							
							Triclocarban

						
							
							-

						
							
							-

						
							
							-

						
							
							0.0021

						
							
							5.60

						
							
							0.04%

						
					

					
							
							Triclosan

						
							
							
							
							
							0.02

						
							
							56.41

						
							
							0.04%

						
					

					
							
							Total

						
							
							-

						
							
							-

						
							
							-

						
							
							0.03

						
							
							62.01

						
							
							0.08%

						
					

				
			

			As seen in Table 4, contaminant loadings from hospitals are responsible for only small percentages of the overall loading at the wastewater treatment plant influent. Hospital -B contributed less than 8.2% of the overall loading of selected disinfectants and hospital-C contributed less than 0.72% of the overall loading of selected disinfectants. Slaughterhouse-C, funeral home-B and funeral home-C contributed less than 0.1%, 0.6% and 0.01 % of the overall loading of the selected disinfectants. To allow a characterization of reasonable maximum average concentrations for hospitals, as derived from combined information from technical literature and this study, the concentration data assembled from the literature review plus the average concentrations from this study were combined to estimate the 95% upper confidence interval concentrations of the means for the various disinfectants. The statistical software developed by USEPA for environmental applications for data sets with, and without, non-detect called ProUCL was utilized.  The ProUCL software is based upon the philosophy that rigorous statistical methods can be used to compute accurate estimates of population parameters and decision-making statistics including: the upper confidence limit (UCL) of the mean, the upper tolerance limit (UTL), and the upper prediction limit (UPL) to help decision-makers and project teams in making correct decisions. Version 5.0.00 of this software was used.

			It was hypothesized that some of the concentrations of TCS percentages of loads for some of the chemical compounds are very high because of the outliers in the data. USEPA ProUCL Ver 4.1 was used where the Dixon test was used to test for a single outlier in a univariate data set since the number of samples were around 5 [53]. This test is primarily used for small data sets (Data plot limits the sample to be between 3 and 30). It can be used to test whether the minimum value is an outlier, the maximum value is an outlier, or either the minimum or maximum value is an outlier. The following outliers were identified: concentration of 860,000ng/L of TCS was identified as an outlier, and hence removed from the data. The upper confidence limits (UCL) for the means were completed by using the appropriate distributions are listed in Table 5.

			Table 5: 95% UCL for Each of TCC and TCS for Hospitals.

			
				
					
					
					
				
				
					
							
							Analyte

						
							
							Recommendation for Use by Pro UCL

						
							
							Concentration at Upper 95% Confidence Interval ng/L

						
					

					
							
							Triclocarban

						
							
							Used 95% Approximate Gamma UCL

						
							
							197

						
					

					
							
							Triclosan

						
							
							Used 95% Chebyshev (Mean, Sd) UCL

						
							
							70800

						
					

				
			

			Conclusion 

			Through monitoring the wastewater effluents of hospitals, funeral homes, residential neighborhoods and a slaughterhouse for disinfectants, the sources of emerging contaminants into the wastewater system were characterized [54-65]. It was found that all location types within this study contributed to the overall loading of disinfectants in wastewater. The mean concentrations of TCS in funeral homes B and C were 42055 and 497ng/L respectively, while in hospitals-A, -B and -C were 615, 36600 and 1410ng/L respectively. The mean concentrations of TCC in funeral homes B and C were 53 and 47ng/L respectively while in hospitals-A, -B and -C were 30, 54 and 21ng/L respectively. In the residential areas-A and -B, the mean concentrations of TCC were 111 and 137ng/L respectively while in slaughterhouse-C, the average concentrations were 40ng/L.

			When the contribution due to hospitals was compared to the total at the wastewater treatment influent, it was calculated that hospitals account for <8.2% of the mass loading, indicating that health care centers are significant point sources for disinfectants into the wastewater treatment system, while slaughterhouses and funeral homes contributed less than 0.1% and 0.6 % of the overall loading of TCC and TCS. Comparisons of the monitoring results from the technical literature and this study demonstrate substantial variability, indicating that no simple procedure will predict typical disinfectant levels in hospital wastewaters. By aggregating available technical literature, and in combination with the findings from this study, 95% UCL for average concentration of 197ng/L for TCC and 70800ng/L for TCS were determined for providing insights as to magnitudes of the individual disinfectant.
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