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In the last decade emerging contaminants research has intensified in a bid to answer 

questions about fate, transport, and effects as these chemicals as they get released into the 

environment. The chemicals of interest were the antimicrobials; triclocarban (TCC) and triclosan 

(TCS), and a metabolite of triclosan, methyl triclosan (MTCS). This research was designed to 

answer the question: what is the fate of these chemicals once they are released from the waste 

water treatment plant into receiving streams. 

 Three different assessment methods; field monitoring, in-situ experiments, and 

laboratory studies were used to answer the overall question. TCS, TCC, and MTCS levels were 

measured in surface water, sediment and the Asiatic clam Corbicula fluminea. Field studies were 

conducted using four sites at Pecan Creek, Denton TX. 

Levels of all three chemicals in clams were up to fives orders of magnitude the water 

concentrations but an order of magnitude lower than in sediment. Highest sediment levels of 

chemicals were measured in samples from the mouth of Pecan Creek (highest organic matter). 

TCC was the most and TCS was the least accumulated chemicals. In-situ and lab studies both 

indicated that uptake of these chemicals into the clams was very rapid and measurable within 

24hours of exposure. The after clams were transferred into clean water most of the compounds 

were depurated within 14 days. 
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CHAPTER 1 

 INTRODUCTION 

           Antimicrobial uses in non-medical settings have increased in the past decades because of 

the advertised additional benefits to be gained in using these compounds.  According to the 

United States Environmental Protection Agency (USEPA), over $1 billion is currently spent on 

over the counter (OTC) antimicrobial chemicals (USEPA 2009). Studies on the extra benefits 

gained from using these chemicals, however, have demonstrated that there were no significant 

differences in using soap and water versus using antimicrobial products (Levy 2001). There is a 

growing concern that over-use of these chemicals could lead to antimicrobial resistance, 

accumulation and unintended effects especially in aquatic invertebrates, and plants (Levy 2001, 

SCCP 2005, Aiello et al. 2007, and USEPA 2009). These antimicrobials (are used everywhere) 

together with their degradation products have been found extensively in aquatic and terrestrial 

ecosystems, in tissues of invertebrates and vertebrates, human breast milk and urine (Kolpin et 

al. 2002, Coogan et al. 2007, Calafat 2008, Kinney et al. 2008, Chalew & Halden 2009, Stevens 

et al. 2009).  

          Although, detection alone is not enough cause for concern, increasingly studies conducted 

on these chemicals and their metabolites indicate that there is the likelihood of causing harm 

especially to aquatic plants and invertebrates (USEPA 2008). The European Union (EU) and 

Canada have put restrictions on use of antimicrobials and in the US both government agencies 

(Food and Drug Administration (FDA) and USEPA) that regulate antimicrobial use have 

scheduled early reviews to look at triclosan (TCS ) and triclocarban (TCC); two of the most used 

antimicrobials in the country (SCCP 2009, FDA 2010, Health Canada 2010).  The USEPA in its 
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2009 risk based prioritization document lists triclocarban, and calls for industry involvement 

giving the following reason: 

In order to confirm or refute the high suggested concern for potential risk to aquatic 

organisms currently based on release and exposure assumptions and on limited data 

indicating the presence of this chemical in the environment. 

          In April of 2010, congressman and Massachusetts democrat Edward Markey called for 

strict limits on the use of triclosan in soaps and hand-washes, products intended for use by 

children, and products intended to come into contact with food. On July 27, 2010, the National 

Resource Defense Council (NRDC) filed a lawsuit against the FDA for failure to take action; 

after 32 years of proposing to regulate triclosan and triclocarban under a draft regulation, it has 

still not made a final decision on the safety or effectiveness of these antimicrobials and not 

provided specific regulations for using these chemicals (NRDC 2010a, NRDC 2010b). 

 These chemicals have not been thoroughly reviewed because they have been assumed to 

be safe. The general consensus from regulatory bodies, industry, and some researchers is that 

they do not pose a significant risk to human health and therefore they are assumed to be safe for 

the environment. However, current risk assessments are based on incomplete data especially for 

triclocarban, and although, these assumptions might be true for humans and fish that might not 

be the case for the whole environment. Triclosan for instance, is known to negatively impact 

invertebrates and aquatic plants (USEPA 2009) and most of these antimicrobials and their 

metabolites end up in aquatic ecosystem posing risks to these organisms.  

The USEPA is currently calling on industries to voluntarily provide information to the 

agency, to help bridge the data gap and also for more research on these antimicrobials (USEPA 

2009). The United States Geological Survey (USGS) in collaboration with USEPA is dedicating 
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a lot of effort on the Emerging Contaminants Project under its Toxic Substance Hydrologic 

Program (USGS 2010). The focus is on various research areas mainly: analytical method 

development, environment occurrence, sources and source pathways, transport and fate, and 

ecological effects. The stated goal is to provide substantial data on these compounds for 

evaluation of their potential threat to environmental and human health. 

         The overall goal of this dissertation was to look at the occurrence, partitioning behavior and 

fate of triclosan, methyl triclosan (a metabolite of triclosan), and triclocarban in aquatic 

ecosystems. To achieve this goal, the concentrations of MTCS, TCS, and TCC were determined 

in aqueous, sediment, and biota [Corbicula fluminea (Müller 1774)].Samples used were from the 

field, organisms exposed in the field (in situ), and laboratory exposure studies. 

The objectives were as follows: 

1. Characterize the sediment from Pecan Creek and Clear Creek, a reference site from 

which sediment and C. fluminea were collected for laboratory studies and quality control 

(QC) samples. 

2. Determine the concentrations of these three chemicals in environmental samples from 

Pecan Creek, a waste water receiving stream in Denton. 

3. Determine uptake and depuration rates of these compounds under field conditions by 

using ‘clean’ clams (from a reference site with very low methyl triclosan (MTCS), TCS, 

and TCC levels) under in situ conditions. 

4. Determine uptake rates in sediment and C. fluminea and depuration rates in C. fluminea 

exposed to environmentally relevant concentrations of triclosan and triclocarban. 

5. Examine the sediment–water partitioning behavior when triclocarban and triclosan are 

introduced in the overlying water (the most common exposure route). 
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6. Compare multi-year water concentration data from the same sites at Pecan Creek.  

 

The rest of the dissertation is divided up as follows: 

• Chapter 2: Background information on all the different studies conducted 

o Pharmaceutical and personal care products (PPCPs) 

 Antimicrobials 

• TCC and TCS: Chemical characteristics of TCC, TCS and MTCS, 

regulation, uses, environmental concentrations, effects on and 

bioaccumulation in aquatic organisms advances in antimicrobial 

research and gaps in data/ research. 

o Bioaccumulation and bioconcentration 

 General use of terms 

 USEPA and EU designations 

o Corbicula fluminea 

 Uses and classification  

 Habitat and habits (eating & reproduction) 

o Description of sampling sites 

 Pecan Creek 

 Clear Creek 

• Chapter 3 covers the data on sediment classification at Pecan Creek and Clear Creek, 

basic information on C. fluminea and quality control (QC) data. 

• Chapter 4: Levels of MTCS, TCS, and TCC in field collected samples (water, sediment, 

and clams) from four sites at Pecan Creek. 
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• Chapter 5: Multi-year data on aqueous MTCS, TCS and TCC concentrations from four 

sites at Pecan Creek and an in situ study comparing concentrations of MTCS, TCS, and 

TCC in ‘clean’ clams from Clear Creek exposed for 28 days at the outfall and depurated 

for 14 days at an upstream site of Pecan Creek. 

• Chapter 6: Static renewable laboratory study on clams exposed to environmentally 

relevant concentrations of TCS and TCC and sediment –water laboratory partitioning 

study: a partitioning test looking at levels of TCC and TCS in water and sediment 

mimicking a situation in which there is a pulse exposure of these chemicals from the 

aqueous compartment. 

• Chapter 7: Overall discussions and conclusions 
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CHAPTER 2  
 

BACKGROUND 
 

         Pharmaceuticals and personal care products (PPCPs) are currently receiving a lot of 

attention especially because of the cosmopolitan use and likelihood of their discharge into the 

aquatic environments (Lindstrom et al. 2002, Balmer et al. 2004, Hiedler & Halden 2007). 

PPCPs refer, in general, to any product used by individuals for personal health or cosmetic 

reasons or used by agribusiness to enhance growth or health of livestock. According to the 

United States Environmental Protection Agency (USEPA), PPCPs consist of thousands of 

chemical substances, including prescription and over the counter therapeutic drugs, veterinary 

drugs, fragrances, and cosmetics (USEPA 2010).  

         Although these compounds have long been used and released into the environment, they 

are only now being seriously studied. In 1981, Miyazaki and his colleagues, during routine 

monitoring of organochloride compounds in fish and shell fish samples from Tama River and 

Tokyo Bay in Japan, identified an unknown peak on a gas chromatogram of the freshwater fish, 

Carassius carassius (Miyazaki 1984). They had been monitoring these chemicals in fish at these 

locations since 1975 and this was the first time of seeing this peak; they extracted this unknown 

compound and later identified it as a methyl derivative of triclosan (methyl triclosan). Boehmer 

et al. (2004) looked at archived fish (Abramis brama) samples from 1994- 2003 from the 

German Environmental Specimen Bank, and detected triclosan and methyl triclosan in pooled 

muscle samples. Their data indicates that methyl triclosan levels increased from 10 ng/g in the 

mid 1990s to 14-26 ng/g after the year 2000 in three different rivers, although triclosan levels did 

not follow a similar trend.   

         Improved capabilities to measure these compounds in the environment and biota has led to 



8 

a marked increase in research interest in source, fate, transport, and possible effects these 

compounds might have on humans, other organisms and ecosystems at environmentally relevant 

concentrations. Unlike pesticides and other traditional compounds, these emerging contaminants 

are usually released at low concentrations into the environment and unlikely to result in the death 

of organisms. With continual infusion into the aquatic environment, the otherwise low 

persistence of PPCPs, can display similar exposure potential as that of persistent pollutants as 

their transformation /removal rates can be compensated for by their replacement rates (Daughton 

and Ternes 1999).  Pseudopersistence, continual exposure to low concentrations of these 

antimicrobials, raises a lot of concerns: 

a) Are these chemicals accumulating in exposed biota?  

b) Are these antimicrobials biomagnifying? 

c)  Are there any substantial effects?  

d) Where do these chemicals end up once released into the environment  

e) Are they causing increased antimicrobial resistance? 

     

 Emerging Contaminants 
 
          PPCPs, also known as emerging contaminants, are a diverse groups of compounds for 

human and veterinary uses, including not just prescription drugs and biologics, but also 

diagnostic agents, nutraceuticals, fragrances, sun-screen agents, and numerous others (Daughton 

and Ternes 1999, Kolpin 2003).  The first P in PPCP stands for pharmaceuticals and these have 

been increasingly reported in wastewater influent, effluent, and river systems all around the 

world. In Kolpin et al.’s (2002) survey the two most detected compounds were coprostanol and 

cholesterol. Boyd et al. (2004) took samples from two canals, Bayou St. John, Lake Ponchartrain 
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and Mississippi River; two of the four most detected compounds were naproxen (1.64- 145 

ng/L), ibuprofen (674 ng/L), the other two were triclosan (up to 29 ng/L) and bisphenol A (1.9 -

158 ng/L). Vieno et al. (2007), in Finland looked at eight pharmaceuticals that fall under three 

groups: β-blockers, antiepileptic, and antibiotic drugs. They concluded that with the exception of 

carbamazepine, concentrations of these compounds in raw sewage (100-1060 ng/L) from 12 

treatments plants were higher than that in treated sewage (<24 -755 ng/L). These findings have 

been supported by data from other studies from different countries and US (Bester et al. 2005, 

Waltman et al. 2006).   

           Antimicrobials are a subgroup of PPCPs. The vast increase in their production and usage 

has led to their prevalence relative to other PPCPs in the environment, and accumulation in 

different organisms ranging from algae to human milk. Whereas available data from the Food 

and Drug Administration (FDA) and USEPA, indicate that antimicrobials are not likely to pose 

serious risk either from direct or indirect use, these agencies also acknowledge there is some 

potential for these antimicrobials to cause human health and environmental problems and that 

there is a need for more current review in light of new data generated in the last 10 years 

(USEPA 2010, FDA 2010). About 5000 products fall under the antimicrobial categorization and 

these cover 275 different active ingredients (USEPA 2009). Their main function is to suppress or 

destroy growth of harmful microorganisms and usually target bacteria, viruses, fungi, inanimate 

objects and surfaces. 

 

Regulation of Antimicrobials: Triclosan and Triclocarban  

       
          Regulation of antimicrobials falls under the jurisdiction of both the FDA and the USEPA 

(USEPA 2010). If an antimicrobial is used on humans or has human related uses it comes under 



10 

FDA; if it is used as a pesticide then it is regulated by the USEPA. Two of the most common 

antimicrobials used worldwide are triclosan and triclocarban. Triclosan was introduced in the US 

in 1964 and registered as a pesticide in 1969, it is predominantly found in personal care products 

(PCPs) mostly in liquid soaps (Halden & Paull 2004, USEPA 2009). It is regulated by the FDA 

for human uses in over the counter drugs and also regulated by the USEPA as a pesticide with 

antimicrobial and preservative uses. On the other hand, triclocarban is only regulated by the 

FDA, and only used in PCPs, mostly in bar soaps. Current data on use and production is tracked 

using a voluntary USEPA program; the High Volume Production (HPV) Challenge (TCC 

Consortium 2002). This is an industry-sponsored voluntary reporting program that the USEPA 

uses for any chemical produced or imported into the US in large quantities close to 500,000 Kg 

or more per year. The aim of the HPV challenge is to bridge the huge gap in both production and 

use data by making health and environmental data available to the public. USEPA also uses these 

data in their risk assessment models.  

          It is also worth noting that, although United States Geological Survey (USGS) has no 

regulatory oversight over emerging contaminants, they have made significant contributions to 

our understanding of these emerging contaminants and their release into the environment under 

the Emerging Contaminants Project. The Emerging Contaminants Project is part of the toxic 

substances hydrology program of the USGS; a program that supports the USGS mission to assess 

the quantity and quality of the nation’s water resources. Perhaps the most important of these is 

the study published by Kolpin et al. 2002; a nationwide survey of organic waste contaminants 

(emerging contaminants) conducted in 30 US states. Kolpin and colleagues analyzed water 

samples from 139 streams, measuring 95 different chemicals. The major finding from this study 

indicated a prevalence of these emerging contaminants from multiple sources, every stream 
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sampled had at least one contaminant and 75% of the streams sampled had more than one 

chemical present at concentrations less than 1 part per billion (ppb). USGS continues to partner 

with USEPA in other areas of research including development of monitoring and detection tools, 

and looking at sources, fate, transport, and exposure pathways in humans and ecosystems and 

assessment of potential effects (Kolpin et al. 2004, USEPA 2010). 

           PPCPs have global usage and previous data indicates that these antimicrobials, especially 

triclosan posed no serious risk to human health. However, more recent data indicate impacts to 

other organisms, accumulation of triclosan in human breast milk and plasma, and the potential to 

cause antimicrobial resistance (USEPA 2008).  A screening level risk characterization conducted 

by USEPA also led to the conclusion that the potential risk of triclocarban to aquatic organisms 

from environmental releases is high (USEPA 2009). These newer results call for a more 

thorough review. The FDA is conducting a comprehensive review on triclosan and triclocarban 

and intends to release its finding in the spring of 2011 (FDA 2010). The USEPA is also planning 

on an early review on triclosan in 2013 (10years earlier than initially planned) and has initiated 

several multi-agency research activities to address some of the concerns raised by data from 

more recent studies (USEPA 2008).  

          While the review is pending, registrants that incorporated triclosan in their paints in the 

US, have voluntarily cancelled their applications for re-registration, and Canada requires the 

labeling on toothpaste to read “not to be used by children less than 12 years old” (USEPA 2008, 

Health Canada 2008).  The American Medical Association (AMA) has also called for a faster 

FDA ruling on triclosan use because its harmful effects seem to outweigh its intended benefits 

(AMA 2010). The AMA is of the view that triclosan use should be confined to hospitals and 
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other situations in which they are needed. In April of 2010 congressman and Massachusetts 

democrat Edward Markey, called for strict limits on the use of triclosan: 

 I call upon the federal government to ban the use of triclosan in consumer soaps and 

hand-washes, products intended for use by children, and products intended to come into 

contact with food. In addition, I will soon introduce legislation to speed up the 

government's efforts to evaluate and regulate other substances that may pose similar 

public health concerns (Markey 2010). 

          The Soap and Detergent Association (SDA), now American Cleaning Institute maintains 

that several years’ worth of research showcases triclosan as being environmentally safe, as 90-

98% of triclosan is typically removed by wastewater treatment plants (SDA 2009). They argue 

that “the microscopic amounts that have been detected in humans, amphibians or insects have 

not been shown to cause any adverse effects.” 

   

Uses: Triclosan and Triclocarban 

  
           Daughton and Ternes (1999), state that the quantity of emerging contaminants in the 

environment is on par with that of agrochemicals. Halden and Paull (2004), TCC Consortium 

(2002), Miller et al. (2009), each estimate that over 227,000 Kg each of the antimicrobials 

triclocarban and triclosan are released into waste water every year in the US alone. According to 

the Scientific Commission on Consumer Products (SCCP) of the European Commission, about 

450 metric tons of triclosan is used yearly in the EU and of this amount 85% is found in personal 

care products at concentrations of up to 0.3% (SCCP 2009). China and India are now major 

producers of antimicrobials; most of the imports in the US are from India. Whereas some 

European countries have tightened some of the regulations on use, there continues to be a growth 
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in production of antimicrobials world-wide. Based on assessment of available toxicological data 

on triclosan, SCCP (2009) came to the conclusion that although common uses at the current 

recommended maximum limit of 0.3% is safe for humans, aggregate use in all cosmetics or any 

leave-on type of application might not be safe. The SCCP (2005) also raised concerns on the 

effect of triclocarban on the environment, although the committee thought that it was safe to use 

for humans at the current maximum concentration of 1.5% of total volume of cosmetic. 

          TCS has several common names among them; Microban®, Irgasan®, Biofresh®.  USEPA 

regulated uses come under three main categories: 

a) Commercial, institutional, industrial premises and equipment 

• Conveyor belts, ice making equipment, fire hoses, dye bath vats, etc 

b) Residential and public premises 

• Mattresses, brooms, shower curtains, tents, plastics, garbage cans, urinary, etc  

c) Material preservative 

• Textiles, fabrics, vinyl, plastics, floor wax emulsifiers, adhesives, etc 

FDA regulates use of TCS and TCC (some common names are Genoface, Solubacter and 

Cutisan) in personal care products: 

• Toothpaste, facial creams, soaps, laundry detergent, fabric softener antiseptics for 

wound care, facial tissues, medical devices etc. 

 
 

Sources of Antimicrobials in the Environment  
 
          PPCPs and their metabolites are continually discharged into the environment as industrial 

and domestic sewage effluents (Daughton & Ternes 1999, Singer 2002, Peng et al. 2008). 

Although, levels discharged from sewage treatment plants are generally low, organisms in 
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receiving waters are continuously exposed to these contaminants, hence the term 

pseudopersistence. Mackay et al. (2001), state that about 96% of consumer products containing 

the antimicrobial triclosan end up moving down the drain and into municipal waste water 

treatment plants (WWTPs). Major sources of TCS and TCC in the environment are through 

disposal down the drain into waste water either from residential or non-residential sources. From 

there these compounds move into waste water treatment plants (WWTPs) then the effluent water 

goes into receiving streams or goes to gray water uses e.g. irrigation, wetlands etc, and the sludge 

from WWTPs can either be applied on land for various uses or  disposed of in a landfill. 

           It has been hypothesized that methyl triclosan is formed during the waste treatment 

process; probably due to microbial methylation (Balmer et al. 2004, Boehmer et al. 2004, Lieker 

et al. 2009) the conversion mechanism is, however, not well understood. Estimated 

concentrations of methyl triclosan in WWTP receiving streams were up to 1-10% of triclosan 

levels in the above mentioned studies. Balmer et al. (2004), because of the difficulty in 

measuring methyl triclosan levels in water, used semi permeable membrane devices (SPMDs) to 

estimate the aqueous concentration by back calculating it and using SPMDs as surrogates for 

biological material; they were able to detect concentrations as low as 0.02 ng/L in Lake Jörisee, 

Switzerland. Whereas triclosan is unstable under environmental conditions with an aqueous 

photolytic half life of 41 minutes (USEPA 2008), methyl triclosan is very stable and is known 

not to dissociate in water and is less photodegradable (Poiger et al. 2003). Balmer et al. (2004) 

found low levels (less than 1ng/l-l) in surface waters and greater than 15 ng/L in SPMDs. They 

also reported methyl triclosan as a persistent pollutant that has the potential to bioaccumulate to a 

higher degree than does triclosan. 
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WWTPs efficiently remove a significant portion of these antimicrobials from waste -

water. Waltman et al. (2006) looked at the removal rate of the activated sludge treatment process 

at Denton’s WWTP and their work found 98.4% median removal efficiency between influent 

and effluent water.  This high removal efficiency in using activated sludge techniques has been 

confirmed by data from several WWTPs in the US and other countries. McAvoy et al. (2002) 

reported up to 96% average removal rates in Ohio and removal rates for Arlington, Virginia 

ranged from 97.7- 99.2%. Heilder and Halden (2007) estimated a removal efficiency of 98% in a 

mid- Atlantic US WWTP. Bester (2003), reported removal efficiency in Dortmund, Germany in 

activated sludge to be 96%. In Australia, Ying et al. (2007) evaluated 19 samples from five 

WWTPs in 2004, which also use activated sludge techniques, and estimated removal efficiencies 

of 72-93%.  

Other sludge treatments like trickling filter systems have lower removal efficiencies. In 

Ohio, removal rates were 58-86% (McAvoy et al. 2003).  Higher removal efficiencies in 

activated sludge systems have been linked to higher total suspended solids (TSS) in these 

systems which increase sorption of these compounds (Heilder & Halden 2007). No matter which 

treatment process is used, the fact is that antimicrobial concentrations in effluent are 

considerably lower than that in the influent water.  

 
 

Chemical Characteristics of TCS, MTCS, and TCC 

Triclosan 

Triclosan (2,4,4'-trichloro-2'-hydroxydiphenylether) is a phenolic compound (Figure 2.1) 

and exhibits broad spectrum antimicrobial activity (Schweizer 2001, Newton et al. 2005).  

Consumer products usually have TCS amounts ranging from 0.1-0.3% by weight; and TCS has 
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applications in the health care industry. TCS is a white crystalline powder with a molecular 

weight of 289.541, has low solubility in non – alkaline waters; 12 g/L at 20°C and a dissociation 

constant (pKa) of 8.14 at 20°C and a molecular structure depicted in Figure 1 (Schweizer 2001, 

USEPA 2009). TCS is both chemically and thermally stable (Newton et al. 2005). In alkaline 

waters, it is likely to exist in its protonated form which is more lipophilic with a log Kow of 5.4 

compared to 4.8 for the non-protonated form, however, the protonated form is not stable and can 

be photodegraded (Singer 2002, USEPA 2009). 

 

 

Figure 2.1 Molecular structure of triclosan. 
 
 
 
 More recent findings indicate that TCS has a specific mode of action (Schweizer 2001). 

In bacterial cells it inhibits the enoyl-acyl carrier protein; this is thought to be an irreversible 

reaction (McMurry et al. 1998). TCS is also known to interact with phospholipids in both 

prokaryotic and eukaryotic cells (Newton et al. 2005). Schweizer (2001), points out that the 

generic effects of TCS on membrane structure and function are as a result of specific inhibition 

of the fatty acid biosynthetic pathway. 

 

 

Methyl Triclosan 

 The USEPA considers MTCS (5-chloro-2(2, 4- dichlorophenoxy) anisole) to be one of 

the major degradation products of TCS when it undergoes treatment at WWTPs. MTCS has a 



17 

molecular weight of 303.571g/mol, and its molecular structure is depicted in Figure 2.2. MTCS 

is more lipophilic (log Kow of 5.2) than its parent compound TCS. MTCS is photostable and 

much more persistent in the environment (Lindstrom et al. 2002, Balmer et al. 2004).  

 
 

Figure 2.2 Molecular structure of methyl triclosan. 
 
 
 
 

Triclocarban 

TCC (N-(4-chlorophenyl)-N'-(3,4-dichlorophenyl)-urea (Figure 2.3), is a white solid with a 

molecular weight of 315.59 g/mol and water solubility of 11mg/L at 20° C (Halden & Paull, 

2005, USEPA 2009). It has a log Kow of 4.9 which is intermediate between TCS and MTCS. 

According to the USEPA (2009), it has low volatility, with moderate atmospheric photo-

degradation and negligible hydrolysis. It is also considered to be thermally labile (Halden & 

Paull, 2004) and pKa is said to be inapplicable under environmental conditions (USEPA 2009). 

 

 
 

Figure 2.3 Molecular structure of triclocarban. 
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Fate of Triclosan, Triclocarban and Methyl Triclosan   
 
            The concentration and distribution of TCS in the aquatic environment is a function of 

consumer use patterns, removal rates at WWTPs, chemical partitioning, and chemical and 

biological degradation (Sabaliunas et al. 2003). These conditions also hold true for TCC. Halden 

and Paull (2005) reported TCS and TCC co-occur in the environment, attributing this to their 

similar properties, usage, disposal and environmental half-lives (Table 2.1). Other studies have 

reported one or more of the compounds TCC, TCS and MTCS in surface waters (Kolpin et al. 

2002, Lindstrom et al. 2002, McAvoy et al. 2002, Bester  2003 & 2005, Balmer 2004, Halden 

and Paull 2004 & 2005,Waltman 2006, Coogan et al. 2007,Ying et al. 2007, Peng et al. 2008). 

           Data from the United States Geological Survey (USGS) indicate that biosolids can 

accumulate up to 30,000 times the concentrations found in surface water and therefore could 

have some effect on ecosystems in which they end up in. High concentrations of the one or more 

of the three compounds have also been measured in WWTP sludge, sediment or soils with 

concentration ranging from 800-53,000 µg/Kg of TCS in freshwater sediments and 1700- 24,000 

µg/Kg in estuary sediments (Bester 2005, Hielder & Halden 2007). Biosolid concentrations 

range from 90 to 32,900 mg ⁄ kg for TCS and from 3,050 to 51,000 mg ⁄kg for TCC (Chalew & 

Halden 2009). 

PPCPs are mostly lipophilic compounds (Singer et al. 2004), with moderate to high 

octanol-water partitioning coefficients (log Kow 2- 6.5) and have the potential to bioaccumulate 

and bioconcentrate in living tissue (Connell et al. 1997).  The oldest record to my knowledge was 

in Tokyo Bay in Japan (Miyazaki et al. 1984), where methyl triclosan was measured in the 

freshwater fish Carassius carassius at a concentration of 38 ng/g (whole body basis). Alaee et al. 

(2003), in US reported MTCS plasma concentrations in fish of 0.0132 ng/L. Coogan et al. (2007)  
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and Coogan & La Point (2008) measured MTCS levels in algae (Cladophora spp) ranging 50-90 

ng/g at three sites in Denton, TX; results from the in situ studies were in agreement with that 

measured in field samples (Table 2.2). They also measured MTCS concentrations of 49.8 ± 2.49 

ng/g in the snail Helisoma trivolvis exposed to effluent water at the outfall of the same WWTP.  

 

Table 2.1 Summary of Halden and Paull’s paper on the co-occurrence of triclosan and 
                    triclocarban, and a summary of some characteristics of methyl triclosan. 
 
Characteristic / Property Triclosan Triclocarban Methyl Triclosan 

Molecular weight (g/mol) 289.55 315.59 306.55 

Chlorine content (wt %) 33.7 36.7 33.7 

Structure Aromatic Aromatic Aromatic 

Log Kow (25 ºC, pH 7) 4.8 4.9 5.2 

Disposal Down the drain Down the drain Metabolite 

Usage PPCPs PPCPs By-product of 
Triclosan 

 

           

          In 2002, Lindstrom and his colleagues reported MTCS concentrations of 0.2-33 ng/g in 

semi permeable membrane devices (SPMDs) used as surrogates for biota in several lakes in 

Switzerland this was comparable to the 35 ng/g measured in white fish and roach in five different 

lakes in Switzerland reported by Balmer et al. (2004). Other studies include Boehmer et al. 

(2004); they reported MTCS levels from 1.1 to 26.1 ng/g (wet wt) in archived fish in Germany. 

Field TCS levels in aquatic biota reported in literature are; 0.4 ng/L in fish plasma, 58.7 ng/g in 

H. trivolvis,100 -162 ng/g in Cladophora spp (wet weight), < 0.01-120 µg/g in four different fish 
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spp in Sweden ( Table 2) (Adolfsen-Erici et al. 2002, Alaee et al. 2003,Coogan et al. 2007, 

Coogan & La Point 2008).  The concentration of TCC in Cladophora spp downstream of a 

WWTP was 200-400 ng/g, that measured algae from field and in situ studies (Table 2.2) and 

snail exposed at the outfall of the same treatment plant had 299 ± 80.9 ng/g of MTCS (Coogan et 

al. 2007, Coogan & La Point 2008).   

            There are few papers on laboratory studies of accumulation of these antimicrobials in 

biota. Higgins et al. (2009), measured TCC concentrations of up to 1,310 ± 60 µg/g in the worm 

Lumbriculus variegatus when exposed to spiked sediment (820 ± 220 ng/L) for 35 days, with the 

maximum concentration on day 5. Stevens et al. (2009) exposed two wetland plants, Sesbania 

herbaceae and Biden frondosa to spiked water at concentrations of 10 ng/L, 100 ng/L and 100 

ng/L; TCS levels were higher in the roots compared to the shoot of both plant species (Table 

2.2). TCS has also been detected in human breast milk in Sweden, blood and urine samples in the 

US (Adolffsem-Erici  et al. 2002, Calafat 2008).   

 

Effects of Antimicrobials: Toxicity and Bioaccumulation 
 
         Increased research efforts, especially in the last decade, have produced a lot of effects data. 

The general consensus is that, although these antimicrobials are generally not acutely toxic to 

humans, triclosan is considered highly toxic to freshwater invertebrates and aquatic plants 

(USEPA 2008). The EC50 for Scenedesmus subspicatus and Anabaena flos-aquae are 0.0007 and 

0.00067 mg/L respectively. According to the USEPA, triclosan may bioaccumulate, and also has 

a low to moderate bioconcentration potential in aquatic plants, in addition to that based on 

available data the calculated risk quotient for aquatic plants exceeds the level of concern 

estimated by the USEPA (USEPA 2008, USEPA 2010). Based on their assessment, there were 



21 

no acceptable acute or chronic toxicity data for freshwater, estuarine, or marine invertebrates and 

so they have to evaluate that at a later date. Available toxicity data from literature did not meet 

the USEPA guideline requirements. 

Orvis et al. (2002), after conducting toxicity tests on several organisms from algae to fish, 

concluded that TCS causes acute toxicity to aquatic organisms. Their results indicate that fathead 

minnows, bluegill sunfish, Daphnia magna, and Cerodaphnia dubia all exhibited EC50 or LC50 

concentrations in the range of 240 to 410 µg/L. The early life stage toxicity study with rainbow 

trout determined TCS NOEC and LOEC at 34.1µg/L and 71.3 µg/L respectively. These 

concentrations are about 10-100 times higher than concentrations measured in the environment 

and effluent from WWTPs (Kolpin et al. 2002, Coogan et al.2007, Waltman et al. 2006). 

Unicellular algae were the most susceptible, at TCS concentrations as low as 3.4 µg/L; the algae 

Anabaena flos-aquae showed no growth for 4 days, when compared to tests with lower TCS 

concentration and when these previously exposed algae were placed in clean water after 

exposure to TCS, the algae resumed growth. Acute toxicity of TCC for fish is between 49-180 

µg/L, and that for chronic toxicity is 5 µg/L, acute toxicity for crustaceans is 1.9-40 µg/L and 

chronic TCC toxicity is 0.06 -4.7 µg/L and toxicity values for algae was 10-30 µg/L (Chalew & 

Halden 2009). 

 Other antimicrobial effects have been reported. SCCP (2009), state that at or near typical 

usage levels, triclosan gets included into the membrane of bacteria, resulting in destabilized 

structure and or function. This can lead to disruption of nutrient uptake, inhibition of amino acid 

incorporation, inhibition of uracil incorporation, as well as membrane lysis.   
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Table 2.2 Summary of some field and laboratory studies on MTCS, TCS and TCC. 

Compound Type of study Tissue/species/ 
Material Endpoint Concentrations 

(mean / range) Reference 

MTCS 

Field SPMD Whole body burden1 0.2 -33 ng/g Lindstrom et al. 2002 
Field Algae: Cladophora spp Whole tissue 50-90 ng/g Coogan et al. 2007 

In-situ Algae: Cladophora spp 
Snail: Heliosoma trivolis Whole tissue 50.4 ng/g  

49.8 ng/g Coogan & La Point 2008 

Field Fish plasma Plasma levels  0.0132 ng/L Alaee et al. 2003 
Field Archived fish: several species Whole body burden 1.1- 26.1 ng/g Boehmer et al. 2004 
Field Fish: Carassius carassius Whole body burden 38 ng/g Miyaziki et al. 1984 

TCS 

Field Algae: Cladophora spp Whole tissue 109- 120 ng/g Coogan et al. 2007 

Lab: exposed to 
spiked water 

Wetland plants: Sesbania 
herbaceae 
Biden frondosa 
 

Shoot 
Root 
Shoot 
Root 

25.1- 151.1 ng/g 
151-540 ng/g 

97.7 ng/g 
9001- 21,054 ng/g 

Stevens et al. 2009 

In-situ Algae: Cladophora spp 
Snail: Heliosoma trivolis Whole tissue 162 ng/g  

58.7 ng/g Coogan & La Point 2008 

Field Fish plasma Plasma levels  0.4 g/L Alaee et al. 2003 
Field Different fish species Whole body burden <0.01-120 ng/g Adolfsen-Erici et al 2002 

TCC 

Lab: exposed  to 
spiked sediment Worm: Lumbriculus  variegatus Whole body burden 1310 ng/g Higgins et al. 2009 

Field Algae: Cladophora spp Whole tissue 200-400 ng/g Coogan et al. 2007 

In-situ Algae: Cladophora spp 
Snail: Heliosoma trivolis Whole tissue 367 ng/g  

299 ng/g Coogan & La Point 2008 
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Triclocarban is also known to alter semi-permeable membranes in the cell, by interrupting the 

function of membrane proteins (SCCP 2005). Antimicrobials affect cell membrane and 

reproduction by blocking the enoyl acyl carrier protein reductase enzyme; this is a very specific 

non-human interaction (McMurry et al. 1998). TCS is also known to generally destroy biological 

structures causing the death of the cells. In the presence of estrogen and testosterone, TCC 

enhances the activity of certain steroids (Ahn et al. 2008, Chen et al. 2008). Bioaccumulation of 

TCS and or TCC in algae, wetland plants, worms, snail and fish have also been reported (TCC 

consortium 2002, Coogan et al. 2007, Coogan & La Point 2007, Higgins et al. 2009, and Stevens 

et al. 2009). Of all these studies the highest accumulation factors were in algae; up to three 

orders of magnitude the concentrations found in surface water. 

 

Advances in Antimicrobial Research 
 
           In 2002, Kolpin et al. generated a lot of interest in antimicrobial research especially with 

regards to triclosan in effluents from waste water treatment plants. Several other studies also 

reported the presence of triclosan and other antimicrobials in various water bodies from the U.S. 

and abroad (Balmer et al., Bohemer et al., Lindstrom et al., Paull & Halden). In 2004, Paull and 

Halden’s work highlighted new analytical techniques for detecting and measuring triclocarban, a 

compound that co-occurred in the environment with TCS but had not been detected because of 

inadequate techniques used for measuring it prior to their publication. Previous techniques 

designed to detect TCC had used gas chromatography mass spectrometry, but because 

triclocarban is thermally labile it was likely to get destroyed in the analytical process and 

therefore result in non-detects.  
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Bioaccumulation / Bioconcentration 
 

One of the most common ways of characterizing risks in aquatic ecosystems is to 

quantify accumulation of chemicals in environmental media including air, water, pore- water, 

sediment, and food into aquatic biota. Although, a high amount of a compound in organisms 

does not necessarily mean a negative effect will occur, the presence of a chemical especially in 

high quantities is of concern and leads to further investigations of its effects on the fitness of the 

biota. On the other hand, the absence of a chemical does not eliminate its potential to cause harm 

because there are certain compounds that are metabolized and the cost of metabolism and 

elimination might affect or compromise certain processes in the body. However, with highly 

metabolized compounds, it is much difficult to establish causality between the compound of 

interest and an effect. 

The term bioconcentration is used most frequently in laboratory studies; it is the net 

uptake of chemical from aqueous media into an organism through its gills and dermal tissue. 

USEPA definition is: bioconcentration/bioaccumulation is the increase in concentration of the 

test substance in or on an organism (specified tissues thereof) relative to the concentration of test 

substance in the surrounding medium. Bioconcentration factor (BCF) is simply calculated as the 

ratio of uptake and depuration rates or the concentration of a chemical in biota versus the 

concentration in water. Bioaccumulation refers to the uptake of chemicals through the gills, 

dermal tissues, food, and sediment intake, and for the most part is expected to be higher than 

bioconcentration; bioaccumulation factor (BAF) is the ratio concentration of a chemical from 

multiple sources to the concentration in biota. However, because of the difficulty in quantifying 

uptake through diet and other non- aqueous routes in the field, chemical uptake data from field 
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studies are usually designated as BAFs, although, only the water concentrations are used to 

estimate these factors (Wright & Welbourne 2002, Adam & Roland 2003).   

For regulatory purposes, fish are used in BCF tests to help determine the risk a chemical 

poses to fish and higher organisms. BCF at steady state is the ratio of the concentration in the 

fish at steady state to the concentration in water, whereas kinetic BCF is the ratio of the uptake 

(K1) and depuration rate constants (K2). A chemical is considered by the USEPA as 

bioaccumulative if the BCF is > 1000 -5000 and very bioaccumulative if the BCF is greater than 

5000.  For the European commission, a compound is considered very bioaccumulative if the 

BCF or the BAF ≥ 5000 (Arnot & Gobas, 2006). The standard test used in BCF determinations 

are OECD 305; the test is divided into an uptake phase that lasts for 28 days or until a steady 

state is reached and a depuration phase that should run for half the duration of the uptake phase, 

usually 14 days. ASTM and USEPA also have similar guidelines for determining BCFs. For 

sediment dwelling organisms or organisms that ingest sediments, the sediment is an important 

route of exposure of these chemicals.  

 

Clam: Corbicula fluminea 
 

One of the endpoints of ecological toxicological assessment is to measure the effects of 

contaminants on living organisms in aquatic ecosystems. The choice of representative biota is 

critical because they form the base on which we make conclusions about risks and extrapolate 

this to protect other organisms in the system (Burton 2005). A good candidate for research is one 

that can be protective of majority of the other organisms in the ecosystems. To fully assess 

bioaccumulation of chemicals in water, C. fluminea an Asiatic bivalve was used.  
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Bivalves are sedentary organisms that inhabit the sediment water interface and commonly 

used in bioaccumulation of metals, organic contaminants (Sousa 2008). C. fluminea is primarily 

a filter feeder but also gets some of its nutrients by pedal feeding on sediments (McMahon 

1991). Therefore C. fluminea can be exposed to contaminants in multiple ways; water, sediment, 

and through their diet. The extent of exposure is influenced by temperature, filtration rate, and 

concentration of the chemicals of interest in the aqueous component, porewater, and sediment 

(Sousa 2008, McMahon 2001). Bivalves also integrate past and present exposure but rarely do 

these contaminants alone result in their death (Tarns et al. 2001). In bivalves, exposure to a 

contaminant can be very significant because of the large volume of water siphoned and filtered 

by these organisms for food. This also implies that even in cases where water concentration of 

the contaminant is below instrument detection limit in the aqueous component, these bivalves 

can accumulate contaminants in appreciable concentrations to help quantify exposure (Uno et al. 

1997).  

C. fluminea was first introduced to North America in the 1930s and has been very 

successful in both lentic and lotic systems (McMahon 1991). Their success as an invasive 

species is remarkable. They are endemic to Asia, Australia and Africa but have been introduced 

into Europe and North and South America (McMahon 1999) and this makes them a good global 

candidate for monitoring specific compounds. In some sandy streams, C. fluminea can dominate 

the benthic invertebrate community both numerically and in terms of biomass (Lauristen and 

Mozley 1989).  

C. fluminea belongs to the phylum Mollusca. This phylum has seven classes, two of 

which are found in freshwater of North America: Bivalvia and Gastropoda (Turgeon et al. 1998). 

Clams or bivalves are mollusks that have two shells and fall under the class Bivalvia. Corbicula 



27 

is the only genus under the family Corbiculidae one of the most common families in the 

Bivalvia. The genus Corbicula is variable in morphology, reproduction and color (McMahon 

1991, Sousa 2008); color variations can occur for different sizes of organisms at the same 

location, this makes their classification a little problematic. Although they are primarily filter 

feeders, they have also been shown to pedal feed by using the cilia on their foot to gather 

subsurface organic matter within the streambed (Cleland 1988, Reid et al. 1992).  

Filter feeding-induced ventilatory activity is a primary limiting step that controls the rate 

at which water passes through the body and hence the delivery of contaminants (Fournier et al. 

2004). Food is filtered through the incurrent (inhalant) siphon and waste is released through the 

excurrent (exhalent) siphon, during filtration these structures are fully extended out (Figure 2.4) 

and can be up to one half of the bivalves shell length. 

In C. fluminea the inhalant siphon is ventrally placed, and the exhalent siphon is dorsally 

placed and they are separated by the demibranchs, feeding and respiration is sustained by 

numerous lateral cilia within these siphons (McMahon 1991). A significant portion of their 

assimilated energy; approximately 71% is put towards growth (McMahon 2002).  

This ability to couple filter feeding and pedal feeding is likely to have contributed to their 

invasive success (Hakenkamp et al. 1999, Hakenkamp et al. 2001).  Hakenkamp et al. (1999) 

conducted laboratory and field experiments in Goose Creek, Virginia and concluded that C. 

fluminea had a significant impact on the organic matter dynamics of the creek; they dominated 

both filter feeding and pedal feeding in the Creek. Additionally, the higher the filtration rate the 

higher the amount of organic matter in the sediment and this was attributed to higher deposition 

of feces and pseudofeces. Although, filter feeding is the predominant mode of nutrient uptake, 
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when C. fluminea were able to both filter and pedal feed they grew at a significantly faster rate 

than when they filter fed alone. 

The tissue osmotic concentration of C. fluminea is higher than that of the surrounding 

media; this is a common characteristic of most freshwater species (McMahon 1991). To prevent 

influx of water into the cells, they produce copious amounts of dilute urine, which causes a 

constant loss of the ions. C. fluminea has extensive gill and mantle surface that leads to high 

filtration rates and respiratory rates that are linked to high metabolic rates (McMahon 1991, 

Sousa 2008). It has a pair of kidneys, with low ion permeability and high water elimination rates, 

urine clearance rates are high, estimated at 20-50 ml/Kg per hour and this is considered 

extremely high even for bivalves which have one of the highest urine production rates among 

freshwater species (McMahon 1991). 

 

 

                                                    A              
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Figure 2.4 A: Some C. fluminea sampled from Pecan Creek, Denton, Texas,  
                  B: Clam with inhalant and exhalent siphons extended. 
 

 

Bivalves rapidly accumulate metals, pyrenes, aldrin, DDTs, PAHs, PCP, and 

hexachlorobenzene (Bauer et al. 1989, Uno et al. 1997, Richardson et al. 2005). For all these 

compounds, uptake was very rapid reaching a steady state in about five days, PAHs were rapidly 

depurated when bivalves were transferred into clean water but DDT did not appreciable 

depuration after 10 days, and hexachlorobenzene was biotransformed. Uno et al. (1997) 

compared uptake of several chemicals in different bivalves and the snail Cyangopludina 

chinensis, their work indicated that Corbicula leana accumulated more compounds than the river 

snail from the same exposure; they concluded that this differences in accumulation behavior was 

significant and was most likely due to differences in metabolic and ventilation rates. 

Inhalant siphon 
Exhalant 
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 The Asiatic clam, C. fluminea has successfully established thriving populations even in 

unstable habitats, rapid burrowing rates compared to that of Unionids and Dessinids allows it to 

avoid being washed away by high currents. C. fluminea is tolerant to waters with high turbidity, 

however, it is less tolerant to environmental stress like increased temperature (acceptable range 

>2 °C and not more than 36 °C), low pH (< 5.6), and low calcium and cannot appreciably 

regulate its oxygen consumption in environments with progressive hypoxia (McMahon 2002). 

C. fluminea have a life span of 1-4 years, and exhibits bivoltine reproduction; with one 

cohort in the spring and the other in the fall (McMahon 2002, Sousa 2008). High fecundity is 

used as a strategy to ensure survival of some of the offspring, as there is no parental care for the 

offerings once they are released into the water. These bivalves are hermaphrodites and this 

means less time is wasted trying to find a suitable mate to ensure fertilization. They have a 

relatively faster recovery rate after a disturbance compared to native species of Unionidae (Sousa 

et al. 2007). Fertilization occurs inside the paleal cavity and larvae are incubated in branchial 

water tubes. The eggs have high nutritive value and after a while the veliger (shell length ~0.4 

µm) are released into the water where they attach themselves to a hard substrum. By the time 

they become juveniles, they are fully formed although they are very small in size; up to 250 µm 

(McMahon 1991, McMahon 2002, Sousa 2008). These juveniles also attach themselves to any 

hard substrate using their byssal threads and reach maturity within 3-6 months when their shell 

length is about 6-10 mm (Sousa 2008). High filtration rates this helps them grow and reach 

maturation at a faster rate (McMahon 2002). McMahon (2002) and Sousa (2008) classify clams 

10 mm or greater as adults. 
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Sampling Sites 

Clear Creek 

Clear Creek was used as a reference site. It had previously been established that the C. 

fluminea, sediment and water samples from this creek had very low levels of the contaminants of 

interest. Sediment, water, and clam samples were taken at various times and used to generate 

quality control data. C. fluminea were also sampled from Clear Creek and used for the in situ 

study at Pecan Creek. Sediment and clams used for the laboratory studies were also taken from 

the Clear Creek. Two sites along this Creek were sampled: one at Sanger with a UGSG sampling 

station and the other side was across the bridge on FM 2164 (about 6 miles from US I-35N). 

Both were needed because Clear Creek has a large population of small sized individuals with 

shell sizes less than 15mm and larger individuals were needed for both the in situ and laboratory 

studies.   

The Clear Creek watershed area is a Texas State reference site for bioassessments. It is 

about 236,200 acres (369 square miles), and includes Cooke, Denton, Montague and Wise 

Counties, Texas (CCWA, 2009). It is an intermittent stream with perennial pools fed by 

underground water and is used for recreation, watering animals and other agricultural purposes 

(pers. comm. Dr.  James H. Kennedy, March 2009). The riparian vegetation was made up of a 

combination of grasses, trees, shrubs and there were areas with bare soil. The FM 2164 Site had 

a common setting: the area was fairly altered portions directly under the bridge were highly 

eroded creating deep gullies in some areas. The Sanger Site is close to I- 35N and the area is 

surrounded by some housing development and farmlands. This segment of the stream has some 

deep pools and wadable areas with highly eroded banks.  

 



32 

Pecan Creek 

Pecan Creek is also an intermittent stream that flows through Denton County, Texas. The 

Pecan Creek watershed is 75% urban, covers an area of 63.5 Km2 and flows into Copas cove of 

Lake Lewisville (Taylor 2002). The stream is greatly influenced by effluent from Denton Waste 

Water Treatment Plant (DWWTP); total in-stream flow can be 90% or greater Taylor (2002). 

This is especially true during the summer months or in times of drought. The DWWTP processes 

about 15 million gallons of waste per day, Taylor (2002) noted that although water quality is 

influenced by several variables including seasonal, spatial, climatic and other factors, the effluent 

from DWWTP had the greatest overall influence. This creek is protected along its entire length 

by riparian vegetation mostly composed of trees and grasses. The creek has steep banks which 

show evidence of being eroded. Debris is common in the stream. 

Four sites along Pecan Creek were selected based on accessibility, position of the site 

relative to the outfall of DWWTP, and availability of clams. Site 1, is an upstream site, with 

moderate flow that can be intermittent in summer months, in some years. Site 2, is immediately 

downstream of the outfall where the water is wadable and can easily be sampled, this area has 

abundant populations of C. fluminea, is easily accessible and was also used for the in situ study. 

Site 4 is the mouth of the creek where it flows into Lake Lewisville, this part of the creek is deep 

and has back flow in years of drought; this observation was also made by Taylor (2002). This is 

the only site where we did not have clams but it was included in the study because of its position 

and we could still get some data from the water and sediment samples. Site 3 was a site chosen 

between Sites 2, the outfall and Site 4 (mouth) to help determine if there were any significant 

changes between these two sites, Site 3 has lots of clams and required the least sampling effort of 
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all the sites sampled. These sites had been used in a previous study (Coogan et al. 2007) that 

looked at bioaccumulation of MTCS, TCS, TCC, in Cladophora spp. 
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CHAPTER 3 
 

 BASIC CHARACTERISTICS, QUALITY CONTROL, AND INSTRUMENT ANALYSES: 
WATER, SEDIMENT AND Corbicula fluminea FROM THE REFERENCE AND STUDY 

SITES 

Introduction 

Despite the apparent stability of sediments compared to aqueous flow in lotic systems, 

there is a continuous flux of physical, chemical, and biological components in and out of 

surficial sediments, this has a great effect on overlying water quality, sediment quality, and thus 

on ecosystem structure and function (Burton 1992).The choice of reference sites are critical 

because they serve as the bases for interpretation of data collected from the test or study sites. 

Therefore, it is preferable that reference sites/samples should be in the same geographic region, 

have comparable characteristics as those of the study site and should also have low 

concentrations of the compounds of interest otherwise, it becomes extremely difficult to interpret 

results from the study sites. Generally, because it is almost impossible to find pristine sites, the 

comparison is between the least impaired sites in an area and the study sites (Carter et al. 2006).  

Water quality characteristics like pH, oxygen levels and temperature greatly influences 

the chemical and biological properties of water (Weiner 2000). For bivalves, hypoxic conditions 

induce increase water uptake which may result in higher  accumulation factors than in organisms 

living in areas otherwise known to be similar to nearby normoxic conditions (Tran et al. 2004). 

Water quality characteristics, also influences the ventilation rate in Corbicula fluminea and thus 

the increases the exposure of these organisms to contaminants. Legeay et al. (2005) found that 

opening of valves in Corbicula decreased under hypoxic conditions and the highest cadmium 

concentrations were measured under these conditions. The pH of a stream affects the degree of 

ionization of certain chemicals in the water (Connell et al. 1997). When exposed to Uranium in 

the laboratory Corbicula accumulated 14 times more uranium at pH 7 than at pH 8.1 (Simon & 
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Garnier –Laplace 2004). Inza et al. (1998) found that although variations in temperature and pH 

had no effect on depuration rates, they did influence uptake rates. Another important 

consideration in contaminant characterization is to take into account the spatial and temporal 

influences (Carter et al. 2006). 

The key sediment assessment in aquatic ecosystems is bioavailability, because even 

though sediments might contain high levels of contaminant, this does not necessarily lead to 

adverse effects of exposed resident organisms (Power & Chapman 1992). Sediments serve as 

sinks and sources of contamination for lipophilic compounds in aquatic ecosystems. Although, 

this may be true in the general sense, how efficiently sediments can act as a sink depend on 

certain characteristics of that sediment. Variation in sediment characteristics can sometimes help 

explain variations in accumulation results and reduce the level of uncertainty. Higher clay 

content for e.g. serve as binding sites and can lead to high sediment concentration of 

contaminants but the bioavailability might be low. Connoly et al. (2000), in modeling 

polychlorinated biphenyls (PCBs) at several contaminated sites on the Hudson river realized that 

at sites with low organic matter content, sediment concentrations of PCBs were low whereas, 

water concentrations were uncharacteristically high. In certain cases, only trace concentrations of 

compounds are detected in the aqueous compartment, but sediment levels of these compounds 

can be extremely high leading to adverse effects to sediment dwelling organisms, and periodic 

release into the aqueous compartment or pore-water.  

The most obvious property of any sediment type is particle size (Lori 2009). Particle 

sizes can range from boulders to very fine clays and in many instances a whole range of particle 

sizes (boulders, cobbles, pebbles, sand silt and clay) might be present in a stream. The important 

thing is the relative percentages of these different particles and their distribution in the aquatic 
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system because this has a great influence on flow, oxygen levels, nutrient availability, habitat for 

aquatic organisms, reproductive success of organisms like the salmonids, and also influences 

types and concentrations of compounds that get sequestered etc. Two of the most common 

methods for determining particle size are the sieve and sedimentation method (Lori 2009). The 

sieve method uses dried and disaggregated sediment, which is passed through a series of sieves 

of different mesh sizes, determined to separate sand, silt, and clay particles. Sedimentation 

techniques are wet methods and based on the principle that different sized particles will have 

different settling speeds. Both techniques help to determine the relative proportions of the 

various particle sizes and this information is then used to determine the texture of sediment. 

In aquatic habitats variability is generally more pronounced in areas of erosion and 

transportation and less so in areas of deposition or accumulation (Hakanson 1992). Based on the 

organic matter variability in different areas, he suggests a ratio of 1:3:7 for the number of 

samples required to determine the lake-based parameter for areas of accumulation, erosion and 

transportation respectively. This means less sample sizes required if depositional zones are 

sampled. 

Results from a preliminary study indicated that the chemicals of concern; triclosan 

(TCS), triclocarban (TCC) and methyl triclosan (MTCS) accumulated in sediments and C. 

fluminea at all the Pecan Creek sites except for the upstream site. Coogan et al. (2007) also found 

that these three chemicals bioaccumulate in algae even in cases where concentrations could not 

be detected in the overlying water. However, data from the preliminary study had large 

variations in the measured concentrations of all three contaminants in sediments and C. fluminea. 

To help reduce or better explain these variations, one of the objectives of the study was to 

characterize sediments at all four study sites to determine if there are significant differences in 
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the sediments that could lead to differences in chemical accumulation in these sediments. The 

second objective was to measure general water quality parameters at the different sites and lastly 

run additional samples for quality control purposes. The size ranges of the clams used were 

narrowed (shell length of 15 ± 5mm) to help reduce variability in tissue concentrations. 

Sediments were collected from the reference stream (Clear Creek), where resident clams were 

also collected for exposure in the in situ and laboratory experiments; the sediments were also 

used in the laboratory experiments.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

 
 

Materials and Methods 

Chemicals 

  Internal standards 13C TCS, 13C MTCS, 7d TCC were purchased from Wellington 

laboratories (Kansas, USA). All solvents used: hexane, ethyl acetate, dicloromethane, methanol, 

acetonitrile were HPLC grade and obtained from Fisher Scientific Houston, Texas. Milli-Q water 

was obtained from a Millipore system (Bellerica, Massachusetts) at 18.0 Ω/cm and N-methyl-N-

(trimethyhlsilyl) trilfluoroacetamide (MSTFA) was from Thermo Scientific (Rockford, IL). 

 
 

Instrument Analysis 

Gas Chromatography Mass Spectrometry (GC/MS) 
 

TCS and MTCS analyses were conducted on 6890 GC (from Agilent Palo Alto, CA, 

USA)  with a 5973 mass selective detector MS (70-eV). Colum type was HP-5MS (C-18) and 

dimensions were: 0.25 mm* 30 m*0.25 µm. Isotopic dilution spectrometry technique was used 

to analyze all samples; 10 µl of 5 µg/µl (50 ng) the internal standards 13C TCS and 13C MTCS 
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were added to each sample. The instrument was operated in a splitless mode with helium as the 

carrier gas with an injection volume of 2 µL. Conditions were as follows: initial temperature was 

265 °C and maximum of 350 °C, the pulse pressure was 20 psi and the purge flow of 15 

ml/minute with a run time of 35 minutes. Retention time for 13C MTCS, MTCS, 13C TCS, and 

TCS were 22.64, 26.62, 22.77, 22.77 minutes. An eight point standard curve was established 

with analytes concentrations from 8 to 1000 pg/µL. Analyses were carried out under selected ion 

mode (SIM).   

  

Liquid Chromatography Mass Spectrometry (LC/MS) 
 

TCC was analyzed using an Agilent 1100 LC/MS system with Model SL ion trap MS. A 

C-18 column; 2.1m *150 mm*5 µm (Zorbax SB Agilent) was used for LC analyses and the 

mobile phase was a mixture of phase A (95% water and 5% acetonitrile with 5 nM ammonium 

acetate) and phase B (95% acetonitrile and 5% water with 5nM ammonium acetate) solutions. 

Compounds were analyzed in the negative ion mode. The instrument was set to scan masses 

from 90-400 (m/z) with an accumulation time of 50ms. TCC had a retention time of 9 minutes. 

An eight point calibration curve was generated with analyte concentrations from 8- 1000 pg/L. 

 
 
 

Sediment Analyses 

About 100- 150 g of sediment samples from Clear Creek and Pecan Creek were air-dried 

for 24 hours. Samples were analyzed in duplicate. The samples were sieved to separate the 

gravel from the rest of the sediment types. Using a riffle sampler the samples were split into un-

biased sub-samples as follows: 40 g for texture analysis, and 10 g for moisture and 10 g for 
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organic matter organic matter. Soil types were analyzed using the sieve method described in 

APHA (2005) and the soil texture determined using the soil texture calculator (NRCS 2010). Soil 

pH was analyzed using the Heliogg- field method. Samples were gently pulverized using a 

mortar and pestle, and placed in oven-dried, pre-weighed crucibles; the samples were left in an 

oven at 105 °C overnight. Samples were subsequently left to dry in a desiccator and then re-

weighed (W1) using a Mettler PJ 300 (Mettler Instrument Cooperation, Switzerland). The 

percent moisture was calculated as follows: 

 
% moisture = (Change in weight after drying/Total weight) * 100 

 
Samples were then put back into the dessicator and later put in a muffle furnace heated up to 

500°C for two hours, then cooled again in a dessicator and re-weighed (W2). The amount of 

organic matter for each sample was calculated as follows: 

 
% Organic matter content = (W1- W2)/initial sample weight * 100 

 
Sediments were also collected from the four selected sites at the study site (Pecan Creek). 

Sediments were stored un-aerated at 4°C for analysis. Total organic matter was measured for 

each sample and we also determined the soil texture at each site. 

 

Quality Control   

Water, sediment, and C. fluminea samples were collected from Clear Creek and used for 

quality control (QC) purposes. For each matrix, blanks, blank spikes, matrix and matrix spikes 

samples were run. A method detection limit (MDL) was determined for each matrix using seven 

spiked samples at 50 ppb and following guidelines in APHA (2005). An eight point standard 
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curve was established using analyte concentrations from 8-1000 pg/µL and internal standard 

concentrations of 500 pg/µL. All study samples also had an internal standard of 500 pg/µl added 

before sample processing for quantification (detailed methods for each matrix are described in 

the Chapter 4).  If an R2 was less than 0.8, it was rejected. 

 Control water, sediment and clams were sampled from Clear Creek to help calculate 

background contamination levels. Some control samples were spiked at 500 ppb to help 

determine matrix recovery rates, and percent deviation in duplicate samples. Method blanks were 

also used to ensure that background contamination were within acceptable limits. For water 

samples, MilliQ water was used as the method blanks and for sediment and clams 50/50 (v/v) 

hexane: ethyl acetate was used as the blank. 

 
 

Results 

QC Data  

           For water samples from Pecan Creek, MTCS was below calibration, TCS was not 

detected and TCC measured was below the method detection limit (MDL). Blank spike 

recoveries for water were 103.3, 99.4 and 103.0 % for MTCS, TCS and TCC respectively (Table 

3.1). MTCS was not detected in sediment QC samples although some TCS and TCC were 

measured these quantities were below the method detection limit for sediment. Spiked method 

blanks for sediment yielded the following recovery rates: 95.7, 84.6 and 99.4% for MTCS, TCS, 

and TCC respectively (Table 3.1). Blank spike recoveries in C. fluminea were as follows: 

100.2% for MTCS, 100.55% for TCS and 94.3% for TCC (Table 3.1). For C. fluminea samples, 

measured MTCS, TCS and TCC were below the method detection limits. MTCS, TCS, and TCC 

in control water, sediment and clam samples from Clear Creek were either below calibration, not 
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detected or below the method detection limit. Check standards run in between samples for all 

matrixes had recovery rates of 86.3-95.1% for MTCS, 91- 106% for TCS and 90-108% for TCC. 

The calibration curves for methyl triclosan and triclosan have a good fit for the 

concentration range used (Figure 3.1). Method detection limits for each chemical and matrix are 

given in Table 3.1; the lowest detection limits for methyl triclosan, triclosan and triclocarban was 

measured in the sediments and the highest was in C. fluminea. 

 

Sediment 

 Clear Creek had the lowest overall pH and the highest pH was at Pecan Creek Sites 3 and 

4 (Table 3.2). The highest percent moisture was measured at Site 4 at Pecan Creek; this site also 

had the highest percent silt. The highest gravel content was found at Sites 2 and 3 with 13.7 and 

20.5% respectively, all other sites had gravel levels below10%. Organic matter content was 

generally low at all sites; it ranged from a low of 0.62%  at Clear Creek to a high of 2.64% at 

Site 4 at the mouth of Pecan Creek. Sand was the predominant texture type at Clear Creek and 

Sites 1-3 of Pecan Creek, Site 4 had very low levels of sand (Table 3.2). Sites 2 and 3 with the 

highest % sand also had the highest amount of gravel and both were sandy soils. 

  Generally, water quality data was within the ranges expected (Table 3.3). Temperature 

levels were very similar for all sites and both Creeks. Dissolved oxygen levels were above 7.0 

mg/L for all the sites (not 24 hour profiles); the lowest was at Site 4 of Pecan Creek which is 

mostly stagnant water but had high algal blooms.  
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Table 3.1 Quality control data for TCS, MTCS and TCC analyses in different matrix. 

Matrix Chemical Blank  Blank 
spike   
(%) 

Matrix Spike 
(%) 

Matrix spike 
duplicate (%) 

% Duplicate 
    deviation 

     Method 
detection limit 

 

Water MTCS 

TCS 

TCC 

BC1 

ND2 
 
< MDL 

103 

99 
 
103 

102         92 

       92                    84 

   80            109 

 

                     10 

             7 
 

        30.7 

           1.58* 

           0.93* 
 
           4.05* 

 

Sediment MTCS 

TCS 

TCC 

ND 

< MDL3 
 
< MDL 

 96  

85 

99 

 

88                  100 

106                 110 

 107                  80 

    12.8 

         3 
 

    28.8 

      0.38 

      0.46 
 
      0.91 

 

C. fluminea MTCS 

TCS 

TCC 

< MDL 

< MDL 
 
< MDL 

 100 

105 

94.3 

102                103 

 102               108 

 112                  83 

          1 

          5 
 

     29.7 

      6.93 

      7.94 
 
      4.25 

 

1-Below calibration, 2-non-detect and 3- Less than method detection limit,  

* -MDL for the liquid –liquid extraction 
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Figure 3.1Standard curves for methyl triclosan and triclosan using GC/MS. 
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The pH levels at all sites (where water samples were taken) at Pecan Creek were similar, ranging 

from 7.4-7.6, but pH at Clear Creek, 8.8 was higher than other sites. Conductivity was also high 

in both Creeks. Except for Clear Creek, sediment pH at the other sites was similar to the 

respective water pH levels. 

 

 

 Table 3.2 Selected sediment properties at Clear Creek and Pecan Creek, Denton, TX. 

Sites Clear Creek Pecan Creek 

 Site 1 Site 2 Site 3 Site 4 

pH 7.2 7.5 7.5 8.0 8.0 

%  Moisture 0.27 0.47 0.46 0.40 1.32 

% Organic  Matter 0.62 1.11 1.50 0.97 2.64 

% Gravel 0.4 7.0 13.7 20.5 1.2 

% Sand 69.8 78.4 90.4 94 33.6 

% Silt 24.3 19.7 8.4 5.0 49.3 

% Clay 5.9 1.9 1.3 0.9 1.7 

Texture Sandy Loam Loamy Sand Sand Sand Silty Loam 

 
 
 
 
 
Table 3.3 Select water quality measures at Clear Creek and Pecan Creek. 
 
Sites Clear Creek Pecan Creek 

 Site 1 Site 2 Site 3 Site 4 

pH 8.8 7.6 7.4 7.6 7.5 

Water Temperature (°C) 24.3 22.4 24.7 23.2 21.7 

Dissolved oxygen ( mg/L) 8.5 8.2 8.4 8.2 7.3 

Conductivity (µS) 737 625 723 887 795 
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Table 3.4 Average shell lengths, total number of organism and range of sizes at different 
                 sites in Clear Creek( several dates March 2010) and Pecan Creek ( 3/12/2010). 
 
Sites Clear Creek Pecan Creek 

  Site 1 Site 2 Site 3 Site 4 

Size range 10.2-27.5 11.0-21.0 10.4-26.3 11.0 -25.5 na1 

Average shell length  ± SD 

(mm) 13.5± 2.3 15.3±2.9 17.1±4.8 18.7±4.2 

 
na 

Total number of organisms 168 24 66 141 na 

Sampling time (min.)/2 

people 150 90 30 20 

 

na 
1- Site 4 did not have C. fluminea, SD- standard deviation 

 

C. fluminea  

   Size distributions of C. fluminea were very different for all sites. Although, Clear Creek 

had the largest organism sampled (Table 3.4), it also had the most number of small sized 

organisms; average shell length of the clams sampled was 13.5 mm (n =168) (Table 3.4). Pecan 

Creek: Site 1 required the most sampling effort, only 24 organisms were collected in 90 minutes 

and 90 % of these had shell lengths less than 20 mm (Figure 3.2). Both Sites 2 and 3 required 

very little sampling efforts; Site 3 had the largest number of organisms; 50% of organisms 

sampled had shell sizes greater than 20 mm, compared to 70% at Site 2 (Table 3.4 & Figure 3.2).  
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 Figure 3.2 Frequency distribution of different size classes of C. fluminea at Clear Creek. 
 
 

Discussions and Conclusions 
 
 Quality control data indicated that C. fluminea had MTCS, TCS, TCC levels that were 

either below instrument detection limits or below the method detection limits. This was 

extremely desired especially for the in situ experiment (Chapter 5) because any measurable 

concentrations of the chemicals measured in field exposed samples over experimental period 

could solely be attributed to uptake from water and sediment from the outfall of the WWTP. 

Roberts (1996) did some work on selenium uptake and reported results that were difficult to 

interpret because of high levels of selenium in clams from the reference site. 

Water quality levels were adequate for all sites. Water temperatures were within the 

optimum range for C. fluminea; 24 – 30 °C (Doherty et al. 1990). The pH levels at all sites were 

above the lower limit of tolerance (5.6) for C. fluminea. Low levels of TCS at Clear Creek could 

be due to higher pH levels above the pKa of 8.1, which means that most of the TCS is in the 
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dissociated form. When environmental pH > pKa triclosan is in the protonated form which is 

highly photodegradable (Latch et al. 2005). Oxygen levels were above 7.0 mg/L ensuring 

optimum conditions for survival and growth of the clams. C. fluminea are intolerant of hypoxic 

levels < 3 mg/L ( Sousa 2008), due to high metabolic rate as a result of high filtration rates 

especially in nutrient poor environments (McMahon 2002, Weieter et al. 2009). 

 Soil texture and pH were comparable for almost all the sites in both Creeks; C. fluminea 

were more abundant in sediment with higher sand content. This species of Corbicula prefers 

sandy soils, although, it can be found in varying soil types (Parmelee & Bogan 1998). It is also 

known to prefer water with moderate flow rates (Sousa 2008). The stagnant conditions, coupled 

with the higher silt content might explain why no organisms were found at Site 4. Low organic 

matter content at Sites 2 and 3 might mean higher bioavailability or higher exposure of these 

chemicals to biota in the Creeks. Graney et al. found that accumulation of cadmium and other 

metals was lower in soils with high organic matter compared to those with high sand content. 

 Small sized organisms found in Clear Creek and at Site 1 of Pecan Creek might be due to 

drought conditions in the area in 2008; sediment quality at these sites was adequate and we had 

collected larger samples from the same sites in 2005. Higher sized clams might found at Pecan 

Creek Sites 2 and 3 might also be due to higher sand content and gravel levels at these sites. All 

organisms sampled were adults with well developed filtration systems. 

 In conclusion, water and sediment conditions were not much different among the sites in 

both Creeks. Sediment had low organic matter content except for the mouth of Pecan Creek. 

Large sized clams (>20 mm) were least abundant in the upstream site at Pecan Creek and the 

reference stream, although larger organisms were abundant at outfall and downstream site of 

Pecan Creek. This observed difference is likely due to differences in substrate quality and 
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environmental conditions. Organisms collected from the reference stream, had low levels or un-

detectable levels of the chemicals of interest, enabling comparison with levels of these chemicals 

in clams exposed to water from the WWTPs. 
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CHAPTER 4 
 

TRICLOSAN, METHYL TRICLOSAN, AND TRICLOCARBAN IN WATER, SEDIMENT 
AND CLAMS (C. fluminea) FROM PECAN CREEK IN DENTON, TX. 

Introduction   

          In the southwestern United States, many rivers are dominated by WWTP effluent under 

low flow conditions, making contributions from effluents even more important in times of 

drought (Waltman et al. 2006). Significant dilutions occur briefly, usually after heavy rain 

events. Pecan Creek is one such effluent dominated water body that flows into Lake Lewisville 

(Hemming 2001), an important reservoir for the city of Denton with a population estimated in 

2009 at 118,994, and Dallas with a 2008 estimated population of 1,330,000 ( City of Denton, 

2010, City of Dallas 2010). Work done by Waltman et al. (2006) indicates that the highest mean 

concentration of triclosan (2.89µg/L) at Pecan Creek occurred during the summer, followed by 

fall (1.55µg/L) and while not significantly different from each other, both differed significantly 

from concentrations in the spring (1.13µg/L) and winter (0.94µg/L). 

          Efficient WWTPs are known to remove a substantial amount of triclosan and triclocarban; 

with up to 98% removal efficiencies (Bester 2003, McAvoy et al. 2002). Work done by Waltman 

et al. (2006) confirmed that a substantial amount (up to 99%) of triclosan is removed from 

influent at the Denton’s Waste Water Treatment Plant (DWWTP).  Flow in the receiving stream, 

Pecan Creek for DWWTP, can be made up of 95% of effluent especially in the summer. Another 

study (Coogan et al. 2007) by this research group sampled one upstream site (reference site) and 

three sites downstream from the outfall of DWWTP; results from that study confirmed low levels 

of  triclosan (TCS) reported in Waltman et al. 2006. Coogan et al. (2007) also reported low 

concentrations of methyl triclosan (MTCS) and triclocarban (TCC) at these sites and their results 

indicate that although, there was a slight decrease in levels of TCS, MTCS, and TCC from the 
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outfall to the mouth of the Creek, these chemicals bioaccumulated in algae from all sites up to 

three orders of magnitude the concentrations measured in water. 

            This work is a follow up study to look at the concentration of TCS, MTCS, TCC in 

surface water, sediment, and the clam C. fluminea from the same sites. C. fluminea are filter 

feeding bivalves, commonly found at Pecan Creek. These bivalves are sedentary organisms 

which inhabit the water-sediment interface (Marie et al. 2006) and therefore are exposed to 

environmental contaminants from multiple routes; contaminated sediments, contaminated food 

and water. C. fluminea also have very high filtration rates and are continuously exposed to low 

levels of these compounds. They serve as food for other organisms like fish and are eaten by 

humans in their natural range (Park et al. 2000). The purpose of this study was to determine field 

concentrations of these contaminants in surface water, sediment, and C. fluminea at four sites in 

a WWTP receiving stream Pecan Creek, at Denton Texas. 

 

Materials and Methods 

Sampling Sites 

          Most of the samples (water, sediment, and clams) were collected from Pecan Creek, the 

waste water effluent receiving stream for the city of Denton. A few samples were collected from 

a reference stream (Clear Creek) for quality control (QC) purposes. Site 1, upstream of the 

outfall was chosen as a reference site and Site 2 was below the outfall; where the water level was 

shallow enough to wade in it. Site 4 was at the mouth of the Creek, where it empties into Lake 

Lewisville and Site 3 was between Sites 2 and 4. Site 4 did not have C. fluminea but was 

included. 

           With the exception of the fourth site, all other sites were riffle areas; Site 4 was a pool 

area which sometimes had a negative flow. Sediment samples were collected from depositional 
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zones very close to the areas where water and C. fluminea samples were collected. These were 

the same sites used for a previous study from this laboratory; the GPS coordinates are listed in 

Coogan et al. (2007). 

 

Sample Collection 

          All samples were collected on the 12th of March 2010 from Pecan Creek. At each site, 

water samples (n = 5) were collected in amber glass bottles first, and then sediment samples were 

collected. Five sediment samples were collected from 0-6 inches of surface sediment in 

depositional areas. For the C. fluminea, samples were either hand-picked or picked from 

sediment that had been shoveled into a 1 X 2 m sieve wooden frame with a mesh size of 10 mm 

(Figure 4.1).  

At the sampling sites, clams were selected based on visual estimation of size, anything 

approximately bigger than 18 mm were kept; at that size, the soft tissue is close to 1 g. Clams 

used for this study were the ones with shell sizes ≥ 20 mm in length.  At Sites 2 and 3 most of the 

C. fluminea samples were hand-picked. Water and sediment samples were stored in an ice chest 

and transported to the laboratory, where they were maintained in a refrigerator at 4 °C. C. 

fluminea were place in containers with water from the site and transported to the laboratory. 

Once in the laboratory, these clams were depurated in reconstituted hard water for approximately 

36 hours. This was done so gut contents were cleared and contaminant concentrations were not 

over estimated. Samples were then frozen at -80 °C for later use. Ten samples from each site 

were analyzed for the chemicals MTCS, TCS, and TCC. 
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Sample Preparation 

Water 
 
           Water samples were poured into beakers for two hours to allow suspended particles to 

settle out.  The supernatant was then transferred into 1 liter amber bottles, 10 uL each of the 

internal standards, 13TCS, 13 MTCS and d7 TCC were added to all water samples. 

 

 

Figure 4.1 Wooden framed mesh with some used for sampling C. fluminea. 

 

Samples were then loaded onto HLB OASIS® C-18 cartridges (Figure 4.2). Prior to loading of 

the samples, the cartridges were conditioned with 5 mL methylene chloride, 5 mL methanol and 

5 mL MilliQ water.  

Cartridges were mounted on a manual PrepsepTM Vaccum manifold connected to a 

vacuum pump trap also connected to a Millipore® pump at a flow rate of about 5 mL/minute 

under positive pressure. After all samples had passed through the cartridges, they were air-dried 
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for one hour and then eluted with 15 mL of a mixture of methylene chloride and methanol at 

90:10 v/v. The eluate was then blown down in a RapidVap® nitrogen evaporator at 40 °C and 

reconstituted with 100 µL acetonitrile for TCC analysis on the liquid chromatography mass –

spectrometer (LC/MS). After TCC analysis samples were again blown to dryness, derivitized by 

adding 50 µL MSTFA, followed by 50 µL of acetonitrile and kept in an oven at 60 ºC for one 

hour. Samples were again blown to dryness and reconstituted in 100 µL of methylene chloride 

for TCS and MTCS analysis on the gas chromatography mass spectrometer (GC/MS). 

 

 

4.2 Extraction of 1-L water samples using C-18 SPE cartridges. 

 

Sediment 
 
          Each sample consisted of 5 g of air dried sediment to which 10 µL of the internal 

standards, 13TCS, 13 MTCS and d7 TCC were added, and 10 µL of 500 ppb spikes were added 
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spiked samples. After that 5 mL of milliQ water and 30 mL of 1: 1 hexane/ethyl acetate was 

added to the samples. Samples were vortexed for approximately 2 minutes and loaded on a rotor 

at 55 rpm for about 24 hours to ensure maximum extraction of the compounds of interest into the 

solvent. Samples were then vortexed for 1minute and centrifuged for 10 minutes at 2500 rpm, 

the supernatant was transferred into test tubes and blown down in a Rapidvap® at 40 ºC. 

Samples were subsequently reconstituted in 2 mL of 1:1 hexane/ethyl actetate and transferred 

into smaller vials and blown to dryness; samples were then reconstituted in 100 µL of 100% 

acetonitrile. The samples were split into two 50 µL portions; one part was analyzed for TCC on 

LC/MS. To the other 50 µL, 50 µL of MSTFA was added and derivitized at 60 ºC for one hour 

in an oven. Samples were blown down and then reconstituted in 50 uL of methylene chloride for 

TCS and MTCS analysis on the GC/MS. 

 

C. fluminea 

            Frozen clams were left to thaw at room temperature for approximately two hours. The 

soft tissue were separated from the shell, blotted dry with Kimwipes® and weighed. 

Approximately 1 g of sample was weighed, and placed into 50 mL centrifuge tubes, to this was 

added 5 mL of milliQ water. Then 10 µL each of the internal standards, 13TCS, 13 MTCS and d7 

TCC were added, for spiked samples 10 µL of the analytes MTCS, TCS and TCC at 500 ppb 

was also added. The whole clam tissue was homogenized using a tissue mixor (Model 98570, 

Biopec Products Inc.) and 30 mL of 1:1 v/v hexane/ethyl acetate was added to the homogenate. 

Samples were vortexed for 2 minutes to ensure thorough mixing and put on a rotor at 55 rpm 

overnight (~12 hrs). Two 20 mL rinses were done using 1:1 hexane/ ethyl acetate solvent. The 

supernatant was transferred into test tubes and evaporated to dryness. The next step was to 
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reduce the lipid content using modified lipid reduction methods in Hong et al. 2004 and Ahn et 

al. 2007; by basically freezing the lipid at out of solution. Dried samples were reconstituted in 

400 µL of 100% acetonitrile solution; two more 400 µL rinses were done and the solutions were 

transferred into a 2 ml micro-centrifuge tube.  The extract was then stored at -80 °C for 10 

minutes after which some lipids precipitated out at the bottom, the supernatant was transferred 

into GC vial and blown to dryness. This process removed at least 40% reduction in lipid content. 

           Sample processing continued using a Resprep® Florisil SPE cartridge (6 ml, 1000 mg bed 

load) for clean up to remove undesired compounds before instrument analyses. The cartridges 

were conditioned using 15 ml of a 9:1 hexane/acetone solution. Dried samples from the previous 

process was then reconstituted in 500 µl of hexane/ ethyl acetate and loaded on the cartridge. 

Two more rinses of 500 µl of hexane/ethyl acetate were also loaded on the cartridge. Cartridges 

were then left to dry and later eluted with 15 ml of 9:1 hexane/acetone. The eluate was 

evaporated to dryness and reconstituted with 100 ul of 100% acetonitrile. The samples were split 

into two, 50 µl portions. One set was analyzed for TCC and the other set was blown down and 50 

µl of MSTFA was added to it, followed by 50 µl of 100% acetonitrile and derivitized at 60 ºC for 

two hours. Samples were re-dried using nitrogen and reconstituted in 50ul of methylene chloride 

for TCS and MTCS analysis on the GC/MS. 

 

Statistical Analyses 

          Data were tested for normality using the Shapiro-Wilk test. All data were not different 

from a normal distribution and hence they were subsequently analyzed using a one way ANOVA 

(PROC GLM) procedure in SAS to test for differences among groups at an alpha (α) of 0.05. If 

there was a significant difference, a Student Newman Keul’s (SNK) post-hoc test was conducted 
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to determine which sites were different. All statistical analyses were performed using the SAS 

9.1 version ® (SAS institute Inc). Graphs plotted using Microsoft Excel 2007 software. Organic 

carbon (OC) was calculated by dividing the organic matter content by 1.734. Biota sediment 

accumulation factors (BSAFs) were calculated using the formula below (Burkhard 2009); 

BSAF=    Co/fl 
             Cs/fsoc 

Where: 

Co – Chemical concentration in organism (µg/Kg wet weight) 

 fl – Lipid fraction of the organism (g lipid/g wet weight) 

Cs – Chemical concentration in surficial sediment (µg/Kg dry weight) 

 Fsoc –Fraction of sediment as organic carbon (g organic carbon/g dry weight) 

 

 Results 

Water 

          Concentrations of all three contaminants at Site 1 and the reference Site (Clear Creek) 

were either below instrument detection or method detection limit. Overall, concentrations in 

water were very low at part per trillion levels with TCS being the most abundant followed by 

TCC and then MTCS. MTCS levels ranged from approximately 5-8% of the TCS levels at Sites 

2-4, whereas TCC levels were between 38- 66% of the TCS levels. Mean TCS concentrations 

were 0.063 µg/L at Site 2 (outfall) and increased to 0.093 µg/L at Site 3, and then decreased to 

0.070 µg/L at Site 4 (mouth of the Creek). TCS concentrations at Site 3 was statistically 

significantly higher than that for all the other sites, however, the concentrations at all the sites 

were significantly different from that of the control, Site 1 (Figure 4.3). This same pattern was 

observed for the MTCS concentrations which were 0.003 µg /L, 0.007 µg /L and 0.005 µg/L at 
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Sites; 2, 3, and 4 respectively. The mean MTCS levels at all sites were statistically significantly 

different from each (Figure 4.3). TCC concentrations were high at Site 2; 0.042 µg /L then 

decreased to 0.040 µg/L at Site 3, and further decreased to 0.027 µg/L at Site 4. The 

concentrations at Sites 2 and 3 were not significantly different from each other but were higher 

than at of Site 4, which was also significantly higher than that for Site 1 (Fig. 4.3).  

 

Sediment 

          Generally, sediment concentrations were about two to three orders of magnitude greater 

than the contaminant concentrations measured in surface water from the same sites. The overall 

trend was that concentrations of all three contaminants were low at Site1, and then slightly 

increased from Sites 2 to 3 with the highest concentrations at Site 4 (Figure 4.4). Concentrations 

were organic carbon normalized. MTCS sediment levels were 10.8, 19.2, 13.0, and 15.4 ng/g dry 

weight/OC at Sites 1, 2, 3, and 4 respectively; there were no statistical significant differences 

among all the sites (Figure 4.4). TCS concentrations were significantly higher at Site 4; 241 ng/g 

dry weight /OC compared to 141.4, 113.0 and 211.9 ng/g dry weight /OC at Sites 1-3 

respectively, levels measured at Sites 1 and 3 were significantly higher than at Site 2 (Figure 

4.4). Sediment TCC values were low at Site 1; 84.7 ng/g dry weight /OC and gradually increased 

from Sites 2-4; 171.7, 1018 and 838.7 ng/g dry weight/OC respectively. The average 

concentration at Site 3 was higher than at Site 4 (because of higher OC content at site 4) but not 

statistically different, both sites had levels that were significantly higher than that at Sites 1 and 

2.  

Low contaminant levels seen in the sediment, corresponded to very low organic matter 

content at all sites. Data from supplementary sediment analysis indicated that Sites 1-4, had 1.11, 
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1.50, 0.97 and 2.64% of organic matter respectively. The soils were mostly sandy soils with 

some gravel; average percent particle size greater than 2 mm, was 7.0, 13.7, 20.5 and 1.21 ng/g 

dry weight from Site 1-4 respectively. Using the Natural Resource Conservation (NRCS 2010) 

soil texture classification, results were: Site 1 had loamy sand, Sites 2 and Site 3 were sandy and 

Site 4 had silty loam soil. Site 4 had the highest amount of silt and clay particles compared to the 

other sites. The mean clay content was 17.1% at Site 4, compared to 1.9% for Site 1, 1.3% for 

Site 2 and 0.9% at Site 3. 

The mean silt content at Site 4 was 49.3%, and that for Sites 1-3 were 19.7, 8.4 and 5.0% 

respectively. Clear Creek had a sandy loam texture, with mean clay of 5.9%, silt 24.3% and sand 

69.8%. 

 

Corbicula fluminea 

          C. fluminea were only found at Sites 1-3 at Pecan Creek. Site 1, had very low 

concentrations for all the contaminants measured in the clams. MTCS concentrations in C. 

fluminea at Sites 2 and 3 were about five orders (or greater) of magnitude the concentrations 

found in the water and four orders of magnitude the concentrations found in the sediment. Mean 

MTCS level at Site 3; 2,224 ng/g, lipid basis was significantly higher than at Site 2; 1.642 ng/g, 

lipid basis and both sites had significantly higher concentrations than the mean concentrations at 

Site 1; 24 ng/g, lipid basis (Figure 4.6). The lipid based bioaccumulation factors for Sites 2 and 3 

were 601,255 and 295,255 respectively (Figure 4.6). Contaminant concentrations and BAFs are 

also given on wet weight basis in Table 4.1, because a lot of the data from literature is cited on 

wet weight basis. For C. fluminea the MTCS concentrations were higher than TCS 
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concentrations (Figure 4.5). No BAFs were calculated for any of the contaminants at Site 1 

because water levels measured were below the method detection limits. 

          TCS concentrations in C. fluminea were comparable at all three sites; there were no 

statistically significantly differences (Figure 4.6 and Table 4.2). The measured TCS 

concentration at Site 1 (control site) was 133 ng/g lipid basis; this site also had extremely low 

water TCS concentrations. TCS bioaccumulated in C. fluminea at Sites 2 and 3 below DWWTP. 

The measured TCS concentrations were three orders of magnitude higher than the concentrations 

found in water. TCS in C. fluminea was 134 and 111 ng/g lipid basis at Sites 2, and 3 

respectively, compared to the mean water concentrations at these sites; this corresponds to lipid 

based accumulation factors of 2096 at Site 2, 1197 at Site 3 (Figures 4.5 & 4.6). Accumulation 

factors on wet weight basis were extremely low compared to the MTCS and TCC concentrations 

at these sites; they were 52 and 58 for Sites 2 and 3 respectively (Table 4.1). This was initially 

thought, to be due to errors in the sample clean–up process so two other methods validated in this 

laboratory were used (bead–beating and filtration method, and sohxlet-GPC extraction methods) 

and both of them confirmed the low concentrations in the levels of TCS in C. fluminea although 

spiked samples and other QC data had good recovery rates.  
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  Figure 4.3 Methyl triclosan, triclosan, and triclocarban concentrations  ± SD (µg/L) at the outfall of Denton WWTP (site 2) and two 
                    other downstream sites of Pecan Creek, Denton,TX. For each compound means (n=5) with different letters are 
                    statistically significantly different from each other (ANOVA, p<0.0001). Data for site 1 was excluded because they 
                    were below the method detection limit. 
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Figure 4.4 Methyl triclosan, triclosan, and triclocarban concentrations ± SD (ng/L) in sediment from upstream (site 1),  
                  outfall of Denton WWTP (site 2) and two other downstream sites of Pecan Creek, Denton, TX.  
                  Concentratations have been organic carbon normalized (OC). For each  chemical means (n=5) with different 
                  letters are statistically significantly different from each other  (ANOVA, p=0.13, 0.027& <0.001 for MTCS,  
                 TCS and TCC respectively). 
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TCC was the most accumulated contaminant; at all sites of Pecan Creek. The mean 

concentration at Site 3 was 55231 ng/g, lipid basis, this was higher but not significantly different 

from that at Site 2; 4610 ng/g, lipid basis, however, both of them were significantly higher than 

concentrations at Site 1; 126 ng/g (Figures 4.5 & 4.6). The TCC concentrations were over two 

times the MTCS concentrations in C. fluminea and up 47 times the TCS concentrations. The 

BAFs were 122,937 and 131,478 on lipid basis for Sites 2 and 3 respectively. These up five 

orders of magnitude the concentrations found in water.   

BSAF values based on (lipid /OC basis) were higher at site 2 than at Site 3.They were  

48.82 at site 2, and 33.73 at site 3 for MTCS, 6.97 and 1.07 for TCC at Sites 2 and 3 

respectively. The TCS values for both Sites were below 1. BAF were higher than BSAFs. 

 
 
Table 4.1 Concentration of methyl triclosan (MTCS), triclosan (TCS) and triclocarban 

    on wet weight basis in C. fluminea at an upstream site (1) , outfall of DWWTP 
    (Site 2) and a downstream Site (3) at Pecan Creek, Denton , TX. 
 

Variable  SITES MTCS (ng/g) TCS (ng/g) TCC (ng/g) 

C. fluminea 1 1.2 4.5 4.6 

(wet weight) 2 61.0 4.9 168.7 

 3 81.0 4.0 187.1 

BAF 

(wet weight) 

 

1 

2 

3 

 

− 

8717 

16206 

 

− 

52 

58 

 

− 

4218 

6930 

−: water levels at Site 1 were below method detection limit 
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Figure 4.5 Methyl triclosan, triclosan, and triclocarban concentrations ± SD (ng/L) in C. fluminea 
                  from upstream (site 1), outfall of Denton WWTP (site 2) and two other downstream sites  
                  of Pecan Creek, Denton, TX. For each compound means (n =10) with different letters are  
                  statistically significantly different from each other (ANOVA, p:<0.0001, 0.64 & <0.0001 
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  Figure 4.6 Lipid based bioaccumulation factors (BAF) of methyl triclosan (MTCS), triclosan 
                   (TCS) and triclocarban (TCC) in C. fluminea at outfall of DWWTP (2) and Site (3) of  
                   Pecan Creek, Denton, TX. Accumulation factors calculated based on water concentrations 
                   at these sites. 
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Discussion 
 
           Measured contaminant concentrations in water were extremely low at parts per trillion 

levels. Mean MTCS, TCS, and TCC levels were: 3-7 ng/L, 63-90 ng/L and 27- 42 ng/L 

respectively. MTCS levels were 12 – 21% of TCS levels. MTCS and TCC levels were generally 

lower than levels measured in the Coogan et al. (2007), on the other hand, TCS values were 

comparatively higher. Although samples for both studies were taken from the same sites, Coogan 

et al. collected samples in early September, whereas samples for this study were collected on the 

12th of March. Waltman et al. (2006) found that there were seasonal variations in TCS water 

concentrations at this WWTP. Boyd et al. (2004) data also found variation at the same sites for 

samples collected from February to July; concentrations measured ranged from non-detects , to a 

low measured concentration of 1.6 ng/L up to a concentration of 29 ng/L (data from different 
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Figure 4.7 Biota sediment accumulation factors, (BSAF) of methyl Triclosan(MTCS), triclosan 
                 (TCS) and triclocarban (TCC) in C. fluminea at outfall (site 2) and downstream site (3) 
                 of Pecan Creek, Denton, TX. Accumulation factors normalized for organic carbon and 
                   lipid contents. 
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sites). Their levels overlap with the levels in this study and higher levels measured here might be 

due to the fact that Pecan Creek is an effluent dominant stream. Mean levels in this study are 

within the range of the levels measured by Singer et al. (2002); 11-98 ng/L.  Lindstrom et al. 

(2002) also detected TCS concentrations of < 0.4 up to 74 ng/L and MTCs concentrations of < 

0.4 to 2ng/L in Swiss waters. The measured values are comparable to the ones reported in Kolpin 

et al. (2002), they reported TCS levels of 50 ng/L with a maximum value of 2300 ng/L. The 

lowest concentration of MTCS is higher than the < than 0.02 ng/L concentration of MTCS 

estimated in the Balmer et al. (2004) study. Mean TCC levels were lower than that of 1765 ng/L 

reported for the Greater Baltimore region by Halden and Paull (2005).    

         Sediment concentrations of all the contaminants were higher than water concentrations but 

lower than the levels in C. fluminea except for TCS; mean TCS levels in the sediment were 

comparable to the levels in C. fluminea. With the exception of samples from Site 1, TCC levels 

in sediment were consistently higher than TCS levels; the highest TCC: TCS approximately 5:1.  

This trend is consistent with Miller et al. (2008) studies on estuarine sediments; they 

found that  regardless of the sediment type, sediment depth, sampling site or sediment age, TCC 

was always more abundant that TCS. The concentrations measured were < 50 ng/g (limit of 

quantification) to 800 ± 10 ng/g of TCS and for TCC 700- 1600 ng/g dry weight. Miller et al. 

(2008) state that the ratio of TCC: TCS in sediment was 14:1 compared to 2:1 in water from 

previous studies at one of their sites; they explained that variation in persistence in sediment was 

likely due to differences in the physiochemical properties of TCS and TCC. Singer et al. (2002) 

reported average TCS concentration of 37 ng/g of dry matter and estimated that the MTCS 

sediment concentration should be about 5% that of the TCS levels this was based on the ratio of 
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TCS: MTCS in surface water. This estimation was well within the range for this study; the 

MTCS levels in sediment were about 3.1- 7.0% of the TCS levels.  

 For benthic invertebrates the expected BSAF range of 1-2, the assumption is that 

equilibrium condition has been reached and there is no metabolism of the chemical Wong et al. 

2001). Under these conditions BSAF is equal to the partitioning relationship of the chemical 

between organic carbon in the sediment and lipids of the organism (Burkard 2009). BSAF for 

TCS was less than 1 for Sites 2 and 3, 1.07 for Site 3 for TCC and 6.97 for Site 2. BSAF values 

for MTCS were greater than 33 for both Sites 2 and 3. Wong et al. 2001 working with Corbicula 

and fish samples showed variations in BSAF values for hydrophobic organic compounds, they 

also state that higher BSAF values observed in the field is likely due to violations in the 

assumptions of BSAF. In such cases biomagnifications of metabolites could be an important 

process influencing partitioning behavior of compounds. 

          Although, sediments act as a carbon sink, measured sediment concentrations in this study 

were lower than expected. This could be due to the fact that Sites 1-3 had sandy soils with very 

little clay or silt and organic matter. Only Site 4 the mouth of the creek had relatively higher silt 

content and a correspondingly higher organic matter and this corresponds to higher levels for 

MTCS and TCS. Another factor which could have led to low levels of these contaminants in the 

sediment is the high flow rates at Sites 1-3 compared to, Site 4 which was stagnant. High flow 

rates can lead to constant washing of depositional zones and these get accumulated in the pools 

within the stream (Lorang and Hauer 2007). Therefore, pool areas within the same stream, are 

likely to have higher contaminant concentrations than riffle areas. Several times during routine 

checks on the in situ cages or out sampling, flow direction at the sampling site had changed 

especially after rains when the debris in Pecan Creek increased. 
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           Though emerging contaminants are at low concentrations when released into the 

environment, they have the potential to accumulate in some aquatic organisms. Comparing data 

from the current study with that from Coogan et al. (2007), accumulation patterns for all 

contaminants except for TCS are the same for both algae and the clam C. fluminea, TCC was the 

most accumulated contaminant. BAFs (wet weight) for TCS in the current study was 52- 58, 

compared with 900- 2100 in algae in Coogan et al. (2007) and 44-740 in tadpoles in Palenski et 

al. (2010). BAFs (wet weight) of MTCS and TCC were 8717- 16206, and 4218- 6930 

respectively compared to BAFs (wet weight) of 1600-2700, and 700-1500 for MTCS and TCC 

respectively in Coogan et al. (2007). Clean snail Helisoma trivolis, exposed at WTTP outfall 

(Coogan & La Point 2008) had BAFs of 1200, 500, and 1600 of MTCS, TCS, and TCC.  As with 

their earlier study, TCS was the least accumulated, but the concentrations measured were about 

10 times that measured in this study.  

          Lindstrom et al. (2002) using SPMDs measured MTCS levels of 33 ng/g  compared to 61-

81 ng/g at downstream sites in this study, Using the SPMDs they also calculated very low levels 

of TCS; <1 ng/g in Lake Greifensen. Balmer et al. (2004) report maximum MTCS concentrations 

of 35 ng/g (wet weight) and 365 ng/g (lipid weight) in fish from different lakes, this is much 

lower than the MTCS levels of 61-81ng/g (wet weight) and 8717- 16,206 ng/g (lipid weight) 

reported in this study. Boehmer et al. (2004) also measured higher MTCS levels compared to 

TCS levels in fish, the MTCS in fish from five rivers sampled ranged from 1.0-26.1 ng/g and 

TCS levels from < 0.2 – 0.9 ng/g ( wet weight). 

           For TCS, the accumulation trend for algae was the highest, followed by the mollusks, and 

lowest in fish. This is likely due to more sophisticated excretory systems in fish compared to that 

in mollusks which is also more complex than in algae. Matsumura (1987) indicated that in 
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general, animals have well developed detoxification systems that actively excrete metabolites 

and different species exhibited different capabilities, comparatively plants do not actively excrete 

metabolic waste and are likely to store contaminants for a longer time. Willet et al. (2000) 

concluded that differences in some enzyme activities in phase II conjugation in the liver, results 

in more cancerous tumors in bullhead catfish compared to channel catfish exposed to the same 

levels of benzo (a) pyrene in the Hudson River. Differential accumulation of TCS in mollusks 

could point to several possibilities. This might be because C. fluminea are not taking up TCS 

from the environment to begin with or because their excretory systems might be eliminating it 

faster due of higher filtration rates. MTCS levels were comparable for both algae and bivalves, 

MTCS concentrations from the other studies discussed above are about half the levels in fish, 

indicating that MTCS is much more persistent than TCS.  TCC levels in mollusks corresponded 

to the lower levels measured in algae. 

 

Conclusions 
 
          Based on what was measured at Pecan Creek, in areas with low flow and soils with higher 

organic matter content, higher accumulation of TCS, MTCS and TCC in the sediment is likely to 

occur. This could also be true for lentic systems or lotic systems with high suspended solids.  

Sediments and C. fluminea were not aged in this study and it is difficult to tell how long they had 

been exposed to contaminants from effluent water from Denton WWTP. However, these clams 

were adults. Phelps (2001) collected C. fluminea with shell lengths between 20-22mm, and 

placed them in the 1year age group; all clams used for this study had shell lengths ≥20mm. C. 

fluminea, was chosen for this study because of its sedentary nature and the likelihood of being 

exposed to these chemicals from multiple sources; their diet, from burrowing in the sediment, 
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and surface and pore water. Because of these exposures C. fluminea is likely to have one of the 

highest accumulation levels in the aquatic environments. Only water concentrations were used to 

calculate BAF levels but there could be significant contributions from the sediment and food. 

BSAF values were for MTCS far exceeded the empirical values in literature. 

           This study found that C. fluminea accumulated triclocarban and methyl triclosan, and to a 

lesser extent, triclosan from the outfall and downstream sites of Pecan Creek, a receiving stream 

for Denton WWTP. Concentrations of methyl triclosan and triclocarban were generally lower 

than concentrations measured in algae from the same sites at that Creek. Triclosan did not 

significantly accumulate in C. fluminea from upstream or downstream sites this was not 

expected; the hypothesis was that the concentrations would be higher at the outfall and 

downstream sites compared to the upstream site. Comparing data with an earlier study we 

concluded that for Mollusca, there was differential accumulation in TCS, but not MTCS and 

TCC. This indicates that lipid content alone cannot be used to model accumulation of certain 

compounds in the environment. Although the sediment acts as a sink for these antimicrobials, 

antimicrobial accumulation in C. fluminea was higher than the levels measured in sediment.  

There did not seem to be biomagnification of these contaminants in C. fluminea. There is a need 

for more research to further explain observations made in this paper, and also give us an idea of 

how these antimicrobials accumulate temporally. 

References 
 
Balmer, M.E., Poiger, T., Doiz, C., Ramanin , K., Bergqvist, P., Muller, M. D. and Buser, H. 

2004. Occurrence of methyl triclosan, a transformation product of bactericide triclosan in 
fish from various lakes in Switzerland. Environmental Science and Technology 38:390- 
395. 

 
Boehmer, W., Ruedel, H., Wenzel, A., and Kermani, C.S. 2004. Retrospective monitoring of  
 triclosan and methyl triclosan in fish from the German  Environmental specimen bank.  
 Organohalogen compounds 66:1516-1521. 



76 

 
Boyd, G. R., Jordan, M. P., Zhang, S., and D. A. Grimm. 2004.Pharmaceuticals and personal  
 care products (PPCPs) and endocrine disrupting chemicals (EDCs) in stormwater canals 

 and Bayou St. John in New Orleans, Louisiana, USA. Science of the Total Environment,  
333:137-148. 
 

Burkhard, L. 2009. Estimation of Biota Sediment Accumulation Factor (BSAF) from Paired  
 Observations of Chemical Concentrations in Biota and Sediment. U.S. Environmental  
 Protection Agency, Ecological Risk Assessment Support Center, Cincinnati, OH. 

 EPA/600/R-06/047.  
 

City of Denton. Population: State and federal estimates. Accessed on 09/2010. 
http://www.dentonedp.com/business_location/demographics_data_population.asp.  

 
City of Dallas. Demographics. Accessed 09/2010. 
  http://www.dallas-ecodev.org/resources/demographics/index.htm 
        
Coogan, M.A., Edziyie, R.E., La Point, T.W. and B.J. Venables. 2007. Algal bioaccumulation of  
 antimicrobials in a north Texas waste water treatment plant receiving stream 

Chemosphere 67(10):1911-1918. 
 
Coogan, M.A. and T.W. La Point, 2008. Snail bioaccumulation of triclocarban, triclosan, and  
 methyl-triclosan in a north Texas, USA, stream affected by wastewater treatment plant  
 runoff. Environmental Toxicology and Chemistry 27(8):1788-1793. 

 
Halden, R.U. and D.H. Paull. 2005. Co-occurrence of triclocarban and triclosan in U.S. water  
 resources. Environmental Science and Technology, 39:1420-1426. 
 
Hemming, J.M., Waller, W.T., Chow M.C., Denslow, N.D., and Venables B. 2001. Assessment  
 of the estrogenicity and toxicity of a domestic wastewater effluent  flowing through a 

constructed wetland system using biomarkers in  male fathead minnows (Pimephales  
promelas Rafinesque, 1820) Environ Toxicol Chem., 20: 2268-2275. 
 

Kolpin, D.W., E.T. Furlong, M.T. Meyer, E.M. Thurman, S.D. Zaugg, L.B. Barber, and H.T.  
 Buxton, 2002. Pharmaceuticals, hormones, and other organic wastewater contaminants in 

U.S. streams, 1999-2000: A national reconnaissance. Environmental Science and  
Technology 36(6):1202-1211. 
 

Lindstrom, A. Buerge, I. Z., Poiger, T., Bergqvist, P., Muller, M. D. and H. Buser. 2002. 
        Occurrence and environmental behavior of the bactericide triclosan and its methyl  
 derivative in surface waters and waste water. Environmental Science and Technology  
 36(11):2322-2329. 
 
Lorang, M.S. and F.R. Hauer. 2007. Fluvial geomorphic processes. Pages 145-168 in F.R. Hauer 

 and G.A. Lamberti, editors. Methods in stream ecology, 2nd edition. Academic Press,  
MA, USA.  

 

http://www.dallas-ecodev.org/resources/demographics/index.htm


77 

Marie, V., Baudrimont ,M., and A. Boudou . 2006.Cadmium and zinc bioaccumulation and 
 metallothionein response in two freshwater bivalves (Corbicula fluminea and Dreissena 
 polymorpha) transplanted along a polymetallic gradient. Chemosphere, 65:609-617. 
 

Matsumara, F. 1987. Comparative metabolism of mixtures of chemicals by animals, plants, and  
 microorganisms and their significance in alteration of pollutants in the environment. In 

methods for assessing the effects of mixtures of chemicals. Eds V. B. Vouk, G. C. Butler,  
A. C. Upton, D. V. Parke and S. C. Asher. 

 
Miller T.R., Heidler J., Chillrud S.N., Delaquil A., Ritchie J.C., Mihalic J.N., Bopp R., Halden 

 R.U.  2008. Fate of triclosan and evidence for reductive dechlorination of  triclocarban in  
estuarine sediments. Environ Sci. Technol. 42:4570–4576. 

 
Natural Resource Conservation Service, of the United States Department of Agriculture. Soil 

 texture calculator. Date assessed: May, 23rd 2010 
http://soils.usda.gov/technical/aids/investigations/texture/.  
 

Park,G-B., Yong, T-S., IM, K-I., and E-Y. Chung. 2000. Karyotypes of three species of  
Corbicula ( Bivalvia:Veneroida) in Korea. Journal of Shell Fish Research, 19 (2):979- 
982. 

 
Pelanski, N. M., Gopinath C, N., and E. M. Dzialowski. 2010.Physiological effects and 

bioconcentration of triclosan on amphibian larvae. Comparative Biochemistry and 
Physiology, Part C 152: 232–240. 

 
 Phelps, H.L. 2001. Biomonitoring Anacostia River Pollutants with the Asiatic Clam (Corbicula  
 fluminea): Possible effects of dredging.  Final Technical Report to The District of  
 Columbia Water Resources Research Center,13pp. 

 
Singer, H., Muller, C, Tixier, C., and L. Pillonel. Triclosan: Occurrence and fate of a widely used  
 biocide in the aquatic environment: Field measurements in wastewater treatment plants, 

surface waters and lake sediments. Environmental Science and Technology, 36 (3): 
4998-5004. 

 
Waltman, E. L., Venables, B. J. and W. T. Waller .2006. Triclosan in a North Texas waste water  
 treatment plant and the influent and effluent of an experimental constructed wetland. 

 Environmental Toxicology and Chemistry, 25(2):112-117. 
 

Willet, K.L., Cardinal, P.R., Lienesch, L.A. and R.T. Di Giulio. 2000. Comparative 
metabolism and excretion of benzo(a) pyrene in 2 species of Ictalurid catfish.  
Toxicological Sciences, 58:68-76. 

http://soils.usda.gov/technical/aids/investigations/texture/


78 

CHAPTER 5 
 

 IN SITU BIOACCUMULATION STUDIES OF TRICLOSAN, METHYL TRICLOSAN AND 
TRICLOCARBAN IN Corbicula fluminea AT PECAN CREEK, A WASTE WATER 

EFFLUENT STREAM IN DENTON, TX. 

Introduction 

           Several antimicrobials have been detected and quantified in effluent water from waste 

water treatment plants (WWTPs) and the receiving streams into which the effluent water flows in 

many watersheds (Kolpin et al., 2002, Boehmer et al., 2004, Coogan et al. 2007). The most 

common of these antimicrobials are triclosan and triclocarban which have been found to co-

occur in effluent receiving streams (Halden and Paull 2005). Triclosan (TCS) is an antimicrobial 

agent found in pharmaceuticals and personal care products or PPCPS and also labeled for non-

human use as antimicrobial agent regulated by the United States Environmental Protection 

Agency (USEPA 2008), its transformation product methyl triclosan (MTCS) has been detected 

in effluent water and biota collected downstream WWTPs (Balmer et al. 2004, Coogan et al 

2007, Lieker et al. 2009).Triclocarban(TCC) is also used as an antimicrobial agent but it is used 

only in Personal Care Products (PCPs) and has been in use much longer than triclosan (Paull & 

Halden 2005). Measured TCC concentrations in the laboratory and the environment have been in 

most studies higher than the TCS concentrations (Paull & Halden 2005, Higgins et al. 2009, & 

Coogan et al. 2007). Although, substantial data has been gathered on TCS, there are very few 

studies that have been done on TCC and MTCS.  

          Over the last decade, our understanding of where these antimicrobials are and how much 

can be found has improved, but not much research has been done on quantifying uptake from 

different environmental compartments. Understanding uptake and depuration of antimicrobials 

and their degradation products is the next logical step and might be useful in the removal of these 

substances where they may cause undesirable effects. A few studies have looked at uptake of 
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methyl triclosan, triclosan, and triclocarban in biota, under realistic field conditions (Mizayaki et 

al. 1984, Balmer et al. 2004, Boehmer et al. 2004, Coogan et al. 2007). While these organisms 

have resided in the habitats sampled and their ages can be estimated to some degree; it is still 

difficult to quantify exposure to contaminants. Some in situ studies have been conducted but 

time of exposure has been relatively short and tissue samples from these organisms have been 

analyzed at the end of exposure period and not at regular intervals. This makes it difficult to 

determine the rate of accumulation of these chemicals and also how fast the uptake rates are and 

when these chemicals reach steady states in the organisms. 

          In situ bioaccumulation tests are a desirable form of environmental investigation because 

they occur under realistic field conditions and at the same time there is some measure of control 

on the test organisms. In situ tests using caged organisms, provides unique information that is 

lacking in traditional tests and when resident organisms in the ecosystem of interest are used, the 

results are much more applicable and useful (Burton et al. 2005). In situ tests also allow 

researchers to look at the rate of uptake and depuration of compounds under environmental 

conditions. Under realistic environmental conditions, the endpoints determined are much more 

useful in dealing with similar sites. This can also be a disadvantage in certain cases because the 

results from such experiments are site-specific, due to specific environmental conditions like 

water and soil chemistry, and microbial activity (Burton et al. 2005). Chemical uptake data in in 

situ studies can also be compared with effects data e.g. growth rate over a specified time. 

      Very few studies have focused on benthic invertebrates in spite of their essential roles in 

aquatic food webs and their relatively sedentary nature which creates a condition of continual 

exposure to contaminants (Dussault et al. 2008). Corbicula fluminea as previously discussed can 

be important in terms of total biomass and function in ecosystems in which they reside. These 
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clams have invaded several U.S. streams, can withstand adverse conditions, and have has been 

found in very high quantities in several streams. They are excellent filter feeders and can filter 

anywhere from 0.5 – 1 L of water per hour. C. fluminea has it’s habitat in the sediment but are 

predominantly filter feeders (Vaughn & Hakenkamp 2001) and therefore exposed to 

contaminants in the water column, through the food web and also from the sediment (Dussault 

2008). C. fluminea are also deposit feeders and can switch between filter feeding and deposit 

feeding depending on the availability of food. They can burrow into the sediment and be buried 

for extended periods of times, sometimes extending only their filtering apparatus above the 

sediment for exchange of water and materials. Their burrowing greatly impacts benthic processes 

in the sediment (Vaughn & Hakenkamp 2001). Additionally, its sedentary nature makes it good 

candidate for bioaccumulation studies. 

           The overall aim of the in situ study was to quantify uptake of MTCS, TCS and TCC 

concentrations in clean (collected from the reference site) clams exposed to effluent water at the 

outfall of DWWTP (where it flows into Pecan Creek) over a 28-day period and also measure 

depurations rates over a 14 day period. The objectives were to: 

1. Calculate the uptake concentrations and bioaccumulation factors (BAFs) on days 1, 3, 7, 14, 

and 28, and also the depuration rates in ‘clean’ water at the upstream site on days 7 and 14. 

2. Look at multiple year/ season data on water concentrations from Sites 1-4 of Pecan Creek. 

3. Determine the effectiveness of the lipid freezing step added on to the clean-up procedure.  
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Materials and Methods 

Sample Collection 

Clams          

Prior to starting this study, samples were collected from the Clear Creek, the reference 

site to test for the presence of MTCS, TCS, and TCC. All chemicals measured were below 

detection limits or below instrument calibration. C. fluminea samples were collected on May 

17th, 2010, from a reference stream Clear Creek in Denton, Texas. Over a hundred organisms 

were collected from the field by shoveling surface sediments into a 1 X 2 m  wooden framed net 

with mesh size greater than 10mm. Samples were transported in water from the creek to the 

laboratory. At the laboratory, samples were depurated for two days in reconstituted hard water 

(RHW) to purge out the gut contents. RHW was prepared following recommendations in APHA 

(2005). Samples used for this study had shell lengths greater than 16.5 mm. Shell length and total 

weights of the clams were taken before deployment and clams were marked for easy 

identification. 

Multi-year water collection.  The site of deployment was the outfall of Denton, Waste 

Water Treatment Plant (DWWTP), which is Site 2 for the field studies. Several years worth of 

data on water concentrations of MTCS , TCS, and TCC from this site and three other sites at 

Pecan Creek was available; two sampling times in 2005 (April and September ), December 2008, 

and March 2010. For TCC the only data available was for September 2005 and March 2010. 

 

 

Experimental Design 

           To determine uptake, samples were deployed in Pecan Creek, a waste water receiving 

stream in Denton, TX, just below the outfall of DWWTP, where flow was not too fast and 
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turbulent but representative of flow conditions in the stream. Cages (modified minnow traps) 

were 1m long and 0.30 m in diameter, with a mesh size of 5 mm (Figure 5.1). The cages had an 

easy lock mechanism (a clamp) that enabled easy sample collection without having to take the 

clams or cages out of the water. Cages were then secured by tying the lock to a heavy brick with 

holes in it, using metal re-bars these bricks were secured by driving the re-bars into the stream 

bottom. Cages were set up on gravel areas with the cages lying just on the surface of the 

sediment, organisms were completely submerged but the whole cage was not. Mesh size used in 

cages allowed adequate flow of water, ensuring constant supply of well oxygenated water and 

food for the clams. Cages were cleaned at least once a week in the field to removes any debris 

that had been trapped and also allow adequate flow of water through the cages. 

           

 
           

Figure 5.1  Cage with “clean” C. fluminea from Clear Creek, deployed at the outfall of 
                   DWWTP at Pecan Creek. 
 

          After 28 days at the outfall, the cages were removed and re-deployed at the upstream site 

of Pecan Creek. Data from previous work indicates that this site had consistently low levels of 

MTCS, TCS and TCC. Cages were secured using the methods described above. Clams were in 
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the outfall site for 28 days and then deployed at the upstream site for 14 days. Seven individual 

clams were taken at days 1, 3, 7, 14, and 28 after deployment at the outfall and on days seven 

and fourteen after being left to depurate at the upstream sites. 

 

Sample Processing 

 Water Samples 
 

Water processing has been very consistent from the years 2005 – 2010, with the 

exception of the addition of 50 µL of MSTFA to the 2010 samples to improve detection. 

Samples were taken in amber bottles in the field and transported to the laboratory in coolers at 4 

°C. Samples were then stored at 4 °C until they are processed. The collected water samples were 

poured into beakers for two hours to allow suspended particles to settle out.  The supernatant was 

then transferred into 1 liter amber bottles, 10uL each of the internal standards, 13TCS, 13 MTCS 

and d7 TCC were added to all the water samples. Samples were then loaded onto HLB OASIS® 

C-18 cartridges; prior to loading of the samples, the cartridges were conditioned with 5 mL 

methylene chloride, 5 mL methanol and 5 mL MilliQ water. The samples were loaded on 

cartridges mounted on a manual PrepsepTM Vaccum manifold connected to a vacuum pump trap 

also connected to a Millipore® pump at a flow rate of about 5 mL/minute under positive 

pressure.  

After all the samples had passed through the cartridges, they were air-dried for one hour 

and then eluted with 15mL of a mixture of methylene chloride and methanol at 90:10 v/v. The 

eluate was then blown down in a RapidVap® nitrogen evaporator at 40 °C and reconstituted with 

100µL acetonitrile for TCC analysis on the liquid chromatography mass Spectrometer (LC/MS). 

After TCC analysis samples were  again blown to dryness, derivitized by adding 50 µL MSTFA, 
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followed by 50 µL of acetonitrile and kept in an oven at 60 ºC for one hour. Samples were again 

blown to dryness and reconstituted in 100 µL of methylene chloride for TCS and MTCS analysis 

on the gas chromatography mass spectrometer (GC/MS). 

 
C. fluminea 

  At each sampling period, the samples harvested were placed in RHW water and allowed 

to depurate for 24 hrs. Shell lengths and weight were than taken and samples were placed in 

aluminum foils and frozen at -20 °C. Previously depurated and frozen clams were left to thaw at 

room temperature for about two hours. The soft tissue were separated from the shell, blotted dry 

with Kimwipes® and weighed. Approximately 0.5-1 g of sample was weighed, and placed into 

50 mL centrifuge tubes, to this was added 5 mL of milliQ water. Then 10 µL each of the internal 

standards, 13TCS, 13 MTCS and d7 TCC were added, for spiked samples 10 µL of the analytes 

MTCS, TCS and TCC at 500ppb was also added.  

The whole clam tissue was homogenized using a tissue mixor (Model 98570, Biopec 

products Inc.) and 30 mL of 1:1 hexane/ethyl acetate was added to the homogenate. Samples 

were vortexed for 2 minutes to ensure thorough mixing and put on a rotor at 55 rpm overnight 

(~12 hrs). Two 20 mL rinses were done using 1:1 hexane/ethyl acetate solvent. The supernatant 

was transferred into test tubes and evaporated to dryness. The next step was to reduce the lipid 

content using modified lipid reduction methods in Hong et al. 2004 and Ahn et al. 2007; by 

basically freezing the lipid at out of solution. Dried samples were reconstituted in 400 µL of 

100% acetonitrile solution; two more 400 µL rinses were done and the solutions were transferred 

into a 2 ml micro-centrifuge tube.  The extract was then stored at -80 °C for 10 minutes after 

which some lipids precipitated out at the bottom, the supernatant was transferred into GC vial 

and blown to dryness. This process removed at least 40% reduction in lipid content. 
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           Sample processing continued using a Resprep® Florisil SPE cartridge (6ml, 1000mg bed 

load) for clean up to remove undesired compounds before instrument analyses. The cartridges 

were conditioned using 15 ml of a 9:1 hexane/acetone solution. Dried samples from the previous 

process was then reconstituted in 500 µl of hexane/ ethyl acetate and loaded on the cartridge. 

Two more rinses of 500 µl of hexane/ethyl acetate were also loaded on the cartridge. Cartridges 

were then left to dry and later eluted with 15 ml of 9:1 hexane/acetone. The eluate was 

evaporated to dryness and reconstituted with 100 ul of 100% acetonitrile. The samples were split 

into two, 50 µl portions. One set was analyzed for TCC and the other set was blown down and 50 

µl of MSTFA was added to it, followed by 50 µl of 100% acetonitrile and derivitized at 60 ºC for 

two hours. Samples were re-dried using nitrogen and reconstituted in 50 ul of methylene chloride 

for TCS and MTCS analysis on the GC-MS. 

 

Effectiveness of Lipid Freezing Technique 

After extraction of the compounds of interest, solvents were blown down to dryness 

under nitrogen. The crude lipid weights of samples were taken and then samples were re-

constituted in 100% acetonitrile, put into micro-centrifuge tubes which were placed in a -80 ºC 

freezer for 10 minutes. Samples were then centrifuged and the supernatant, blown down to 

dryness after which crude lipid weights were re-taken. The percent change in lipid weights were 

calculated for individual samples. 

 

Instrument Analyses 

Instrument analyses followed procedures described in Chapter 3. TCC samples were 

analyzed on LC/MS and TCS and MTCS samples on GC/MS. 
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Data Analyses 

Statistical Analyses 

           Data were analyzed for normality using Shapiro Wilk test. Data were not normally 

distributed. For each chemical, Kruskal Wallis tests were performed to test for differences in 

concentrations among the different sampling days at an alpha level of 0.05. If data was 

statistically significantly different among the groups, a post hoc test was done to test for which 

days had concentrations that differed from the others. 

 

 

Survival, Growth, and Bioaccumulation 
 
          Shell length and total lengths of individual organisms were measured before and after 

deployment. Plots of shell length, and total length before and after deployments were used to 

track changes or lack thereof in the organisms over time. Survival rate for the whole period was 

calculated using the equation below: 

 

Survival rate =     Number of dead organisms      * 100 

                       Total number of organisms deployed 

 
 

Although organisms get exposed from multiple sources bioaccumulation factor (BAF) is 

calculated accounting for exposure to only aqueous concentrations: 

 

BAF =    [Measured concentration in clams]_ 

        [Measured concentration in water] 
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Uptake and depuration rates were estimated using a SAS program designed to calculating these 

constants when the curves for uptake and depuration are non-linear (Nallani 2010). Water 

concentrations measured at these sites were also inputted into the program to determine these 

constants. 

 

BAFkinetic = k1/ k2    

  Where 

K1 is the uptake rate constant 

K2 is the depuration rate constant 

 

Results 
 
          MTCS water concentrations were comparable for samples taken in April 2005, December 

2008 and March 2010, levels measured in September, 2005 were higher from Sites 2-4 of Pecan 

Creek but not at Site 1, the upstream site (Figure 5.2). The concentrations measured in March 

2010 and used in calculating BAFs for clams in this study, were the lowest levels for all years. 

TCS concentrations in March, 2010 were comparable to that at Site 1 for all years, 

concentrations at Site 2 were comparable in April 2005 and March 2010, and TCS levels for 

September 2005 were close to that from December 2008 (Figure 5.3). The highest TCS 

concentrations were measured at Site 3 & 4 in March 2010 and the lowest measure 

concentrations at Sites 3&4 were in December, 2008 (Figure 5.3). With the exception of Site 1 

which had comparable concentrations, TCC levels measured were higher from Sites 2-4 in 

September, 2005 compared to levels in March, 2008 (Figure 5.4).  Generally, concentrations of 

all three chemicals followed this trend:         

          September > December & April > March 
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C. fluminea lengths were highly related to total weights with and r2 of 0.98 (Figure 5.5). 

Clam survival in the field was 88.5%.  Shell length increased for each sampling day, however, 

this were no drastic increases in shell length; the highest change of 0.2mm was in those 

organisms harvested at the end of 28 days (Figure 5.6). The most obvious measure of growth was 

the change in total weights of the clams; clams increased in weight from 0.02 g on day 1 to 0.20 

g at day 28 (Figure 5.7). All organisms sampled at different days had increased in total weight. 
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Figure 5. 2 Multi-year/multi-season mean ± SD methyl triclosan (MTCS) water concentrations  
                   (n=5) at the upstream  site (1) outfall (site 2) and two other downstream sites at  
                   Pecan Creek, a Waste Water  Treatment Plant receiving stream in Denton, TX. 
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Figure 5.3 Multi-year/season mean ± SD triclosan (TCS) water concentrations (n=5)at the upstream  
                  site (1) outfall (site 2)and two other downstream sites at Pecan creek, Denton, TX. 
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Figure 5.4 Multi-year mean ± SD triclocarban (TCC) water concentrations (n=5) at upstream site  
                 (1) outfall (site 2) and two downstream sites (Sites 3 & 4) at Pecan creek, Denton, TX. 
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Figure 5.5 Shell length versus weight of 'clean' clams  from Clear Creek, deployed at 
                  outfall of Pecan creek (n=61). 
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Figure 5.6 Average change in shell length ± SD (mm) at different sampling days 
                 (n=7 for each day). 
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Figure 5.7. Average change in total weight ± SD of C. fluminea at different 
                  sampling days (n=7 for each day). 
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Figure 5.8 Mean ± SD (n=7) of  MTCS levels in C. fluminea exposed to  effluent water  (0.008ppb) at 
                  the Denton Waste Water Treatment Plant  for a 28-day accumulation of and 14-day  
                    depuration at a  control site at Pecan Creek. 

UPTAKE DEPURATION 

k1= 3900.7, 
k2= 0.258 
BAF K=  15,603 
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Measured MTCS concentrations were more than TCS concentrations in clams. Generally, 

MTCS uptake was very fast with average concentrations of 37 ng/g in 24hours after the clams 

were deployed and the highest concentration of 121 ng/g in C. fluminea was on day 14, MTCS 

levels slightly decreased on day 28 and continued to decrease when clams were put at the 

upstream site for depuration (Figure 5.8).  MTCS levels on days 3, 7, 14 and 28 were 95, 90, 

121, 113 ng/g respectively were not statistically significantly different from each other but were 

higher than levels on days 1 and days 35 (after 7 days depuration) and these were also 

significantly higher than that on day 42, after 14 days depuration (Kruskal Wallis; χ2 =38.4, 

p<0.0001). The kinetic BAF of MTCS in C. fluminea was 15603, this was comparable to a BAF 

of 15,171 at day 14, and a BAF at day 28 of 14140 (Figures 5.8 & 5.9). 

 

 
 

0

2000

4000

6000

8000

10000

12000

14000

16000

1 3 7 14 28

B
A

F 

Sampling days 
Figure 5.9 Bioaccumulation factors  (BAF)  of  methyl triclosan in C. fluminea on different  
                  sampling days (n=7 for each day). 
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TCS was the least accumulated chemical with the highest concentration of 10.4 ng/g on 

day 1 (Figure 5.10). Levels continued to decrease over the 28 day exposure period, by day 14 

there levels were below instrument calibration limits, and this was also true for day 28 and days 

35 and 42 (Figure 5.10). BAFs were very low, the highest BAF was 112 on day 1 and 106 and 

103 on days 3 and 7 respectively (Figure 5.11). Kinetic BCF was 3401, lower than the 5304 

calculated for MTCS (Figures 5.8 & 5.10). 
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Figure 5.10 Mean ± SD (n=7) TCS levels in C. fluminea exposed to effluent water (0.093ppb) at  
                     the Denton  Waste Water Treatment Plant for a 28-day accumulation of and 14-day 
                     depuration at a control site.  

k1= 47.62, 
k2= 0.014 
BCF K=  3401 
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TCC uptake was the highest of the three chemicals measured with an uptake rate of 3901 

(Figure 5.12). The concentration on day 1 was 5 times the MTCS concentrations and 18 times 

the TCS concentrations. Comparable concentrations were measured for days 1, 3, 7, and 14, 

however, the TCC levels decreased on day 28 and continued to decrease during the 14-day 

depuration period. The depuration rate for TCC was 1.7 times faster than that of MTCS (Figures 

5.8 & 5.12). The concentrations on days 1, 3, 7, and 14, were 180, 191, 186 and 189 ng/g 

respectively and these levels did not statistically differ from each other, however, the levels from 

days 1-14 were significantly higher than for day 28, and which was also higher than levels 

measured in depurated clams ( Kruskal Wallis; χ2 =34.5, p<0.0001). 
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Figure 5.11 Bioaccumulation factors (BAF) of triclosan in C. fluminea at different sampling days 
                   (n=7  for each day). 
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The BAF for days 1, 3, 7, and 14 were 4494, 4780, 4655, 4718 respectively these values 

are comparable to a BAF of 4646 for MTCS on day 1(Figure 5.13). The BAF on day 28 was 

2739 (Figure 5.12). The kinetic BAF was 5303.  MTCS, TCS, and TCC concentrations on lipid 

basis have also been reported in Table 5.1. Finally, the lipid freezing technique used was very 

effective, lipid reduction in 35 samples ranged from 46- 92.8% with an average lipid loss of 

68.6% (Table 5.2). The % lipid measured at different days were not statistically significantly 

different (ANOVA, p=0.22).    
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Figure  5.12 Mean ± 1SD (n=7) of TCC levels in C. fluminea exposed to effluent water (0.040ppb) at  
                     the Denton Waste Water Treatment Plant for a 28-day accumulation of and 14-day  
                     depuration at a  control site. 
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k1= 790.1, 
k2= 0.149 
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Table 5.1 Lipid normalized concentrations of TCC, TCS, and MTCS (n=7) in C. fluminea 
                exposed to effluent water for 28 days and depurated at an upstream site for 14 
                days. 
 
Sampling days TCC (µg/g) TCS (µg/g) MTCS( µg/g) 

1 3850.8 216.2 780.4 

3 4005.6 209.9 2039.7 

7 4318.2 211.6 2341.7 

14 4275.9 BC* 2658.5 

28 2821.4 BC* 2879.8 

28B 11441.9 BC* 7278.4 

35 82.2 BC* 1337.8 

42 70.3 BC* 268.8 
1BC: Below calibration 
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Figure  5.13 Bioaccumulation factors  (BAF)  of  triclocarban in C. fluminea at different  
                      sampling days (n=7, for each day). 
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Table 5.2 Crude lipid weights of samples taken before and after lipid freezing and the 
                 percent (%) change in lipid weight. 
 

Sample  
ID 

sample wt 
(g) 

Before freezing 
lipid wt (g) 

After freezing 
lipid wt  (g) 

Change in lipid 
weight(g) 

% change 
in lipid 

      
1A 0.9588 0.0378 0.0182 0.0196 51.9 

1B 0.6965 0.0298 0.0116 0.0182 61.1 

1C 0.6991 0.0302 0.0090 0.0212 70.2 

      1D 0.3662 0.0169 0.0090 0.0079 46.7 

1E 0.3567 0.0182 0.0080 0.0102 56.0 

1F 0.3594 0.0196 0.0058 0.0138 70.4 

1G 0.4358 0.0210 0.0069 0.0141 67.1 

3A 1.1900 0.0456 0.0072 0.0384 84.2 

3B 1.2423 0.0469 0.0081 0.0388 82.7 

3C 0.8432 0.0343 0.0059 0.0284 82.8 

3D 0.4664 0.0215 0.0048 0.0167 77.7 

3E 0.5062 0.0227 0.0057 0.0170 74.9 

3F 0.3304 0.0196 0.0055 0.0141 71.9 

3G 0.3249 0.0176 0.0047 0.0129 73.3 

7A 1.4660 0.0424 0.0121 0.0303 71.5 

7B 1.0957 0.0388 0.0085 0.0303 78.1 

7C 1.1181 0.0321 0.0023 0.0298 92.8 

7D 0.4739 0.0171 0.0059 0.0112 65.5 

7E 0.2978 0.0177 0.0059 0.0118 66.7 

7F 0.5125 0.0179 0.0054 0.0125 69.8 

7G 0.2700 0.0204 0.0044 0.0160 78.4 

14A 0.9594 0.0277 0.0040 0.0237 85.6 

14B 0.8612 0.0235 0.0085 0.0150 63.8 

14C 1.0735 0.0383 0.0089 0.0294 76.8 

14D 0.2992 0.0146 0.0065 0.0081 55.5 

14E 0.2991 0.0332 0.0122 0.0210 63.3 

14F 0.3480 0.0189 0.0102 0.0087 46.0 
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14G 0.4380 0.0156 0.0064 0.0092 59.0 

28A 1.0288 0.0314 0.0080 0.0234 74.5 

28B 0.8922 0.0296 0.0078 0.0218 73.6 

28C 0.5040 0.0127 0.0053 0.0074 58.3 

28D 0.5121 0.0185 0.0064 0.0121 65.4 

28E 0.3876 0.0241 0.0080 0.0161 66.8 

28F 0.3387 0.0151 0.0069 0.0082 54.3 

28G 0.3606 0.0204 0.0059 0.0145 71.1 

 

Discussion 
 

  Water concentrations remained consistently low at the upstream Site (Site1) at all the 

sampling times and over the years. There were seasonal differences in the levels of MTCS, TCS, 

and TCC measured from samples taken from Sites 2-4, with the highest levels measured in 

September and the lowest levels in March. The concentrations of all three chemicals were 

highest at Site 2, the outfall and there was a slight decrease at Site 3 and then a little more 

decrease at Site 4 the mouth of the Pecan Creek, where it flows into Lake Lewisville.  

Clam survival over the 28 day exposure period was 89% and 100% during depuration, 

100% survival rate during exposure period was observed in an earlier study at the same site using 

the same experimental design. There was an increase in shell length and total weight as early as 

24 hours after deployment. The changes in shell length were less obvious compared to the 

increases in total weight and this might be an easier and better way of measuring growth in 

clams. In addition to that, shell length was highly correlated with shell weight. 

The lipid freezing techniques was effective removing an average of 69% of the lipid 

present in tissues. This is very helpful when used as the first clean up step to prevent overload of 

SPE cartridges and allow for the use of higher tissue masses and tissues with very high lipid 
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contents. Using this technique also helped produce better chromatograms with less interference 

and is likely to extend the life time of columns of analytical instrument. These contaminants did 

not affect the crude lipid weight (as % of total weight) of exposed clams compared to that of the 

control clams. Triclosan is known to affect lipid synthesis in bacteria by reducing the total lipid 

weights (Sivaraman et al. 2004). Richardson et al. (2005) also found no statistically significant 

differences in lipid weights measured at different days in laboratory and field experiments using 

the green –lipped mussels exposed to PAHs and other organic contaminants. 

  For all three chemicals, steady state was reached by day 3. TCC uptake was very rapid, 

the levels measured on day1 way were comparable with that measured on days 3-14. Kinetic 

BAF for MTCS and TCC were very comparable to steady state BAF on day 14; for both 

chemicals the highest accumulation rates were on days 14. The accumulation levels on days 14 

for MTCS and TCC were slightly higher than that on day 28 although these observed differences 

were not statistically important for MTCS but was statistically significant for TCC. Steady state 

BAFs for both MTCS (15,171) and TCC (4718) were also comparable with the highest BAFs 

measured in field samples in an earlier study (Chapter 4), which was 16,206 and 6930 for MTCS 

and TCS respectively on wet weight basis. These values were also comparable to the kinetic 

BAFs values of 15,603 for MTCS and 5303 for TCC.  

MTCS was the most bioaccumulative chemical of the three in this study, followed by 

TCC and TCS was the least bioaccumulative. Bioaccumulation for these chemicals could be 

explained by looking at the Log Kow values of 5.2, 4.9 and 4.8 for MTCS, TCC, and TCS.  For 

TCS uptake rates cannot be explained by log Kow values alone. Although its log Kow values are 

close to that of TCC, the steady state BAFs on wet weight basis was between 102 and 112 with 

the highest accumulation factors on day 1. The levels measured on day 14 were comparable to 
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that measured in the control and depurated clams; these levels were less than the method 

detection limit for TCS. This peculiar pattern points to the possibility of some form of 

metabolism by the clams. The BAFs of TCS estimated from field collected samples from an 

earlier study were 52-58.  These low BAFs were observed, in spite of the fact that TCS had the 

highest water concentrations, compared to the MTCS and TCC water levels. Coogan et al. 

(2007), and Coogan & La Point 2008 measured a much higher BAF of 500 in the snail Helisoma 

trivolis. 

Uno et al. (1997), observed differences in accumulation patterns for C. leana and the 

snail Cipangopludina chinensis, however, in their study the pesticides of interest were detected 

more frequently, and at higher concentrations in the clams than in the snails. Differences in 

uptake could be due to differences in ventilation volumes and metabolism in these organisms. 

Generally, clams are know to have a higher ventilation rate compared to snails, C. fluminea are 

known to have one of the most extensive gill and mantle surfaces compared to other bivalves 

which as a group have very high ventilation rate (McMahon 1991). Mussels are known to 

remove certain organic contaminants by bio-transforming them and therefore not measuring or 

detecting a chemical does not necessarily mean they are not bioavailable (Bauer et al. 1989) and 

environmental conditions influences the rate of biotransformation. Uno et al. (1997) point out 

this ability in clams to biotransform or metabolize compounds means that BCFs cannot be 

estimated based solely on physiochemical properties; this argument holds true for TCS analyses 

from this work.  

Depuration rates were very low for TCS, because concentrations were already low by day 

14 of exposure. For MTCS, depuration rate was moderate compared to TCS and TCC, seven 

days after clams were exposed to clean water they still had MTCS levels comparable to that 
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measured 24 hours after exposure but by day 14 MTCS levels were below method detection 

limits. TCC had the highest depuration rates, after 7 days in ‘clean’ water the measured levels 

were below detection limit, depuration rates were 1.7 times faster than that of MTCS. TCC might 

have by depurated earlier but there were no intermediated sampling points between days 0 and 7 

of depuration. Richardson et al. (2005) reported rapid uptake of organic compounds, but PAHs 

exhibited rapid elimination by 48 hours, on the other hand, DDT did not depurate by study day 

10. 

Conclusions 
 

For this study TCS, TCC and MTCS did not significantly affect lipid content in exposed 

clams compared to the control clams. Lipid freezing is a very effective technique especially id 

used as a first step in sample clean up. MTCS was the most bioaccumulative compound and TCS 

was the least accumulated compound, with TCC intermediate. Uptake and depuration rates were 

a little slower for MTCs compared to TCC. TCS accumulation cannot be predicted based on the 

physicochemical properties alone, low TCS levels after 7 days points to some form of 

metabolism in the clams. MTCS is known to be one of the metabolites of TCS metabolism. 

Further studies are needed to explain TCS elimination in clams. Very little work has been done 

on TCC and MTCS compared to TCS. MTCS might be a compound of concern even in 

vertebrates. 

These were clams exposed under realistic field concentration of a mixture of MTCS, 

TCS, and TCC and other compounds. All the three compounds of interest were very rapidly 

accumulated but when exposed to clean water all compounds were depurated within 14 days. In 

areas where clams are used as food, it might be good to depurate them for a few days to get rid of 

undesirable compounds before consuming the tissues. Rapid accumulation means that measured 
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concentrations in field collected adult samples with sizes greater than 81mm have been exposed 

long enough to have reached steady states. 
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CHAPTER 6 
 

 TRICLOSAN AND TRICLOCARBAN: LABORATORY STUDIES ON WATER-SEDIMENT 
PARTITIONING AND C. fluminea BIOACCUMULATION STUDIES 

Introduction 

  Once a compound gets into an aquatic ecosystems, its fate is greatly influenced by lot of 

things including chemical structure, the stream’s physical characteristics e.g. flow, water quality 

etc. The available chemical within the stream partitions into different compartments depending 

on solubility, lipophilicity, and volatility. Triclosan (TCS) and triclocarban (TCC) have low 

water solubility; 11 mg/L and 10 mg/L respectively and log Kow of 4.8 and 4.9 respectively 

(Halden &Paul 2005, USEPA 2009) and are expected to be low in surface and pore-water but 

high in aquatic organisms and the sediment. 

 Extensive research done by numerous authors indicate that the waste water treatment 

plants (WWTPs) remove up to 98% of TCC and TCC (McAvoy et al. 2002, Bester  2003, 

Sabaliunas et al. 2003, Waltman et al. 2006). Heilder and Halden (2007) estimate that 50 ± 19 % 

of TCS remains in sludge, 48 ± 19% is mass transformed and unaccounted for and 2 ±1 % 

remains in the effluent that gets to surface waters. Higher removal efficiencies are found in 

activated sludge systems compared to other treatment systems and this is linked to high amount 

of suspended solids found in these systems (Heilder & Halden 2007,Ying et al. 2007). In the 

U.S. the estimated per capita wastewater/ day is 450 L, resulting in 8 million dry metric tons of 

biosolids produced annually, with half of which is land applied and the other half is either 

incinerated or goes to the land-fill (Kinney et al. 2008).  

All these estimates are for countries and regions where there is some form of waste water 

treatment, however, the United States Environmental Protection Agency (USEPA 2009) state 

that there is no data from industrial sites and not much information is available on countries 
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where sewage is directly released into streams and or highly populated areas with inefficient 

removal systems. Peng et al. (2008), found that in the Pearl River Delta China, only 70% of the 

3.3 million metric tons of waste generated daily goes through a WWTP, and TCS was detected at 

all sampling sites with a very wide range of concentrations measured: 35-1023 ng/L. 

 Single-chemical laboratory experiments help to better delineate the effects induced by the 

chemical alone and not that influenced by other chemicals or changes in a variety of 

environmental conditions. Very few water-sediment and laboratory bioaccumulation studies have 

been conducted for these chemicals. Sabaliunas et al (2003) point out that the concentration and 

distribution of TCS in aquatic environments is dependent on various factors among them is: 

consumer use patterns, removal efficiencies at WWTPs, partitioning, chemical and biological 

degradation. They also found out that partitioning is greatly influenced by changes in 

environmental pH and the amount of suspended solids present. 

 In 2009, Higgins and his colleagues exposed the worm  Lumbriculus variegates to spiked 

TCC sediments and the endpoint was to measure bioaccumulation of TCC and one of its 

metabolite dichlorocarbanilide (DCC) from the sediment. There was less than 1 % loss of TCC 

from the sediment; biota sediment accumulation factor was 2.2 ± 0.1 for TCC and 0.3 ± 0.1 for 

DCC after 35 days. They also found out that elimination of TCC from the worms was rapid once 

they were transferred into clean sediments and low accumulation levels were attributed to low 

bioavailability because the measured TCC did not vary much throughout the experiment. Miller 

et al. (2008) looked at TCs and TCC concentrations in two estuarine systems: Chesapeake Bay, 

Maryland and Jamaica Bay, New York. The results indicate that TCC was more abundant than 

TCS in surface water and sediments irrespective of the age of the sediment, the depth and site of 

collection: the ratio of TCC: TCS was less than 2:1 in water but greater than14:1 in surface 
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sediments. Another important finding from this work was that the levels measured were parallel 

those of heavy metals and was no significant degradation of either TCS or TCC. 

 The laboratory component of this dissertation was in two fold: the first was an 

experiment that looked at the partitioning behavior of TCS and TCC and accumulation patterns 

in Corbicula fluminea exposed to environmental levels of TCS and TCC by spiking the 

overlying water which is the way these antimicrobials are introduced into surface waters. The 

second experiment was water –sediment partitioning tests over a seven day period. The 

objectives were as follows: 

1. Find out the rate at which TCS and TCC partitioned into the sediment 

2. Measure bioaccumulation factors (BAFs) in C. fluminea exposed to environmental 

concentrations of TCS and TCC. 

3. To find out if there was significant methyl triclosan (MTCS) levels in the TCS exposures. 

 

 

Material and Methods 
 

Instrument and statistical analyses followed the procedures used in chapters 4 and 5. 

Graphs were plotted using Excel 2007 software. 

 

Experimental Set-up 

Water-sediment Partitioning 

In this experiment eight sampling points were chosen (6 hours, 1, 2, 3, 4, 5, 6, and 7 

days) and four replicates at each sampling point. Sediment from Clear Creek (reference site) was 
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air-dried for 24 hours and sieved to remove large twigs and large gravels. For each replicate, 

approximately 25 g this sediment was weighed and placed in a 300 ml glass beaker (Figure 6.1).  

A 100 ml of pre-mixed TCS and TCC at concentrations at 200 ppb each was gently added to the 

sides of the beaker to prevent water from mixing with sediments. During sample collection the 

overlying water was gently poured out and stored in 200 ml amber glasses and sediments was 

collected using a spoon and stored in dark Nalgene bottles at 4 °C. 

 

 

 Figure 6.1 Experimental set-up for the water- sediment partitioning test. 
 
 
 
 
Bioaccumulation Test 
 

C. fluminea were collected from Clear Creek and depurated in a large container with 

freshly prepared reconstituted hard water; RHW (APHA 2005) for 48 hours to completely clear 

their gut contents; clams were well aerated to minimize stress (Figure 6.2).The sizes used were 

between 15 mm and 20 mm. Sediment from Clear Creek was used for this experiment; the 
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sediment was air-dried and sieved to remove large objects and large gravels. Approximately 1.5 

L of sieved sediment was placed in a 15-L aquarium and to this either pre-mixed TCS or TCC 

water was gently poured at the sides of the aquarium to prevent mixing (Figure 6.3). The target 

concentrations were 150 ng/L for TCS and 250 ng/L for TCC; these were close to the upper 

limits of concentrations of both chemicals that had been measured at the field monitoring site, 

Pecan Creek. After water was added 70 clams each were added to the TCC and TCS aquaria and 

50 organisms to the control set-up. All clams had burrowed into the sediment after 20 minutes 

and could be seen filter feeding in less than 2 hours (not stressed).  

All aquaria were well aerated through out the experiment. Exposure period was 28 days 

and remaining clams were put in clean sediments with RHW water and allowed to depurate for 

10 days. This was a static renewal experiment; about 98% of the water was siphoned out and 

replaced with premixed water (TCS or TCC or RHW for the control) every 24 hours. Clams 

were also fed with laboratory cultured algae (Figure 6.4); the stock of Selenastrum spp was 

obtained from UTEX and the cultured in large volumes following methods listed in APHA 

(2005). Clams were fed ad libtum throughout the experiment.  

The protocol for sample collection was as follows: water was mixed to the desired 

concentrations using already prepared stock, water in the aquaria was then sampled (2, 1 L 

samples) and the rest siphoned out, 7-10 clams were immediately collected from the sediment 

and ~10 g of sediment was also taken out. Right after sampling, the overlying water was replaced 

and clams in the aquaria were fed. Then harvested clams were put in smaller containers with 

RHW water and allowed to depurate for 24 hours. Sediment and water samples were 

immediately stored at 4 °C. After clams were depurated their weights and sizes were measured 

and placed in aluminum foil then frozen at 20 °C. 
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Figure 6.2 Clams from Clear Creek depurating in RHW water; also shows fecal matter 
                   after 24 hours of depuration. 
 
 
 
 

 
 
Figure 6.3 Experimental set-up for laboratory bioaccumulation studies.  

Fecal material 
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Figure 6.4 Selenastrum spp culture in the laboratory.  
 

 

Water Quality 

Water quality parameters such as pH, temperature, etc. were measured before sampling to 

minimize the variation due to suspended particles or bio-fouling. Water samples were taken 

before clams were fed, this allowed enough time for the clams to feed without any water being 

discharged from the system and also the air could be left on during this period and there were 

less suspended particles in the water samples. 

 

Sample Preparation 

Water 

  For the bioaccumulation test the analysis followed that described in Chapter 4 but for the 

laboratory partitioning (LP) experiments the water was liquid –liquid extracted. One ml of each 
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sample was placed in a 5 ml glass vial and 10µL each of the internal standards 13C TCS, 13C 

MTCS was added to the TCS samples, and10 µL 7d TCC was added to the TCC samples. TCS 

sample preparation: to each vial 3 mL of 1:1 hexane: ethyl acetate was added and samples were 

vortexed for about 2 minutes. Time was allowed for phase separation after which the supernatant 

mostly made up of the solvent was transferred into clean vials. The solvent was blow to dryness 

under nitrogen, the extract was reconstituted in 400 µL of hexane-ethyl acetate and then 

transferred into GC vials; two more 400 µL rinses were done. The sample was again blown to 

dryness under nitrogen, 50 µ L of MSTFA and 50 µL of acetone were then added to the sample 

and incubated in the oven at 60 °C for 2 hours. Samples were re-dried and then reconstituted in 

100 µL of methylene chloride and transferred into inserts for TCS analysis on the GC/MS. 

Sample preparation was similar for TCC, except that MSTFA was not added and samples were 

reconstituted in 100µL and placed into inserts for analysis on the LC/MS 

 

Sediment 
 

Each sample was 5 g of air dried sediment to which 10 µL of the internal standards, 

13TCS, 13 MTCS and d7 TCC were added and 10 µL of 500ppb spikes were added spiked 

samples. After that 5 mL of MilliQ water and 30 mL of 1:1 hexane/ethyl acetate was added to 

the samples. Samples were vortexed for approximately 2minutes and loaded on a rotor at 55 rpm 

for about 24 hours to ensure maximum extraction of the compounds of interest into the solvent. 

Samples were then vortexed for 1minute and centrifuged for 10 minutes at 2500 rpm, the 

supernatant was transferred into test tubes and blown down in a Rapidvap® at 40 ºC. Samples 

were subsequently reconstituted in 2 mL of 1:1 hexane/ethyl actetate and transferred into smaller 

vials and blown to dryness; samples were then reconstituted in 100 µL of 100% acetonitrile. 
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Samples were split into two 50 µL portions; one part was analyzed for TCC on LC/MS. To the 

other 50 µL of sample, 50 µL of MSTFA was added and derivitized at 60 ºC for one hour in an 

oven. Samples were blown down and then reconstituted in 50 uL of methylene chloride for TCS 

and MTCS analysis on the GC/MS. 

 
 
 

Clams 

Clams were retrieved from freezer and allowed to thaw; the soft tissue was weighed and 

placed into 50 ml centrifuge tubes. For clams that had shell widths closer to 15 mm, the soft 

tissue from two organisms were used, but those with shell width closer to 20 mm had adequate 

tissues for analysis. Tissue preparation followed the same procedure described in Chapter 4. 

 

Results 
 

  Water temperature for the laboratory experiments were very consistent between 21.3 and 

21.5 °C and oxygen levels ranged from 6.21- 6.96 mg/L. The RHW had a conductivity of 578 

µs, pH 7.9, and hardness of 176 mg/L CaC03 and alkalinity of 115 mg/L CaC03. Clam survival 

was greater than 97%. On day 10 of depuration, several of the clams were found distressed with 

their foot fully extended out, a characteristic that usually precedes death and therefore the clams 

were harvested and the experiments were ended. Prior to this incident, the organisms seemed to 

be in good health. Levels of TCC in control clams were below MDLs (Chapter 3) and clams 

analyzed for TCS and MTCS, had concentrations below calibration.  

 Influx of TCS and TCC into the sediment was very rapid; 6 hours (0.25 day) after the 

chemicals were added, the mass of the chemicals were 17% and 22% that of the water for TCS 

and TCC respectively. By 48 hours the levels of both antimicrobials in sediment exceeded that in 
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the water. For TCS levels in water decreased very rapidly after day 1 and thereafter there was a 

gradual decrease in the concentrations until day 7; it went from 11,009 ng on day 1 to 2419 ng on 

day 2 and by day 7 the level in water was 540 ng (Figure 6.5). For the TCC, the levels in both the 

water and sediment were low from days 1-3. The aqueous mass of TCC gradually decreased 

from days 1-7 (3377 ng to 865 ng), by day four the concentrations had leveled off and were  688 

ng, 802 ng, 667 ng, and 865 ng for days 4, 5, 6, 7 respectively (Figure 6.6). However, TCC 

concentration in sediment generally increased from days 1-7; with the lowest concentration of 

734 ng at 6hours and highest concentrations of 5654 ng and 5351 ng on days 6 and 7 

respectively. 

TCS sediment results from the bioaccumulation set-up were inconclusive and will not be 

presented here. TCS uptake in clams was very low for all days; levels were below instrument 

detection limit but some MTCS was measured on day 14; 16.5 ng/g and increased to 23.9 ng/g 

on day 28 but was lost by day 7 of depuration (Table 6.1).  

TCC accumulation in sediments followed a similar pattern like that in the sediment water 

partitioning test (Figures 6.6 & 6.7). Uptake of TCC by C. fluminea was also similar to that of 

the in situ study (Chapter 5); the highest accumulation was on day 14 with 491 ng/g of TCC and 

this decreased to 392 ng/g on day 28. The BAF on day 28 was 1966. Depuration in laboratory 

experiments was much slower than that observed in the in situ study. In the in situ study no TCC 

was measured on day 7 of the depuration phase. However, in the laboratory study although the 

TCC levels decreased in the depuration phase, TCC concentrations on day 10 of depuration was 

about 47% of the levels measured on day 14 of the uptake phase. 
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Figure 6.5 Mass balance for water sediment partitioning experiment showing avearage ± SD 
                 (n=4 for each day) of mass of  triclosan (TCS) in sediment and overlying water 
                  over a 7-day period. Over lying water was spiked at 200ppb. 
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Figure 6.6 Mass balance for water sediment partitioning experiment showing avearage ± SD (n=4 
                 for each day) of mass of triclocarban (TCC) in sediment and overlying water over a 7- 
                 day period. Over lying water was spiked at 200 ppb. 
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Table 6.1 TCS and MTCS in C. fluminea from bioaccumulation studies. 
 

Day 

Concentrations in C. fluminea 

  Wet weight( ng/g)   Lipid weight( ng/g) 

MTCS TCS TCC MTCS TCS TCC 

1 ND BC 15.6 ND BC 480.2 

3 ND BC 74.5 ND BC 1585.9 

7 ND BC 64.8 ND BC 2006.6 

14 16.5 BC 491.4 560.3 BC 12837.3 

28 23.9 BC 392.0 495.9 BC 8345.4 

35 BC BC 315.1 BC BC 8515.0 

38 BC BC 230.8 BC BC 7891.8 
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Figure 6.7  Mean ±1SD TCC concentrations in a 24-hr static renewal system with a 
                    TCC  water  concentration of 150 TCC over a 28 day  period.   
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Discussion 
 
 The partitioning study for this laboratory study was very simplistic and mimics the 

situation where a lentic water body receives a one- time pulse loading of the antimicrobials TCS 

or TCC into the system. Partitioning rates into sediments was very fast for both chemicals, 

within 6 hrs of being exposed to water spiked with antimicrobials, the sediment levels were close 

quantifiable and by 48 hours the sediment concentrations exceeded levels measured in water and 

continued to increase over the next six days for TCC. Rapid partitioning of TCS and TCC from 

the aqueous compartment into sediments has been observed by other authors. In aquatic systems 

with very high suspended solids or constant effluent input the dynamics might be a little different 

and the aqueous component might have higher concentrations of these chemicals than that 

observed in this study. Heidler et al. (2006) and Heidler and Halden (2007) indicate that both 
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 Figure 6.8  Mean ± 1SD TCC concentrations in C. fluminea exposed to water with at 250 
                    ppt TCC  in a static renewal systemover a 28 day period and allowed  to 
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117 

TCS and TCC are highly sequestered into bio-solids and sediments (Chalew & Halden 2009). 

Chalew & Halden attribute this to high levels to usage, significant environmental persistence and 

strong sorption to organic matter. Sediments from Clear Creek used for had very low organic 

matter, in spite that, accumulation of both compounds was quite high. 

In the static renewal test, where TCC spiked water was replaced everyday, concentration 

of TCC in the sediment continued to increase over the 28 day uptake phase, with the highest 

concentrations on day 28. Higgins et al. (2009) observed that when sediments were spiked with 

TCC over a 35-day uptake phase, the concentration of TCC in sediments was very consistent, 

with very little loss. Comparing both studies, it is likely that in systems receiving continuous 

input of TCC or other antimicrobials, the sediment would have higher chemical levels than water 

until an equilibrium concentration is reached, but sediment TCC is not likely to cause an increase 

in water TCC concentrations. If this assumption is right, then for antimicrobials, sediment might 

be a good sink but not a good source of chemical into the aqueous compartment. On the other 

hand, organisms which take in sediment might be exposed to high concentrations of 

antimicrobials. 

TCC levels in biota and sediment were higher than for TCS. This has been reported by 

several authors (Heidler & Halden 2007, Miller et al. 2008, Chalew & Halden 2009). 

Accumulation of TCC in C. fluminea was much higher than that in the sediment. The highest 

sediment concentration on day 28 (3.7 ng/g wet weight) was up to two orders of magnitude 

lower than that in the clams on day 14 (392 ng/g wet weight). This same trend was observed 

from the field samples where the clam tissue concentrations were up to 4 orders of magnitude 

that found in sediment. The BAF of 1966 on day 28, comparable to the BAF measured for the in 

situ and but lower than that for the field studies; BAF28 for the in situ was 2339 and that for the 
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field was 4218- 6930. High bioaccumulation of TCC might be due to higher filtration rate by C. 

fluminea and subsequent uptake by the gills. Bioaccumulation of TCC  into worms from the 

Higgins et al. (2009) paper was 2.2 , although, the levels in the sediment remained fairly high 

and consistent throughout the study, that further supports the idea that the sediment bound TCC 

might not be a significant source of contamination even for sediment ingesting organisms.  

McLeod et al. (2008) looked at uptake of PCBs in Malcoma balthica and C. fluminea, they found 

out that for M. balthica 90% of PCB uptake was from the sediment and 10% from water, but for 

C. fluminea uptake was almost equal from both water and the sediment. Takabe et al. (2010), 

found that under the same environmental conditions, bioaccumulation levels of several organic 

compounds were the same in Corbicula spp and Mytilus galloprovinciodis, although in addition 

to filter feeding Corbicula spp was getting exposed through pedal feeding. 

The BAFs for TCS was not calculated because the levels in clams were below instrument 

calibration limits for all days. Even for the in situ studies where clams were exposed to a 

continuous flow of effluent water the TCS levels were extremely low and measurable only on 

days 1, 3, and 7 with BAFs of 112,106 and 103 respectively. On days 14 and 28 of the in situ 

study, TCS levels measured in C. fluminea were below the instrument calibration limit.  

Decreasing levels of TCS in the water over the 24 hour before the water was changed, may 

present concentrations that are easily eliminated by C. fluminea and thus not accumulated in the 

tissue. 

Though TCS was below calibration for all the days, on day-14, MTCS level was 16.5 

ng/g and 23.9 ng/g wet weight on day-28. MTCS levels were measured in the absence of MTCS 

input into the aquaria, and these data points to the possibility of C. fluminea metabolizing some 

of the TCS into MTCS. MTCS levels could also be due to microbial transformation in water or 
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sediment and the subsequent uptake by C. fluminea even in the presence of low water or 

sediment levels. Balmer et al. (2004) were able to measure MTCS in semi permeable membrane 

devices (SPMDs) in the presence of very non- measurable water concentrations. Lindstrom et al 

(2002), made the same observation and although they were able to measure MTCS they could 

not measure TCS concentrations using the SPMDs.  In the in situ study MTCS was measured on 

all days with the lowest concentration on day 1; 37 ng/g and the highest on day 14, of 121 ng/g. 

Lower levels in the laboratory study and higher levels from field and in situ studies where the 

organisms were exposed to MTCS in water might mean that a substantial amount of the MTCS 

in the in situ study was from uptake of the aqueous MTCS. 

 

Conclusion 
 
  TCS and TCC partitioning into sediments was rapid, and data from this study found 

increasing TCC levels in sediment at the end of the 7-day partitioning study and the 28-day 

bioaccumulation study. TCC accumulation in sediment had a similar trend at part per trillion, and 

parts per billion water concentrations. Sediment accumulation of TCC was high but an order of 

magnitude lower than that in the clams. For aquatic environments receiving occasional pulses or 

continuous influx of antimicrobial contamination, the sediment is an important sink. 

 MTCS, a metabolite of TCS was measured at the latter part of the bioaccumulation study, 

although the system was not spiked with MTCS, this point to the possibility of TCS being 

metabolized by C. fluminea. This might explain why, although, C. fluminea can bioaccumulate 

TCS, the BAFs were low and by day 14 in the in situ study the levels were below detection limits 

and extremely low levels in the field samples as well. 
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 More laboratory work needs to the done especially with TCS to explain its accumulation 

pattern in C. fluminea which was lower than levels measured in several studies that looked at fish 

and also snail. If clams are metabolizing the TCS, it would be useful to find the degradation 

pathway. For TCC more research needs to be conducted to find out when the steady state levels 

are reached in the sediment and if sediment –bound TCC is not bioavailable to sediment 

dwelling organisms. 
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CHAPTER 7 
 

 OVERALL CONCLUSIONS AND FUTURE DIRECTIONS 
 

The main goal of this project was to examine the partitioning behavior and fate of the 

antimicrobials triclosan (TCS), and triclocarban (TCC), and methyl triclosan (MTCS) a 

degradation product of triclosan in aquatic ecosystems under realistic environmental 

concentrations. To achieve this goal, three different approaches were used (field samples, an in 

situ experiment, and laboratory studies) and measured levels of the three chemicals (MTCS, TCS 

and TCC) in water, sediment, and Corbicula fluminea.  

There was no significant reduction in the lipid levels of clams when exposed to all three 

chemicals. The lipid freezing technique was a good clean up technique removing 46-98% (mean 

of 68%) of lipids; this is a fairly easy step and can be used as a first set in sample clean-up.  

Water levels of TCS, MTCS and TCC were consistently low for all the years of sampling 

remaining at part per trillion levels, but there were seasonal variations in the concentrations of 

these chemicals at all Pecan Creek sites expect for the upstream site which is above the outfall of 

the Waste Water Treatment Plant. Such low levels are expected in streams that receive effluent 

water from efficient Waste Water Treatment Plants; these Plants have high removal efficiencies 

resulting in low effluent concentrations.  

From the laboratory experiment, the conclusion was that TCS and TCC partitions very 

rapidly into sediment; 6hours after the start of this experiment, there were quantifiable levels of 

the both TCS and TCC in the sediment and by 48hours, the levels exceeded that in the water.  

In the static renewable experiment, the levels of TCC in sediment continued to increase 

up to day 28; the end of the uptake phase. Chemical levels in sediment were up to three orders of 

magnitude the levels measured in the water.  Based on the field samples collected, the finding 



123 

was that soil texture had an influence on the concentration of these chemicals; Site 4 of Pecan 

Creek (the mouth) had higher silt content (loamy silt) and this resulted in higher chemical 

concentrations at this site compared to Sites 1-3, which were predominantly sandy. However, 

even for the sandy soils and even at the low organic matter levels measured in the Creek, there 

was significant accumulation of all the three chemicals.  

The highest chemical levels were measured in C. fluminea; up to five orders of 

magnitude the concentrations measured in the water. C. fluminea did not bioaccumulate TCS at 

the same magnitude as they did TCC and MTCS. The steady state BAF for TCS was 52-58 in the 

field study and 102- 112 in the laboratory samples, compared to 6930 and 4718 for TCC in and 

16,206 and 15171 for MTCS the laboratory and field studies. TCS levels in C. fluminea tissues 

were 10X less than that in Heliosoma trivolis, an aquatic snail exposed at the same site indicating 

variation in accumulation patterns for the class Mollusca. MTCS was the most accumulated 

chemical, with steady state BCF of and kinetic BCFs exceeding 14,000. In terms of measured 

concentrations in clams, TCC levels were high compared to MTCS levels, but MTCS had a 

much lower aqueous concentration resulting in higher BCFs. 

Once they were transferred to clean water, depuration rates for TCC was 1.7 times faster 

than MTCS, that for TCS could not be calculated because by the end of the uptake phase the 

levels of TCS in the tissues was below the limits of quantification. . The low levels of the TCS 

measured in the clams could not be explained by the log Kow alone. Results from the laboratory 

tests indicate MTCS accumulation at the latter half of the uptake phase, although, clams had 

been exposed to TCS but not MTCS. Comparing TCS data from the in situ and laboratory 

studies, MTCS starts showing up around the time (14days uptake) when the levels in in situ 

organism decreases below detection limits. There is the likelihood that the clams are 
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metabolizing some of TCS into MTCS and that could also contribute to the high BAF values for 

MTCS. 

The most accumulated compound, MTCS has been found in fish and could be more 

problematic than TCS and TCC. Very little data exists on MTCS because it is a degradation 

product. More work needs to be done on the effects of MTCS  and TCC on biota. The focus of 

antimicrobial research in the area of ecological effects should be on the non-target species that 

are most at risk. Another important thing is that most of the current research on antimicrobials is 

in regions with efficient Waste Water Treatment Plant, which results in very low water 

concentrations, this does not reflect conditions where raw sewage or waste from the industry is 

released into aquatic ecosystems.  
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