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 Triclosan (TCS) and triclocarban (TCC) are antimicrobials found in U.S. surface 

waters.  This dissertation assessed the effects of TCS and TCC on early development 

and investigated their potential to bioaccumulate using Xenopus laevis as a model.  The 

effects of TCS on metamorphosis were also investigated.  For 0-week tadpoles, LC50 

values for TCS and TCC were 0.87 mg/L and 4.22 mg/L, respectively, and both 

compounds caused a significant stunting of growth.  For 4-week tadpoles, the LC50 

values for TCS and TCC were 0.22 mg/L and 0.066 mg/L; and for 8-week tadpoles, the 

LC50 values were 0.46 mg/L and 0.13 mg/L.    

 Both compounds accumulated in Xenopus.  For TCS, wet weight 

bioaccumulation factors (BAFs) for 0-, 4- and 8-week old tadpoles were 23.6x, 1350x 

and 143x, respectively.  Lipid weight BAFs were 83.5x, 19792x and 8548x.  For TCC, 

wet weight BAFs for 0-, 4- and 8-week old tadpoles were 23.4x, 1156x and 1310x.  Lipid 

weight BAFs were 101x, 8639x and 20942x.   

 For the time-to-metamorphosis study, TCS showed an increase in weight and 

snout-vent length in all treatments.  Exposed tadpoles metamorphosed  approximately 

10 days sooner than control tadpoles.  For the hind limb study, although there was no 

difference in weight, snout-vent length, or hind limb length, the highest treatment was 

more developed compared to the control.  There were no differences in tail resorption 

rates between the treatments and controls.   



At relevant concentrations, neither TCS nor TCC were lethal to Xenopus prior to 

metamorphosis.  Exposure to relatively high doses of both compounds resulted in 

stunted growth, which would most likely not be evident at lower concentrations.  TCS 

and TCC accumulated in Xenopus, indicating that the compound has the potential to 

bioaccumulate through trophic levels.  Although TCS may increase the rate of 

metamorphosis in terms of developmental stage, it did not disrupt thyroid function and 

metamorphosis in regards to limb development and tail resorption. 
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OVERVIEW 

In 2002, the U.S. Geological Survey published results of a nationwide study that 

measured the occurrence of pharmaceuticals, hormones and other organic wastewater 

contaminants in U.S. waters [18].  The survey sampled 139 streams from 30 different 

states and the agency analyzed samples for 95 organic wastewater contaminants 

(OWCs).  OWCs were detected in 80% of the streams sampled.  The median number of 

OWCs detected per stream sample was 7 but some samples had as many as 38 

detected OWCs [18].  A second U.S. Geological Survey study looking for 

pharmaceuticals and OWCs in U.S. untreated drinking water sources was published in 

2008 [50].  This survey analyzed for 100 OWCs from 25 ground and 49 surface waters 

that are used for drinking water.  The sites serve “populations ranging from one family to 

over 8 million people” [50].  Of the 100 OWCs measured, 63 were found in at least one 

water sample.  The median number of OWCs detected per site was 4 but the maximum 

number found at a site was 31 [50].  A third study by the same agency looked at the 

urban input of OWCs to streams under different flow conditions.  The study analyzed 

105 OWCs from 76 water samples “collected upstream and downstream of select towns 

and cities in Iowa during high-, normal- and low-flow conditions” [51].  At least one OWC 

was found in 75 of the 76 samples.  In addition, 62 of the 105 OWCs tested were 

detected at least once [51].  The authors concluded that “an increase in the population 

per unit of stream flow generally translated into a corresponding increase in OWC 

concentrations in the stream” and that “urban contributions of OWCs to streams was 

found to be most apparent during low-flow conditions” [51].   
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Triclosan was listed as one of the most frequently detected compounds in U.S. 

streams and was found in 57.6% of the 85 samples collected [18].  In addition, triclosan 

was found in 8.1% of the 73 untreated drinking water source samples [50] and 10% of 

the samples collected in Iowa during low flow conditions [51].  Triclocarban was not 

analyzed for in any of the U.S. Geological Survey studies cited above.  However, both 

triclosan and triclocarban have similar uses and sources [52].  In addition, both 

compounds “are predicted to have essentially identical life spans in all four major 

environmental compartments, i.e., air, water, soil, and sediment” [52].  A study based on 

computer modeling predictions and environmental samples analyzed from the greater 

Baltimore area in Maryland by Halden and Paull on the co-occurrence of triclosan and 

triclocarban concluded that triclocarban “has been an over-looked and under-reported 

toxic contaminant of U.S. water resources for a number of years and possible for as 

long as half a century” [52].  The authors also predict that triclocarban would most likely 

tie with triclosan for fifth place as one of the OWCs most frequently detected in U.S. 

streams [52].   

Following is a review of the literature for both triclosan and triclocarban.  More 

information exists on the ecotoxicological effects of triclosan than triclocarban.  In 

addition, most of the studies reviewed were standard acute toxicity tests and did not 

explore either compound’s potential to bio-accumulate or act as an endocrine disruptor, 

a phenomena that usually occurs at levels far below those that cause lethality and 

cannot be observed at higher concentrations due to an “overloading” of the endocrine 

system.   
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The focus of my dissertation research was to (1) evaluate the developmental 

toxicity of triclosan and triclocarban to the South African clawed frog, Xenopus laevis, 

(2) to assess the ability of triclosan and triclocarban to bio-accumulate in Xenopus 

laevis at three different life stages, and (3) to evaluate the ability of triclosan to act as an 

endocrine disruptor.    The South African clawed frog was chosen for several reasons.  

The species is easily purchased in the United States at various life stages.  They 

require relatively little care and maintenance, can be bred year round, and its physiology 

and life cycle have been well studied.  In addition, Xenopus laevis has been used 

extensively in research.  For example, the frog embryo teratogenesis assay – Xenopus, 

also known as the FETAX assay, which tests for teratogenicity and acute toxicity, has 

gone through 10 years of validation, resulting in a standardized ASTM protocol.  The 

OECD has developed methods for testing chemicals with an amphibian metamorphosis 

assay (hind limb development) that uses Xenopus laevis.  In addition, the species has 

been used to assess for potential endocrine disruption with various other endpoints 

such as tail resorption and rate of metamorphosis.  Most recently, Xenopus laevis has 

been chosen by the U.S. Environmental Protection Agency (EPA) as one of the animal 

models to be used to assess the effects of endocrine disrupting compounds on thyroid 

axis disruption.  This choice has resulted in the development of new bioassays that 

incorporate molecular endpoints, biochemical endpoints and histological endpoints 

along with traditional apical endpoints such as gross malformations, hind limb 

development and tail resorption.   
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BACKGROUND INFORMATION ON TRICLOSAN 

 Triclosan (2,4,4’–trichloro-2’–hydroxydiphenyl ether) is a broad-spectrum biocide 

manufactured by Ciba Specialty Chemicals in Basel, Switzerland.  Triclosan, a member 

of the bisphenol class of compounds, functions as an antimicrobial agent in a variety of 

products including soaps, detergents, surface cleansers, disinfectants, cosmetics, and 

other topical personal care products [1,2,47].  In addition, triclosan can be found in 

pharmaceuticals and oral hygiene products [1] as well as plastics and fabrics [3].  

Typically, triclosan concentrations range from 0.1 to 0.3% (w/w) in consumer products 

[2].  However, many healthcare institutions use products with as much as 1% triclosan 

[49].  Approximately 96% of all triclosan uses are in consumer products, which are 

usually disposed of down residential drains [4].  Given this route of disposal, a potential 

for triclosan to enter human drinking water supplies and water bodies exists if it is not 

completely removed by local wastewater treatment facilities.  Although triclosan is not 

considered to be toxic at low levels to humans [4], chronic exposure to sub-lethal 

concentrations may result in microbial resistance or effects on aquatic organisms.   

 

History of Triclosan as a Biocide 

 Triclosan has long been considered an effective biocide.  “By their very nature, 

biocides are too toxic to be used internally” and “tend to have a broader spectrum of 

activity than do antibiotics” [5].  This broader spectrum of activity does not mean that the 

biocide lacks target specificity but a mutation within a single target is not likely to result 

in treatment failure since biocides act on multiple targets [5].  Conversely, antibiotics do 

not have a broad spectrum of activity and often act on a single pharmacological target 
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[6].  This single target may not be present or available in all groups of microorganisms, 

which explains why antibiotics are only effective for select, sensitive organisms [5].   

One recent study suggested that triclosan is not a multi-target agent (biocide) but acts 

like an antibiotic, affecting only one or two cellular targets [5].  McMurray et al. [3] 

uncovered a single mutation that is responsible for triclosan resistance in Escherichia 

coli.  This team showed that triclosan works by blocking lipid synthesis in E. coli.  By 

inducing a mutation in the fabI gene, which encodes the enoyl reductase that is involved 

in fatty acid synthesis, McMurray et al. were able to prevent triclosan from blocking lipid 

synthesis, thus creating a resistant mutant.  This discovery is disconcerting, since many 

currently used therapeutic agents also work by inhibiting enoyl reductase.  Therefore, 

chronic exposure to sub-lethal concentrations of triclosan could result in microbial 

resistance to these currently used therapeutic agents.  For example, isoniazid, the most 

widely used anti-tuberculosis drug, targets the enoyl reductase of Mycobacterium 

tuberculosis [7].  Diazaborine, an experimental family of antibacterial agents [8], and 

hexachlorophene, a biocide [9], also work by targeting enoyl reductase in E. coli.   

However, other research has shown that the interaction of triclosan with bacteria is 

more complex [48].  Gomez Escalada et al. [48] noted that “low concentrations of 

triclosan affected the growth of several bacteria, while higher concentrations were 

bactericidal regardless of the bacterial phase of population growth.”  At low 

concentrations, growth inhibition may be a result of a stress response along with some 

mechanistic action, such as efflux pumps, which reduce the effects of triclosan; whereas 

at high concentrations, the bactericidal effects of triclosan are swift probably due to the 

bisphenol’s effect on membrane activity [48]. 
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Whether triclosan works on single or multiple targets does not change the fact 

that bacterial resistance mechanisms to triclosan are very similar to those expressed for 

antibiotics “including target mutations, enzymatic inactivation/modification (degradation), 

increased target expression and, perhaps most importantly, widespread multidrug efflux 

pumps” [47].  Although concentrations of triclosan are usually higher in commercial 

products than those used in laboratory settings, the rapid bactericidal effect observed in 

Gomez Escalada’s research does not occur for every species/strain of bacteria.  In fact, 

some species can tolerate and are resistant to triclosan concentrations up to 1%, which 

is typical of many commercially available products [48].  On the bright side, the clinical 

importance of triclosan primarily involves its ability to combat Gram-positive skin 

infections [10], but the majority of reported triclosan resistance has been in Gram-

negative bacteria [5].  However, Heath et al. [9] found similarities between the enoyl 

reductase of E. coli and Staphylococcus aureus and found that mutations in the S. 

aureus fabI gene also conferred triclosan resistance.  In addition, triclosan resistance to 

a Gram-positive methicillin/multi-drug resistant S. aureus (MRSA) was described by 

Haley et al. in 1985 [11].  MRSA infections historically have been restricted to hospitals 

and treated topically with triclosan, vancomycin or mupirocin.  The occurrence of MRSA 

infections increased during the 1990s and was reported by physicians in general 

practice and in residential homes [12].   

As a general rule, antibiotics only retain their clinical effectiveness for five to ten 

years, depending on the intensity and nature of use [5], before resistance evolves in the 

target organisms.  Triclosan has been relatively effective for the past 30 years with very 

few cases of resistance reported.  However, triclosan use has increased steadily in the 
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past 30 years both in the United States and Europe, resulting in a greater potential for 

resistance.  In addition, triclosan use shows no sign of slowing down in the future and 

will most likely continue to increase.  Perhaps even more worrisome is the fact that 

triclosan is “extremely stable in the environment and low residual levels might 

encourage preferential survival of triclosan-resistant mutants” [47].   

 

Current Estimates of Triclosan Use 

With the steady increase in triclosan use over the last 30 years, the potential 

exists for greater quantities of the chemical to reach water bodies through the discharge 

of wastewater effluent.  McAvoy et al. [2] estimate that communities in Ohio, USA use 3 

to 5 mg/capita/day of triclosan in various consumer products.  In Switzerland, 

consumers are estimated to use 0.31 to 0.76 mg/capita/day or approximately 200 

mg/capita/year [13].  This value is similar to consumption data from Sweden, which 

estimates consumer use for triclosan to be 220 mg/capita/year [14].    

 

Triclosan Concentrations in Influent and Effluent Waters of WWTPs 

High consumer use of triclosan has resulted in measurable concentrations of the 

biocide in influent and effluent of waste water treatment plants (WWTPs).  Five facilities 

in Ohio, USA had influent triclosan concentrations that ranged from 3.8 to 16.6 ppb and 

final effluent concentrations of 0.24 to 2.7 ppb.  Via waste water treatment processes, a 

58.0% to 96.2% reduction in triclosan was observed in Ohio with removal dependent on 

treatment type [2].  At a single site in Denton, Texas, USA the median influent 

concentration of triclosan across all seasons ranged from 2.7 to 26.8 ppb with a median 
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concentration of 5.95 ppb.  The effluent concentration for the same site and time period 

ranged from 0.03 to 0.25 ppb with a mean of 0.11 ppb [15].  Removal rates for the 

Denton, Texas site ranged from 97.1 to 99.0%, depending on the time of year [15].  

Lopez-Avila and Hites [16] analyzed samples from Rhode Island and reported triclosan 

effluent concentrations of 10 to 20 ppb.  Halden and Paull [52] analyzed samples from 

an activated sludge wastewater treatment system serving the greater Baltimore region 

in Maryland, USA.  They reported an average influent concentration of 6.1 ppb, an 

average effluent concentration of 0.035 ppb, and an average removal efficiency of 

>99% [52].  At four plants in the United Kingdom, influent triclosan concentrations 

ranged from 7.5 to 21.9 ppb.  Final effluent concentrations for these facilities ranged 

from 0.34 to 1.10 ppb with removal rates of 90.8% to 95.5% [1].  For seven WWTPs in 

the Lake Greifensee catchment area, Switzerland, influent triclosan concentrations 

ranged from 0.500 ppb to 1.300 ppb and final effluent concentrations ranged from 0.07 

to 0.650 ppb, with overall removal rates of 44% to 92% [13].   Paxeus [17] measured 

triclosan concentrations in effluent waters in Sweden to be as high as 500 ppb.  In 

general, triclosan is efficiently removed from wastewaters treated via an activated 

sludge system.  Furthermore, the concentrations entering sewage treatment plants does 

not appear to adversely impact treatment plant processes and “represents little risk to 

treatment plant operation” [53].  A summary of reported influent and effluent 

concentrations of triclosan is provided in Table 1.   
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Table 1.  Summary of reported influent and effluent concentrations for triclosan 
Location 

(No. of Facilities) 
Influent Conc. 

(ppb) 
Effluent Conc. 

(ppb) 
Removal Rate 

(%) 
Ohio, USA 

(5) 
3.8-16.6 0.24-2.7 58-96.2 

Denton, Texas, 
USA 
(1) 

2.7-26.8 0.03-0.25 97.1-99.0 

Rhode Island, 
USA 
(unk) 

NR 10-20 NR 

Baltimore, 
Maryland, USA 

(1) 

6.1 
 

0.035 >99 

United Kingdom 
(4) 

7.5-21.9 0.34-1.10 90.8-95.5 

Switzerland 
(7) 

0.500-1.300 0.07-0.650 44-92 

Sweden 
(unk) 

NR Up to 500 NR 

NR = not reported; unk = unknown 
 

Triclosan Concentrations in Water Bodies 

Effluent waters from WWTPs are typically discharged into water bodies, resulting 

in measurable concentrations of triclosan in surface waters.  In a survey of 

pharmaceuticals, hormones, and other organic wastewater contaminants, the U.S. 

Geological Survey reported that triclosan was one of the most frequently detected 

compounds in U. S. streams [18].  Triclosan concentrations were analyzed in samples 

taken from 85 different streams and detected in 48 (57.6%) of the streams surveyed.  

The maximum concentration detected was 2.3 ppb with a median concentration of 0.14 

ppb [18].  For a complete list of triclosan concentrations reported by the U.S. Geological 

Survey, see Appendix A.  A second study by the U.S. Geological Survey analyzed for 

triclosan in 73 untreated sources of drinking water (both ground and surface water).  

Triclosan was detected in 8.1% of the samples at concentrations less than 1.0 ppb [50].  
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A third study by the U.S. Geological Survey collected 76 water samples from sites 

upstream and downstream of towns and cities in Iowa, USA during different flow 

conditions. Triclosan was detected in 10% of the samples at low-flow conditions and 

had a maximum concentration of 0.14 ppb [51].  Waltman [15] analyzed triclosan 

concentrations in Pecan Creek, Denton, Texas, USA approximately 300 meters 

downstream of the WWTP effluent discharge site.  The triclosan concentrations ranged 

from 0.03 to 0.29 ppb with a median value of 0.11 ppb [15]. Another study by Coogan et 

al. [79] analyzed water samples from the same creek in Denton, Texas, USA. The 

researchers collected water samples from four different sites up and down stream of the 

waste water treatment plant outfall in Pecan Creek [79].  Site 1 was a reference site 

upstream of the outfall.  Site 2 was at the outfall and Sites 3 and 4 were downstream of 

the outfall.  Water concentrations ranged from <0.01 (reference site) to 0.12 ppb (outfall) 

[79].  Yu and Chu [54] collected water samples from the West Prong Little Pigeon River 

in Tennessee, USA.  The West Prong is one of three tributaries that merge with the 

Little Pigeon River which flows through Great Smoky Mountains National Park.  

Samples were taken outside of the park around two wastewater treatment plant outfalls.  

Triclosan was detected (0.193 ppb) at one outfall located approximately 0.5 km 

downstream of the park boundary but was not detected at a site very close to the park 

boundary (upstream of the outfall), 3 km downstream from the first outfall or at the 

second wastewater outfall site [54].  Wilson et al. measured triclosan concentrations in 

both the water column and the surface layer of the sediments from six different sites in 

the Hudson River Estuary, USA [55].  In the water column, triclosan concentrations 

ranged from 0.001 to 0.009 ppb with a mean of 0.003 ppb. These concentrations are 
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lower than those detected elsewhere probably due to the high diurnal flux of water 

moving through the tidally influenced estuary [55].  Triclosan concentrations in the 

surface layer of the sediments ranged from 2 to 37 ppb with a mean of 20 ppb, implying 

that the sediments act as a sink for triclosan in the Hudson River Estuary [55].  Boyd et 

al. [56] collected samples from five different sites over a six month period around New 

Orleans, Louisiana, USA.  The sites include two storm water canals (Orleans and 

London canals) which deposit directly into the Mississippi River or Lake Pontchartrain; 

Bayou St. John which is a recreational waterway supplied by Lake Pontchartrain; the 

Mississippi River; and Lake Pontchartrain.  The Orleans and London canals had 

maximum concentrations of 0.02 ppb and 0.029 ppb, respectively.  No triclosan was 

detected in Bayou St. John.  Lake Pontchartrain had a maximum concentration of 0.015 

ppb and the Mississippi River had a maximum concentration of 0.003 ppb [56].  In 2004 

Haggard et al. sampled 18 sites on seven different rivers up and down stream of waste 

water effluent discharge sites plus one control stream in northwestern and north-central 

Arkansas [58].  Triclosan was detected in 24% of the samples collected and ranged in 

concentration from 0.062 ppb to 0.250 ppb with a median value of 0.130 ppb [58].  

Loraine and Pettigrove [57] surveyed raw and finished drinking water along with 

reclaimed wastewater in San Diego County, California, USA during different times of the 

year.  The samples were taken from four water filtration plants for which the primary 

sources of water are the Colorado River (via a 240-mile aqueduct that empties into local 

reservoirs) and the California State Water Project, which is “a system of reservoirs, 

ground water banks, and aqueducts that collect and store precipitation from the wetter 

northern part of the state and transport it to the more populous south” [57].  Similar to 
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the study in Iowa, triclosan concentrations were higher during low-flow, dryer times of 

the year.  Triclosan was detected in only 1 out of 13 raw drinking water samples at a 

concentration of 0.734 ppb.  Triclosan was also detected in only 1 out of 15 samples of 

finished drinking water at the same concentration; however, the compound was 

detected in half the samples (3/6) of reclaimed wastewater with a mean concentration of 

1.43 ppb [57].  Triclosan concentrations in surface waters reported in Switzerland range 

from <0.0004 to 0.074 ppb [13].    

 

Triclosan Concentrations in Agricultural Soils 

 Another by-product of the waste water treatment plant process is sludge, which 

can be converted to biosolids and applied to agricultural land, residential areas, mine 

reclamation and forestry projects [59, 60].  Biosolids are rich in organic carbon and 

other nutrients, making them a good fertilizer [59].    In the United States, approximately 

50% of all biosolids produced are land applied [59, 60, 63]; whereas in Europe only 

about 37% of the biosolids are land applied [61].  Due to its moderate octanol-water 

partitioning coefficient, triclosan preferentially partitions into organic material such as 

sludges and biosolids [59, 62] during waste water treatment.   Therefore, applied 

biosolids may be a source of environmental exposure to triclosan from soils directly and 

from water bodies which receive agricultural runoff [62].  Cha and Cupples [63] 

analyzed biosolids from three WWTPs in Michigan, USA.  The concentration of triclosan 

in the biosolids ranged from 90 to 7060 ng/g dry weight during the study period.  The 

team also analyzed soil samples from ten agricultural sites over a two year period that 

had previously been amended with biosolids from one of the three treatment plants 
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investigated.  The agricultural sites chosen were all within 100 miles of Grand Rapids, 

Michigan, USA [63].  The concentration of triclosan in the soils ranged from less than 

0.05 to 1.02 ng/g dry weight  [63].  Kinney et al. [60] also measured triclosan 

concentrations in biosolids and agricultural fields in the Midwestern United States on 

two different dates (May/June and September) in 2005.  The team chose three sites.  

Site 1 had no soil amendments, Site 2 was amended with biosolids, and Site 3 was 

amended with swine manure.  The biosolids from the same WWTP used to amend Site 

2 with had a triclosan concentration of 10,500 µg/kg dry weight.  For Site 1 (no 

amendments), concentrations of triclosan in the soil measured 833 µg/kg dry weight in 

June but were not detected in September.  For Site 2 (biosolid amended), 

concentrations of triclosan measured 160 µg/kg dry weight in May but were reduced to 

96 µg/kg dry weight by September.  For Site 3 (swine manure amended) concentrations 

of triclosan were 69 µg/kg dry weight in May but were not detected by September [60].  

The high concentration of triclosan at Site 1 could not be accounted for.  The reduction 

in triclosan concentration at each site from spring to fall is most likely a result of 

“degradation,  volatilization, or leaching occurring between application and sampling 

dates, or interaction between these compounds and the surrounding soils”  [60].   Other 

studies have shown that aerobic microbial degradation is a leading mechanism for the 

removal of triclosan in soils [64] but that biodegradation can be hindered by the 

compounds tendency for sorption [65].  After reviewing the literature, Al-Rajab et al. 

concluded that for triclosan in soil the transformation and sorption characteristics “vary 

significantly according to the physical and chemical characteristics of the biosolids 
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applied, and edaphic factors (e.g. temperature and soil moisture) that could limit aerobic 

microbial activity” [62].   

 

Physicochemical Properties of Triclosan 

A review of triclosan’s physicochemical properties aids in explaining its fate in 

water bodies and soils (see Table 2). Triclosan is not very soluble in water and is 

relatively nonvolatile.  In addition, a large portion of triclosan found in water bodies is in 

the ionized form (see Fig. 1) and triclosan is stable to hydrolysis between pHs of 4 and 

9 [1].  Due to its low vapor pressure and stability against strong acids and bases, 

elimination of triclosan via gas exchange or chemical hydrolysis in water is negligible 

[19].  Triclosan is highly sorptive to organic matter.  When in contact with suspended 

solids from wastewater effluent or suspended sediments and DOC from rivers, the 

concentration of triclosan in the water column is reduced [1].  However, only the 

unionized form of triclosan is assumed to sorb and to complex with DOC [1].  Based on 

sedimentation of triclosan sorbed to suspended solids and aqueous biolysis, 

downstream dissipation was estimated to be 11.3 h using the river die-away method.  

This estimate was determined from measurements made over 8 km of Cibolo Creek in 

south-central Texas, USA, following a discharge from a WWTP [20].  A second estimate 

using the river die-away study and accounting for dilution in the River Aire in the United 

Kingdom was 3.3 h [21].  Singer et al. [19] estimated a sedimentation rate constant of 

0.003 d-1 based on data collected for Lake Greifensee in Switzerland.  In addition, they 

profiled triclosan concentrations in a sediment core taken from the middle of Lake 

Greifensee.  Results showed that degradation was slow and that triclosan was fairly 
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persistent in the sediment (see Figure 2) [19].  Christensen [22] conducted experiments 

on aerobic biodegradation in three soils:  a silt loam from Arkansas, a loam from 

Kansas, and a sandy loam from Wisconsin.  Calculated half-life ranged from 17.4 to 

35.2 days.  A second laboratory study estimated the half-life of triclosan in soil to be 18 

days [64]. 

 Another important degradation process for triclosan is photolysis.  Spare [23] 

irradiated a triclosan solution in Nanopure water, at pH 7 with artificial sunlight, and 

reported a photolysis rate of 1.68 x 10-2 min-1.  However, the pKa of triclosan is in the pH 

range commonly encountered in surface waters, therefore, phototransformation rate 

estimates should include both the molecular and ionic form.  With increasing pH, an 

increasing fraction of ionized triclosan is expected in surface waters.  In addition, “the 

transformation of the anionic form under sunlight is expected to be much faster than the 

transformation of the molecular form” [24].  For example, under laboratory conditions, 

direct phototransformation of triclosan increased by a factor of about 30 when pH was 

increased from 5.9 (99% molecular form) to 11.0 (99.9% ionic form) [24].  Dissolved 

organic matter (DOM) also affects the phototransformation rate of triclosan by acting as 

a light absorber and photosensitizer [25].  Laboratory experiments showed that the 

presence of organic matter in samples led to a 20% decrease in the 

phototransformation rate of triclosan [24].  Other environmental factors that affect 

phototransformation include latitude, season, time of day, average ozone layer 

thickness, and water absorption.  For rivers, additional factors include flow rate, 

turbulence rate, and cross-sectional profile.  Models based on data collected from Lake 

Greifensee show that the direct phototransformation of the ionic form is the main 
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elimination process for triclosan during the summer months and accounts for 80% of the 

overall elimination.  Daily averaged half-lives, calculated under various environmental 

conditions typical for surface waters, varied from 2 to 2000 days, depending primarily on 

latitude and time of year [24].   

 Triclosan can be transformed into methyl triclosan, most likely through biological 

methylation.  Measurements taken from WWTPs in the Lake Greifensee catchment 

area in Switzerland show equal or higher levels of methyl triclosan in the effluent than in 

the corresponding influent, indicating that methyl triclosan is formed in these 

installations.  Methyl triclosan emissions from WWTPs are estimated at approximately 

2% relative to triclosan emissions [13].  However, during summer months, the fraction of 

methyl triclosan is ~ 30% relative to those of triclosan, and concentrations nearly reach 

those of triclosan.  Due to its physicochemical properties, the fate of methyl triclosan 

differs from triclosan.  Methyl triclosan, like ionized triclosan, is relatively stable towards 

photodegradation at both high and low pHs.  Due to its higher log Koc value (log Koc = 

4.6), the fraction of methyl triclosan bound to particulate organic matter is greater than 

triclosan and is calculated in Lake Greifensee to be 2 to 8% and <2%, respectively.  

Methyl triclosan also has a greater sorption/sedimentation rate (0.001-0.0044 d-1) than 

triclosan so this process may contribute to the overall removal of methyl triclosan.  In 

addition, methyl triclosan has a higher log Kow value (log Kow = 5), making it more 

lipophillic and more bioaccumulative than triclosan.  In fact, investigations in Switzerland 

show that methyl triclosan appears to be preferentially accumulated in semi-permeable 

membrane devices (SPMDs).  Analysis of SPMD samples from Greifensee and 

Zurichsee showed the presence of methyl triclosan but not triclosan itself [13].  The 

16 

 



concentrations of methyl triclosan detected in the SPMDs were comparable to those of 

persistent chlorinated organic pollutants also found in the samples [13].   

 

Table 2.  Summary of physicochemical properties of triclosan [1] 
Property 

 
Value 

Molecular weight 289.6 

Water solubility 12 mg/L 

Dissociation constant (pKa) 8.14 at 20° C 

Vapor pressure 7 x 10-4 Pa at 25° C 

Partition coefficient (log Kow) 4.8 

Aerobic biodegradation in soil 17.4-35.2 d half-life 

Aqueous photolysis 41 m half-life at pH of 7 and 25° C 

Adsorption to suspended solids (Koc) 47,454 ml/g 

 

 

Fig. 1.  Structure of triclosan, ionized triclosan and methyl-triclosan [13]. 
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Fig. 2.  Depth profile of triclosan concentration determined in Lake Greifensee sediment 
[19]. 

 

Bioaccumulation/Bioconcentration of Triclosan 

 

Bioconcentration in Humans 

Because of its physicochemical properties and presence in soil and water bodies, 

triclosan has the potential to accumulate in humans, other animals and plants.  In 

addition, humans are exposed to triclosan via ingestion and dermal absorption, 

especially when they use products that contain the agent [66].  In an in vitro study 

conducted by Moss et al. [68], researchers found that 6.3% of the triclosan applied to 

human skin had penetrated the skin 24 hours after application.  In another study, 

participants (Swedish adults) were asked to swallow a single dose of an oral 

mouthwash.  The researchers calculated a half-life of 11 hours based on urinary 

excretion [69].  Calafat et al. analyzed urine samples from 2,517 participants of the 

2003-2004 National Health and Nutrition Examination Survey (United States) who were 

six years old or older.  They detected triclosan in 74.6% of the samples at 
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concentrations ranging from 2.4 to 3,790 ppb.  Although there were no differences 

based on ethnicity or gender, triclosan concentrations were highest for people in their 

twenties and for people from the highest household income levels [66].  In another study 

of 90 pre-pubertal girls (mean age of 7.77 years), triclosan was detected in the urine of 

67.8% of the samples with a median concentration of 5.9 ppb [67].   

 Triclosan has also been detected in blood plasma.  In a Swedish study of 10 

blood samples obtained from donors (males, age 30-40 years old), researchers found 

more than 100 phenolic halogenated compounds, including triclosan [70].   In the same 

study discussed previously with Swedish adults swallowing a single dose of an oral 

mouthwash, researchers estimated a plasma half-life of 21 hours, but triclosan levels 

did not return to baseline for up to 8 days after exposure [69].  They observed that the 

concentrations of triclosan in plasma increased rapidly with the highest plasma 

concentrations occurring within the first 3 hours after exposure [69].  In an Australian 

study, researchers looked at the influence of age, gender, and area of residence on 

blood serum concentrations of triclosan.  Concentrations ranged from 4.1 to 19 ng/g.  

Area of residence had no influence, but, in general, males had higher concentrations 

than females.  Additionally, the highest concentrations of triclosan were found in the 31-

45 year old age group (males and females combined) [71].   In a study of Swedish 

nursing mothers, researchers analyzed triclosan concentrations in plasma, comparing 

values between mothers who used triclosan containing products (exposure group) and 

those who did not (control group) [72].   Concentrations were significantly higher in the 

exposure group, ranging from 0.40 to 38 ng/g fresh weight.  The control group’s plasma 

concentrations ranged from 0.010 to 19 ng/g fresh weight [72].   
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 In the same study of nursing mothers, researchers also analyzed the 

concentrations of triclosan in breast milk.  Again, concentrations were significantly 

higher in the exposure group, ranging from 0.022 to 0.95 ng/g fresh weight.  The control 

group’s milk concentrations ranged from <0.018 to 0.35 ng/g fresh weight.  

Concentrations of triclosan in both plasma and milk were not dependent on mother’s 

age, body mass index, days postpartum, or number of triclosan containing products 

used [72].  Because triclosan was found in samples from the entire study population, the 

researchers concluded that personal care products are the dominant source of 

exposure but not the only source of triclosan exposure.  In addition, by extrapolating 

from values measured in the mothers, the researchers estimated that the daily intake of 

triclosan via breast milk for infants would range from <11 to 570 ng/day [72].  Therefore, 

they concluded that “the infant is exposed to a considerably smaller dose of triclosan via 

the breast milk compared to the dose in the mother.  “The direct contact with products 

containing triclosan may be of more importance than breast milk for the exposure of the 

infant” [72].  In a second study, 5 milk samples were analyzed from the Mothers’ Milk 

Center in Stockholm, Sweden.  Three of the 5 breast milk samples contained high levels 

of triclosan.  Values ranged from <20 to 300 µg/kg lipid weight [73].   

 Although triclosan has not been shown to accumulate in humans, the habitual 

use of triclosan containing products results in chronic exposure via dermal and mucosal 

routes.  The outcome of this exposure is the “chronic systemic circulation of triclosan in 

humans” [71].  For example, Bagley and Lin [74] showed that normal toothpaste use 

over a 12 week period resulted in chronic systemic circulation of triclosan in the blood at 

concentrations ranging from 14 to 21 ppb.  However, even people who do not use 
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triclosan containing products have the chemical in their blood, urine and breast milk, 

probably due to its omnipresence in the environment.  A risk assessment of triclosan 

exposure via drinking water by Blanset et al. concluded that there is little risk to human 

health based on concentrations reported in U.S. streams [75].  Based on toxicology 

data, they calculated an acceptable daily intake of 0.05 ppm per day for triclosan but 

only estimated an exposure of 0.193 mg/kg per day [75].  Unfortunately, humans are 

exposed to triclosan from a variety of sources not just drinking water and this 

assessment did not estimate risk based on total human exposure to triclosan from 

environmental and personal care product sources. 

 

Bioconcentration and Accumulation in Other Animals 

 Besides for humans, triclosan has also been found in the blood and tissues of 

other animals.  Fair et al. [76] measured the concentration of triclosan in the plasma of 

wild Atlantic bottlenose dolphins from two estuaries in the southeastern United States.  

Of the dolphins sampled near Charleston, South Carolina, USA, 31% had detectable 

levels of triclosan in their plasma with concentrations ranging from 0.12 to 0.27 ng/g wet 

weight. Of the dolphins sampled in Indian River Lagoon, Florida, USA, 23% had 

detectable levels of triclosan in their plasma with concentrations ranging from ng/g wet 

weight.  For both sites, the triclosan plasma concentrations in the remaining individual’s 

sampled were below the detection level.  Interestingly, the amount of triclosan in the 

estuarine water was in the parts per trillion range (average 7.5 ng/L), demonstrating that 

triclosan did accumulate in the plasma of the dolphins inhabiting the coastal estuaries 

[76].  Triclosan was also found in the bile of wild living fish caught in receiving waters 
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2.5 kilometers downstream of various sewage treatment plants in Sweden.  The amount 

of triclosan in the bile of a wild roach fish was 4.4 mg/kg fresh weight, in the bile of a 

perch was 0.44 mg/kg fresh weight, and in the bile of eelpout ranged from 0.24 to 0.37 

mg/kg fresh weight [73].  Triclosan was also found in the tissue of freshwater snails.  

The snails were caged for two weeks directly below the outfall of the waste water 

treatment plant in Denton, Texas, USA.  After the exposure period, the snail tissue was 

pooled and analyzed for both triclosan and methyl triclosan.  Triclosan concentrations 

measured 58.7 ppb and methyl triclosan concentrations measured 49.8 ppb [77].  The 

receiving waters had values of 0.112 ppb and 0.041 ppb for triclosan and methyl 

triclosan respectively, indicating bioaccumulation factors of approximately 500 and 1200 

for the two compounds [77].  Methyl triclosan was also detected in whole body samples 

of male common carp collected from Las Vegas Bay, Lake Mead, Nevada, USA.  For 29 

common carp, methyl triclosan concentrations ranged from 20 to 2800 ppb with an 

average of 600 ppb [78].   

Bioaccumulation in aquatic organisms has also been observed in laboratory 

studies.  Bioaccumulation studies were performed with triclosan on Danio rerio.   The 

average accumulation factor over the five-week period was 4,157 and 2,532 at triclosan 

concentrations of 3 ppb and 30 ppb, respectively.  Fish tissues were analyzed as three 

groups:  muscle, digestive system including stomach and intestines, and head.  

Analyses showed that triclosan tissue concentrations were greatest in the digestive 

tract, whereas head and muscle triclosan concentrations were similar.  After a two-week 

depuration period, the average accumulation factor was 41 and 32 at triclosan 

concentrations of 3 ppb and 30 ppb, respectively [26]. 
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For the terrestrial environment, one study shows that earthworms accumulate 

triclosan from soil interactions.  Kinney et al. [60] measured triclosan concentrations in 

earthworms collected from agricultural fields in the Midwestern United States on two 

different dates (May and September) in 2005.  The team chose three sites.  Site 1 had 

no soil amendments, Site 2 was amended with biosolids, and Site 3 was amended with 

swine manure.  Only earthworms from Site 2 (biosolid amended) contained detectable 

levels of triclosan.  The earthworm tissues contained an average of 1,740 µg/kg dry 

weight of triclosan in May and an average of 2,610 µg/kg dry weight in September.  The 

soils contained an average of 160 µg/kg dry weight and 96 µg/kg dry weight for May 

and September, respectively.  These values indicate bioaccumulation factors of 10.8 

(May) and 27 (September) for triclosan in earthworms [60].   

 

Bioaccumulation in Plants 

Some plants may also accumulate triclosan.  One study analyzed algal lipids for 

the presence of triclosan and methyl triclosan.  The researchers collected algae from 

four different sites up and down stream of the waste water treatment plant outfall in 

Pecan Creek, Denton, Texas USA [79].  Site 1 was a reference site upstream of the 

outfall.  Site 2 was at the outfall and Sites 3 and 4 were downstream of the outfall.  

Average algal lipid concentrations of triclosan ranged from 109 to 146 ppb.  Water 

concentrations ranged from 0.06 to 0.12 ppb.  Calculated bioaccumulation factors for 

triclosan were 900, 1800 and 2100 for Sites 2, 3 and 4, respectively with a mean 

bioaccumulation factor of 1600 [79].  Methyl triclosan was also detected in the algal lipid 

with mean concentrations ranging from 50 to 89 ppb.  Water concentrations of methyl 
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triclosan ranged from 0.05 to 0.08 ppb. The bioaccumulation factors for methyl triclosan 

were 700, 1500 and 1000 for Sites 2, 3 and 4, respectively with a mean 

bioaccumulation factor of 1100 [79].   

 

Known Effects of Triclosan on Organisms 

 Although it is necessary to know the quantity and fate of triclosan reaching 

different environmental compartments, the more important question is what effect 

triclosan is having on the organisms that live in the different compartments.  Below is a 

summary of known effects on microorganisms, plants, amphibians, other aquatic 

species and mammals. 

 

Microorganisms 

Orvos et al. [26] showed that WWTP bacteria were relatively unaffected by 

triclosan at concentrations of 3 and 10 mg/L, and exhibited only a 0.5 and 1.4% 

inhibition of glucose utilization, respectively.  Another study by Neumegen et al. [80] 

looked at the effects of triclosan on the biological oxygen demand (BOD) degradation 

activity of microorganisms found in activated sludge.  The researchers calculated an 

EC50 of 1.82 ppm and concluded that, although triclosan was highly toxic to the 

microorganisms found in activated sludge, the EC50 value was much higher than those 

reported in the literature for crustaceans, algae and fish [80].  Harada et al. [85] 

assessed the toxicity of triclosan on bacteria and protozoa.  The team exposed the 

marine bacteria Vibro fischeri to triclosan using the Microtox® acute toxicity test and 

exposed the protozoa Tetrahymena pyriformis to triclosan using the protozoan growth 
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inhibition test.  The researchers determined that triclosan did inhibit the luminescence of 

the bacteria and calculated a 15 minute EC50 of 0.52 ppm.  In addition, they calculated a 

96 hour EC50 of 0.21 ppm for the protozoa [85].  A second team of researchers also 

performed the Microtox® acute toxicity test on V. fischeri in both an aqueous and 

sediment matrix.  After exposure to triclosan, this team calculated an average aqueous 

IC50 of 53 ppb and an average sediment IC50 of 616 ppb [88].  Johnson et al. [86] 

investigated the toxicity of triclosan on a freshwater bacterium (Caulobacter crescentus) 

and on a planktonic microbial community retrieved from Lake Geneva, Switzerland.  At 

concentrations up to 250 uM, bacteria growth was repressed, with the degree of 

repression dependent on the culture conditions.  The bacteria was more sensitive when 

grown in a high glucose, high cell density environment than when grown in sterilized 

lake water with low cell densities [86].  The planktonic community was more sensitive 

than the bacteria, exhibiting repress growth and change in the community composition 

at concentrations of 10 nM triclosan [86].  The researchers concluded that their results 

show the importance of “assessing toxicity directly on natural microbial communities” 

and that “because 10 nM of triclosan is within the range of concentrations observed in 

freshwater systems, these results also raise concerns about the risk of introducing 

triclosan into the environment” [86].  Lawrence et al. [87] exposed pure cultures of 

different protozoa (Euplotes sp., Dileptus sp., Blepharisma sp., Stentor sp., 

Spirostomum sp., Euglena sp., Paramecium sp. and Rotifera) to triclosan in an effort to 

investigate the effects of the agent on river biofilm communities.  Most of the organisms 

did not suffer any adverse effects at triclosan concentrations up to 50 ppb.  However, 
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Paramecium trichium and Paramecium caudatum showed toxic effects at approximately 

0.75 ppb and 0.475 ppb triclosan, respectively [87].   

Liu et al. [81] assessed the effects of triclosan on soil microbial activity and 

functional diversity.  Triclosan inhibited soil respiration and phosphatase activity for the 

first few days following exposure at concentrations of 10 mg/kg and higher.  However, 

after the initial inhibition period, the microorganisms recovered probably because 

triclosan degrades quickly in soils and was no longer present at the same 

concentrations (initial concentrations ranged from 0.1 to 50 mg/kg in soil).  The 

researchers did not observe any adverse effects on microbial community functional 

diversity [81]. 

 

Plants 

Perhaps the most sensitive taxa to triclosan exposure are aquatic plants.  Orvos 

et al. [26] showed effects for some species at triclosan concentrations similar to those 

found in water bodies.  Algae and cyanobacteria along with Anabaena, the closest 

relative to the prokaryotes among the organisms tested, demonstrated the greatest level 

of sensitivity.  Skeletonema costatum, a marine diatom, and the duckweed Lemna gibba 

were much less sensitive to triclosan than the freshwater algae (see Table 3 for a 

summary of aquatic plant results).  DeLorenzo et al. [88] exposed the marine 

phytoplankton, Dunaliella tertiolecta, to triclosan via a standardized algae test with cell 

density as the endpoint.  The researchers observed a significant reduction in population 

cell density and calculated a 96 hour EC50 value of 3.55 ppb for D. tertiolecta exposed 

to triclosan [88].  In another study Yang et al. looked at the growth inhibiting effects of 

26 

 



triclosan on the freshwater green algae, Pseudokirchneriella subcapitata [82].    They 

calculated a 72-hour IC50 value of 0.53 ppb and concluded that “significant effects on 

algal growth would be expected at the concentrations reported in surface waters, 

particularly those affected by sewage effluents” [82].  Harada et al. also exposed 

Pseudokirchneriella subcapitata to triclosan using the algal growth inhibition test [85].  

They calculated a 96 hour EC50 of 12 ppb triclosan [85].  Wilson et al. studied changes 

in freshwater algal assemblages in Cedar Creek, Kansas USA from samples collected 

at sites up and downstream of the city of Olathe WWTP and spiked with 

environmentally relevant concentrations of triclosan [83].   The researchers observed 

that as the concentration of triclosan increased, algal genus diversity decreased.  They 

also concluded that triclosan “can significantly modify algal community structure in vitro, 

suggesting that there is also strong potential for corresponding effects on the structure 

and function of natural stream ecosystems that receive WWTP effluents containing 

these compounds” [83].  These results were supported by Lawrence et al. [87].  Along 

with the protozoa studies discussed above, the researchers also assessed the effects of 

triclosan on algae (Scenedesmus quadricauda, Selenastrum sp., Ulothrix sp. 

Ankistrodesmus falcatus, Oscillatoria tenius, Synedra sp. and Thalassiosira sp.) and 

cyanobacteria (Anabaena sp. Glaucosystis nostochinea, Lyngbya sp., Microcystis 

aeruginosa, and Nostoc sp.).    They observed a reduction in biomass for algae 

exposed to 10 ppb triclosan but did not observe a biomass reduction in cyanobacteria 

for studies performed in situ.  The team also noted that the following pure cultures of 

algae and cyanobacteria were inhibited by 10 ppb triclosan: Scenedesmus quadricauda, 

Lyngbya sp., Microcystis aeruginosa and Oscillatoria tenius  [87]. Lawrence et al. 

27 

 



concluded that exposure to triclosan caused a shift to a more heterotrophic community 

which “could result in shifts in both the nutrient processing capacity and the natural food 

web structure of river communities” [87].   

Table 3.  Summary of results for aquatic plant species exposed to triclosan [26]. 
Plant Species EC50 

(ppb) 
NOEC/LOEC 

(ppb) 
Selenastrum capricornutum 4.46 ND 
Scenedesmus subspicatus 

(biomass endpoint) 
0.7 0.5/1.2 

Scenedesmus subspicatus 
(growth rate endpoint) 

2.8 0.5/1.2 

Skeletonema costatum >66.0 ND 
Anabaena flos-aquae 0.97 ND 
Navicula pelliculosa 19.1 ND 

Lemna gibba >62.5 ND 
ND = not determined 

Due to the agricultural application of biosolids, triclosan also has the potential to 

effect terrestrial plants, including food staples.  In a study assessing the biochemical 

responses of wheat seedlings (Triticum aestivum L.) exposed to various triclosan 

concentrations (50 to 250 ppm), triclosan significantly inhibited both shoot and root 

elongation.  Shoot length decreased by 24.6 to 60.2% as triclosan concentrations 

increased, whereas root length decreased by 28.9 to 63.6% as triclosan concentrations 

increased [84].  The researchers also observed that chlorophyll synthesis in the leaves 

was inhibited at triclosan concentrations ranging from 0.2 to 3.0 ppm.  In addition, the 

amount of soluble protein in the leaves and roots was significantly inhibited for the same 

concentration range.  Inhibition increased with both concentration of triclosan and 

exposure time with the greatest effects observed after 21-days exposure [84].  For the 

same exposure period and treatment regime, triclosan also adversely impacted 

peroxidase and superoxide dismutases activity.  Based on their results, the researchers 
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concluded that triclosan had the greatest impact on wheat seedling root elongation 

followed by shoot elongation then germination rate [84].  In another study, Liu et al. 

investigated the phytotoxic potential of triclosan using rice (Oryza sative L.) and 

cucumber (Cucumis sativus L.) seeds [81].  For both seed types, shoot growth was less 

sensitive than root elongation.  For rice, root elongation was significantly inhibited in 

soils containing 10 mg/kg triclosan in soil, and for cucumbers, inhibition occurred in soils 

containing 30 mg/kg triclosan in soil [81].  The researchers concluded that rice 

seedlings were more sensitive than cucumber seedlings to triclosan, particularly for root 

elongation [81].    

 

Amphibians 

Harada et al. [85] exposed embryos of the South African clawed frog (Xenopus 

laevis) to various concentrations of triclosan.  They followed the guidelines for the 

standardized FETAX protocol with minor modifications.  The researchers calculated a 

96 hour LC50 of 0.82 ppm for X. laevis exposed to triclosan [85].  In another study with 

X. laevis, researchers investigated the potential of triclosan to affect behavior, growth, 

and survivorship of tadpoles [93].  Triclosan had no effect on startle response or 

survivorship, however, their activity level (movement and feeding) was less than the 

control at 0.23, 2.3, 23 and 230 ppb.  In addition, the final mass of tadpoles in the 

highest concentration (230 ppb) was less than all of the other treatments [93].  This 

study was repeated on the northern leopard frog, Rana pipiens [94], and the American 

toad, Bufo americanus [95].  For the northern leopard frog, at all concentrations (0.23 to 

230 ppb), the activity level of the tadpoles was decreased compared to the controls.  In 
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addition, at 230 ppb, triclosan adversely affected startle response and the tadpoles had 

a decreased survivorship [94]. The effects of triclosan on R. pipiens tadpoles’ final mass 

was not concentration dependent.  At 23 ppb, the tadpoles were heavier than all other 

treatments but they were not statistically different from the controls [94].  For the 

American toad, the highest concentration (230 ppb) increased activity level compared to 

the other treatments.  Oddly, at a concentration of 2.3 ppb, tadpoles showed greater 

mortality but at the highest concentration, 230 ppb, tadpoles had lower mortality.  There 

was no observed effect of triclosan on the final mass of B. americanus tadpoles [95].   

Matsumura et al. exposed X. laevis male frogs to triclosan in water (20, 100 and 200 

ppb) and, in a separate study, administered intraperitoneal injections of triclosan (4, 40, 

and 400 µg/g body weight) to male frogs [96].  In the water exposure assay, there were 

no differences in the level of plasma vitellogenin in male frogs for any of the treatment 

groups after 14 days of exposure.  However, male frogs injected with triclosan showed 

lower levels of plasma vitellogenin in all of the treatment groups compared to the 

solvent control, although the results were not statistically significant [96].  Male frogs 

injected with the highest doses of triclosan also showed lower testosterone levels 

compared to controls, but again, the results were not significant.  The researchers also 

concluded that there were no significant differences in hepatic cytochrome P450 

activities for any of the exposure groups [96].    Veldhoen et al. studied the ability of 

triclosan to induce changes in the North American bullfrog’s (Rana catesbeiana) 

metamorphosis [97].  Tadpoles were exposed to triclosan in an aqueous solution for 

four days (~0.15 to 22 ppb) then injected with 3,5,3’-triiodothyronine.  At two days and 

14 days post injection, tadpoles were removed from treatment for analysis.  At 
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environmentally relevant concentrations, the researchers concluded that “triclosan 

disrupts thyroid hormone-associated gene expression and can alter the rate of thyroid 

hormone-mediated postembryonic anuran development” [97].   

In a study by Fort et al. [98], Xenopus laevis tadpoles were exposed to various 

concentrations of triclosan (0.6 to 32.3 µg/L) for 21 days.  At the end of the exposure 

period, a significant reduction in hind limb length, snout-vent length, and whole body 

length and weight was observed in larvae of the 1.5 µg/L concentration compared to 

control larvae.  The affect on growth was not concentration dependent nor was it noted 

in any of the other concentrations [98].  In addition, the researchers did not observe any 

differences in developmental stage between the treatment groups and the control at the 

end of the exposure period, nor were there any differences in thyroid gland histology or 

thyroid gland and serum thyroxine levels.  However, they did observe an increase in 

thyroid hormone receptor-beta expression in tail fin biopsies from larvae exposed to 1.5 

and 7.2 µg/L triclosan compared to stage-matched control larvae, but again, the 

increased expression was not concentration dependent [98].  The authors concluded 

that “environmentally relevant TCS concentrations do not alter the normal course of 

thyroid-mediated metamorphosis in this standard anuran model” [98].     

 

Other Aquatic Animals 

The effects of triclosan on most aquatic animals occur at levels well above 

concentrations measured in water bodies.  Orvos et al. [26] examined the effects of 

triclosan on Daphnia magna and reported a 48 hour EC50 value of 390 ppb.  This value 

is supported by Harada et al. [85] who reported a 48 hour EC50 value of 260 ppb for D. 
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magna exposed to triclosan.  In addition Orvos’s team also reported a 21 day NOEC for 

survival of 200 ppb, a NOEC for reproduction of 40 ppb and a LOEC for reproduction of 

200 ppb for D. magna exposed to triclosan [26].  The same team also examined the 

effect of pH on triclosan toxicity to Ceriodaphnia dubia and concluded that the unionized 

form caused the majority of chronic toxicity.  At a pH of 7.0, they reported a NOEC for 

survival of 50 ppb and a NOEC for reproduction of 6 ppb for C. dubia exposed to 

triclosan.  However, at a pH of 8.5, they reported a NOEC for survival of 339 ppb and a 

NOEC for reproduction of 182 ppb [26].  From these values, Orvos’s team calculated a 

maximum acceptable toxicant concentration (MATC) of 8.5 ppb at pH 7 and 250 ppb at 

pH 8.5 for C. dubia exposed to triclosan [26].   

DeLorenzo et al. [88] exposed the grass shrimp Palaemonetes pugio to aqueous 

triclosan treatments during three different life stages: larvae, embryo and adult.  They 

determined that the larval grass shrimp were the most sensitive to triclosan exposure 

with a 96 hour LC50 value of 154 ppb.  Adult grass shrimp were second in terms of 

sensitivity with a 96 hour LC50 value of 305 ppb and embryonic grass shrimp were the 

least sensitive with a 96 hour LC50 value of 651 ppb. In addition, the team exposed adult 

grass shrimp to sediment containing triclosan for 24 hours.  They determined that the 

presence of sediment slightly decreased the toxicity of triclosan to adult grass shrimp.  

The 24 hour aqueous LC50 value was calculated at 452 ppb whereas the 24 hour 

sediment LC50 value was calculated at 620 ppb [88].  Dussault et al. [89] exposed the 

midge fly (Chironomus tentans) and a freshwater amphipod (Hyalella azteca) to 

triclosan for 10 days.  The results of their studies yielded a 10 day LC50 of 0.4 ppm for 

the midge fly and 0.2 ppm for the amphipod.  In addition, they estimated a hazard 
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quotient of 11.5 for triclosan, “indicating that this compound could pose a risk to benthic 

invertebrates” and suggested a more thorough risk assessment was needed for 

triclosan [89]. 

Orvos et al. [26] exposed bluegill sunfish (Lepomis macrochirus) and fathead 

minnows (Pimephales promelas) to various concentrations of triclosan for 96 hours.  

They calculated a 24, 48, 72 and 96 hour LC50 of 360, 270, 270 and 260 ppb, 

respectively, for fathead minnows.  They also calculated a 24, 48 and 96 hour LC50 of 

440, 410 and 370 ppb, respectively, for bluegill sunfish [26].  In addition, early life stage 

toxicity tests with Oncorhynchus mykiss showed that embryo hatching in all control and 

triclosan solution test vessels were not significantly different from each other.  However, 

when compared to the pooled control group, time to initiation of sustained swim-up 

behavior was delayed in the 71.3 ppb triclosan treatment group.  For fry survival, a 

statistically significant reduction was observed in survival at both 35-d and 61-d 

posthatch at a triclosan concentration of 71.3 ppb [26].   

Sublethal effects that were observed in [triclosan]-exposed fish included loss of 
equilibrium, locking of the jaw, quiescence, and erratic swimming movements.  
Only locking of the jaw in the open position was related to dose.  Such effects, 
especially erratic swimming and jaw locking, would likely have a significant effect 
upon the fish’s ability to obtain food and evade predators.  [26] 

 
A study exposing zebrafish (Danio rerio) early life stages and adults to triclosan 

yielded similar lethal and sub lethal effects as those observed in fathead minnows and 

bluegill sunfish [90].  Oliveira et al. calculated a 96 hour LC50 of 420 ppb for zebrafish 

larvae and embryos exposed to triclosan.  They also noted a delay in otolith formation 

and eye and body pigmentation as well as developmental effects such as spine 

malformations, pericardial oedema and small overall size [90].  For adult zebrafish, the 
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team calculated a 96 hour LC50 of 340 ppm and observed “erratic swimming, equilibrium 

loss and abnormal operculum movement, especially at the highest concentration” [90].  

Triclosan exposure at high concentrations was also lethal to Japanese medaka fry 

(Oryzias latipes).  Data from a study conducted by Foran et al. [27], resulted in a 48 

hour LC50 for O. latipes fry of 352 ppb triclosan.  The fry used to determine the LC50 

were allowed to mature.  Examination of the mature fry showed a trend in sex ratios 

biased toward males. The 100 ppb treatment group contained 64% males whereas the 

ethanol treatment group had 47% males.  However, in the 100 ppb treatment group, 

males had significantly (p < 0.05) longer dorsal and anal fins than those treated with 10 

ppb triclosan.  For females, there were no differences in the fin lengths among 

treatment groups.   The results from these studies suggest that triclosan may act as an 

environmental androgen [27]. 

 

Mammals 

The toxic effects of triclosan have been studied under laboratory conditions in 

various mammals including rats, rabbits, dogs and baboons.  From a review by 

Bhargava and Leonard [91], rats given an oral dose of 1000 mg/kg a day triclosan for 13 

weeks showed hepatic changes.  In another study, rats given an oral dose of 125 mg/kg 

a day triclosan for 13 weeks showed hepatic, thymic and renal changes.  At the same 

oral dose, no adverse effects were observed in rabbits or dogs [91].  Crofton et al. [92] 

looked at the ability of triclosan to alter circulating concentrations of thyroxine in Long-

Evans rats.  After a four day oral exposure (0 to 1000 mg/kg a day) of weanling females, 

researchers noted a dose-dependent decrease in serum total thyroxine, indicating “that 
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triclosan disrupts thyroid hormone homeostasis in rats” [92].  Further review by 

Bhargava and Leonard discussed a chronic study with baboons.  Triclosan doses of 100 

and 300 mg/kg a day induced vomiting and diarrhea in the baboons but no pathological 

changes were observed [91].  In another study, concentrations of 0 to 6000 ppm were 

administered to rats in their food.  At the two highest concentrations (3000 and 6000 

ppm), the rats consumed more food but had a decrease in body weight.  The 

researchers also observed reductions in red blood cell counts, hemoglobin and 

hematocrit values, as well as liver toxicity.  However, the rats receiving the high doses 

of triclosan did not have a higher mortality rate or show any signs of carcinogenicity 

[91].  In teratology studies, rats and rabbits both showed maternal toxicity at a triclosan 

dose of 150 mg/kg a day [91].   
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BACKGROUND INFORMATION ON TRICLOCARBAN 

 Triclocarban [Urea, N-(4-chlorophenyl)-N’-(3.4-dichlorophenyl)] is classified as a 

high production volume chemical by the EPA.  In 1998, the estimated annual production 

of triclocarban was 500,000 to 1,000,000 pounds per year [103].  Since 1957, 

triclocarban has been widely used in personal care products, detergents and cosmetics 

as an antimicrobial and preservative [103].  The amount of triclocarban in commercial 

products ranges from 0.5 to 5% (w/w) and, like triclosan, its primary route of disposal is 

residential drains [103].  Given this route of disposal, a potential for triclocarban to enter 

human drinking water supplies and water bodies exists if it is not completely removed 

by local wastewater treatment facilities.   

 

History of Triclocarban as a Biocide 

 In recent years, there has been some concern that the clinical use of antibiotics 

and disinfectants will allow bacteria to evolve co-resistance.  This co-resistance would 

allow antibiotic-resistant strains to be selected for by use of the disinfectants [104].  

Although triclocarban is primarily used in residential settings, antibacterial soaps 

containing triclocarban have been used to treat patients with moderately severe cases 

of atopic dermatitis, resulting in a reduction of Staphylococcus aureus [105].  In addition, 

triclocarban exhibits bacteriostatic activity against methicillin-resistant S. aureus 

(MRSA) and vancomycin-resistant enterococcus (VRE) [104].  Walsh et al. [106] also 

demonstrated that triclocarban was bacteriostatic against S. aureus and that the 

chemical affected the growth of other clinically important microorganisms such as P. 

aeruginosa at sub-inhibitory concentrations.  Triclocarban is not active against Gram-
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negative organisms [107].  A mechanism of action for triclocarban was not found in the 

literature, but, the pesticide does not appear to work by disrupting the membrane [106] 

nor does it work like triclosan (efflux and impermeability) [108].  

 

Triclocarban Concentrations in Influent and Effluent Waters of WWTPs 

 According to The Consortium, 98% of triclocarban is removed during the 

wastewater treatment process, primarily through sorption and biodegradation processes 

[103].    However, very little peer reviewed data exists on the fate of triclocarban during 

treatment processes.  One laboratory study from 1975 showed that triclocarban 

persisted in raw sewage and that only about 56% was mineralized in the activated 

sludge [109].  In 1991, Clark et al. reported triclocarban concentrations of 2 and 6 µg/L 

in the effluent water of two New Jersey WWTPs, indicating that triclocarban is not 

completely removed during the treatment process [110].  Grab samples made on three 

separate occasions during 2002 to 2004 from an activated sludge wastewater treatment 

plant serving the greater Baltimore area had average triclocarban influent 

concentrations of 6700 ng/L and average effluent concentrations of 110 ng/L [52].  This 

reduction in triclocarban indicates a 98% removal but does not infer that triclocarban is 

degraded [52].  Most likely, the triclocarban persists in the biosolids without much 

degradation.  In another study, which sampled a large WWTP located on the east coast 

of the United States, the average hourly mass of triclocarban in influent water was 160 

g/h.  The average amount of triclocarban in tertiary effluent was 5.3 g/h, indicating that 

an average of 127 grams of triclocarban passed through the plant each day [111].  

Although the overall removal rate was 97%, the majority of triclocarban persisted during 
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the treatment process with an average of 2815 g/day accumulating in dewatered sludge 

[111].  Lack of degradation of triclocarban during the WWTP process is a concern 

because about 50% of all biosolids produced in the United States are eventually applied 

to land [60] and the fate of triclocarban after application to agricultural soils has not 

been adequately addressed.  In addition, since most effluent water is discharged into 

local water bodies, the incomplete removal of triclocarban during the wastewater 

treatment process results in measurable concentrations of triclocarban in surface 

waters. 

 

Triclocarban Concentrations in Water Bodies 

Effluent waters from WWTPs are typically discharged into water bodies, resulting 

in measurable concentrations of triclocarban in surface waters.  Halden and Paull [52] 

analyzed various samples from the greater Baltimore region in Maryland, USA.  They 

reported an average concentration of 1765 ng/L from grab samples obtained from raw 

and treated drinking water, urban streams, and groundwater [52].  Another study by 

Coogan et al. [79] analyzed water samples from Pecan Creek in Denton, Texas, USA. 

The researchers collected water samples from four different sites up and down stream 

of the waste water treatment plant outfall in Pecan Creek [79].  Site 1 was a reference 

site upstream of the outfall.  Site 2 was at the outfall and Sites 3 and 4 were 

downstream of the outfall.  Triclocarban water concentrations ranged from <0.015 

(reference site) to 0.19 ppb (outfall) [79].   
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Triclocarban Concentrations in Agricultural Soils 

 As mentioned previously, another by-product of the waste water treatment plant 

process is sludge, which can be converted to biosolids and applied to agricultural land, 

residential areas, mine reclamation and forestry projects [59, 60].  Biosolids are rich in 

organic carbon and other nutrients, making them a good fertilizer [59].    In the United 

States, approximately 50% of all biosolids produced are land applied [59, 60, 63]; 

whereas in Europe only about 37% of the biosolids are land applied [61].  Therefore, 

applied biosolids may be a source of environmental exposure to triclocarban from soils.  

Cha and Cupples [63] analyzed biosolids from three WWTPs in Michigan, USA.  The 

concentration of triclocarban in the biosolids ranged from 4890 to 9280 ng/g dry weight 

during the study period.  The team also analyzed soil samples from ten agricultural sites 

over a two year period that had previously been amended with biosolids from one of the 

three treatment plants investigated.  The agricultural sites chosen were all within 100 

miles of Grand Rapids, Michigan, USA [63].  The concentration of triclocarban in the 

soils ranged from 1.20 to 65.10 ng/g dry weight [63].  Very little research has been done 

on triclocarban in soils; however, it is thought to be more persistent than triclosan based 

on soil half-life studies [64].  In addition, after reviewing the literature, Al-Rajab et al. 

concluded that, similar to triclosan, for triclocarban in soil, the transformation and 

sorption characteristics “vary significantly according to the physical and chemical 

characteristics of the biosolids applied, and edaphic factors (e.g. temperature and soil 

moisture) that could limit aerobic microbial activity” [62], which is thought to be the 

primary mechanism of removal for triclocarban in soils [64]. 
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Physicochemical Properties of Triclocarban 

A review of triclocarban’s physicochemical properties aids in explaining its fate in 

water bodies and soils. According to The Consortium [103], triclocarban has a molecular 

weight of 315.6 g/mol and a water solubility constant of 11mg/L at 20°C.  Triclocarban’s 

vapor pressure is <1 hPa at 50°C [103], and its partition coefficient (log Kow) is 4.9 [52].  

Given its fairly low water solubility but high partition coefficient, triclocarban has high 

sorption potential to organic particles [111].  In addition, “the trichlorinated aromatic 

structure of TCC suggests potential resistance to both chemical and biological 

transformation processes” [111] (see Figure 3).  Triclocarban consists of 36.7% chlorine 

by weight [52] and is “amenable to reductive dechlorination under reducing conditions” 

in estuarine sediments [112].  Further, depth-time profiles indicate that triclocarban is 

more persistent than triclosan in estuarine sediments over a time span of multiple 

decades [112].  Triclocarban also persists longer than triclosan in soils.  In a laboratory 

experiment, triclocarban added directly to soil and incubated under aerobic conditions 

had an estimated half-life of 108 days, compared to triclosan’s 18 days [64].  Finally, 

Halden and Paull [52] performed a quantitative structure – activity relationship (QSAR) 

analysis of triclocarban and estimated its half-life in sediment, soil, water and air to be 

540 days, 120 days, 60 days and 0.75 days, respectively.   
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Fig. 3.  Structure of triclocarban [103] 

 

Bioaccumulation/Bioconcentration of Triclocarban 

Although triclocarban’s lipophilicity makes it amenable to bioconcentration and 

bioaccumulation, no studies were found that investigated the compound’s ability to 

bioconcentrate in humans.  In addition, very few studies have been conducted to 

measure accumulation in plants or animals.  One study analyzed algal lipids for the 

presence of triclocarban.  The researchers collected algae from four different sites up 

and down stream of the waste water treatment plant outfall in Pecan Creek, Denton, 

Texas, USA [79].  Site 1 was a reference site upstream of the outfall.  Site 2 was at the 

outfall and Sites 3 and 4 were downstream of the outfall.  Average algal lipid 

concentrations of triclocarban ranged from < 10 (reference site) to 401 ppb (Site 3).  

Water concentrations ranged from <0.015 (reference site) to 0.19 ppb (Site 2).  

Calculated bioaccumulation factors for triclocarban were 1600, 2500 and 2700 for Sites 

2, 3 and 4, respectively with a mean bioaccumulation factor of 2300 [79].  Triclocarban 

was also found in the tissue of freshwater snails.  The snails were caged for two weeks 

directly below the outfall of the waste water treatment plant in Denton, Texas, USA.  

After the exposure period, the snail tissue was pooled and analyzed for triclocarban.  

Triclocarban concentrations measured 299 ppb in caged snail tissue [77].  The receiving 
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water contained 0.191 ppb triclocarban, indicating a bioaccumulation factor of 1600 for 

caged snails exposed to triclocarban [77]. 

 

Known Effects of Triclocarban on Organisms 

 Again, compared to triclosan, very few studies have been conducted to measure 

the effect of triclocarban on various organisms.  Lawrence et al. [87] exposed pure 

cultures of different protozoa (Euplotes sp., Dileptus sp., Blepharisma sp., Stentor sp., 

Spirostomum sp., Euglena sp., Paramecium sp. and Rotifera) to triclocarban in an effort 

to investigate the effects of the agent on river biofilm communities.  Most of the 

organisms did not suffer any adverse effects at triclocarban concentrations up to 50 

ppb.  However, Paramecium aurelia had a LOEC of 50 ppb and several of the rotifers 

were also affected at 50 ppb [87].  Along with the protozoa studies discussed above, the 

researchers also assessed the effects of triclocarban on algae (Scenedesmus 

quadricauda, Selenastrum sp., Ulothrix sp. Ankistrodesmus falcatus, Oscillatoria tenius, 

Synedra sp. and Thalassiosira sp.) and cyanobacteria (Anabaena sp. Glaucosystis 

nostochinea, Lyngbya sp., Microcystis aeruginosa, and Nostoc sp.).    They observed a 

significant reduction in biomass for algae exposed to 10 ppb triclocarban but did not 

observe a biomass reduction in cyanobacteria for studies performed in situ.  The team 

also noted that triclocarban did not inhibit the growth of any of the algae or 

cyanobacteria tested as pure cultures [87]. Lawrence et al. did observe shifts in algal 

and bacterial composition after exposure to triclocarban and concluded that exposure to 

triclocarban caused a shift to a more heterotrophic community which “could result in 

shifts in both the nutrient processing capacity and the natural food web structure of river 
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communities” [87].  In another study, Yang et al. looked at the growth inhibiting effects 

of triclocarban on the freshwater green algae, Pseudokirchneriella subcapitata [82].    

They calculated a 72-hour IC50 value of 17.5 ppb and concluded that triclocarban 

showed “moderate toxicity and might pose some risk to sensitive algal species in 

freshwaters” [82].  Finally, Chen et al. [113] conducted cell-based androgen receptor-

mediated bioassays with triclocarban.  Their studies showed that triclocarban was not 

cytotoxic nor did it compete with testosterone for binding sites.  However, triclocarban 

did amplify testosterone induced transcriptional activity.  The amplification was both 

time and dose dependent [113].  In addition, the researchers exposed castrated male 

Sprague Dawley rats for 10 days to testosterone alone, triclocarban alone, and a 

combination of the two compounds.  In the combination treatment, a significant increase 

in all male sex accessory organs was observed, indicating a synergistic effect [113].  

The researchers concluded that “the amplification effect of TCC on endogenous sex 

steroids may have an array of widespread subtle physiological alterations in both males 

and females” [113].  For males, possible developmental defects include cryptorchidism, 

hypospadias, and/or decreased sperm quality.  For females, affects may occur with 

ovarian function and breast homeostasis [113].   
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THE SOUTH AFRICAN CLAWED FROG, Xenopus laevis (Daudin) 

 For breeding, adult frogs were obtained from either Xenopus I, Inc. (Dexter, 

Michigan) or Xenopus Express (Brooksville, Florida) as proven breeders.  Upon arrival, 

each animal was examined for skin lesions which usually indicate a nematode infection 

and red patches on the ventral surfaces which often indicate an Aeromonas infection 

[28].  Only healthy, sexually mature frogs were placed in the colony and used for 

breeding.  Each adult placed in the colony was assigned a unique identification based 

on variations in skin pigmentation.   Adult males are smaller than adult females, 

measuring 7.5 to 10 cm in length from crown to rump whereas females are 10 to 12.5 

cm in length.  To ensure sexual maturity, purchased males were at least two years old 

and purchased females were at least three years old.  Males can be identified by the 

presence of dark arm pads on the underside of each forearm and the lack of cloacal 

lips.  Females can be identified by the presence of fleshy cloacal lips [28].     

 Adult Xenopus were maintained in a room separate from testing facilities with a 

consistent photoperiod of 16-h light/8-h dark, which allowed the animals to be bred 

year-round [28].  Adults were housed in 75-liter aquaria and segregated by gender.  To 

ensure adequate space, aquaria for females held no more than three adults; whereas 

aquaria for males held no more than four adults.  Adults were cultured using a 

recirculating flow system with dechlorinated tap water.  The dechlorinated tap water was 

monitored for pH, alkalinity and hardness at regular intervals.  The pH ranged from 6.81 

to 7.84 which was well within the range of acceptability (6.5 to 9).  On two separate 

dates, alkalinity measurements dropped below 16 mg/L as CaCO3 to 5 and 6 mg/L as 

CaCO3.  For the other 23 sampling dates, alkalinity measurements were within the limits 

44 

 



of acceptability (16 and 400 mg/L as CaCO3), and ranged from 25 to 125 mg/L as 

CaCO3 [28].  For all sampling dates, hardness measurements were within the limits of 

acceptability (16 and 400 mg/L as CaCO3) and ranged from 72 to 152 mg/L as CaCO3 

[28].  Water depth inside the aquaria was maintained between nine and 12 cm, which is 

within the suggested range of 7 to 14 cm [28]. On one sampling date, water temperature 

dropped below the acceptable range (23 ± 3°C) to 19°C, but for the other 24 sampling 

dates, water temperature ranged from 21.0 to 24.9°C [28].  Although no range for 

conductivity or dissolved oxygen is specified in the standardized protocol, those 

parameters were also measured.  Over the 25 sampling dates, conductivity ranged from 

307 to 536 µS/cm and oxygen levels ranged from 5.4 to 9.0 mg/L.  Adults were fed 

finely diced U.S. Department of Agriculture (USDA) certified beef liver supplemented 

with a liquid multivitamin at least three times a week [28].  Excess food was removed 

from the aquaria no sooner than one hour after feeding.  See Table B-1 for a complete 

list of culture water measurements. 

 Breeding took place in a large Kritter Keeper® fitted with a 1-cm square plastic 

mesh suspended approximately 3 cm from the bottom of the aquarium.  The mesh 

allowed the deposited eggs to amass undisturbed on the bottom of the container.  The 

top of the Kritter Keeper® was covered with a porous plastic material to allow oxygen 

exchange, i.e., the lid [28].  Males and females were bred as a single pair in FETAX 

solution.  Out of 88 batches of FETAX solution, only three were above the limits of 

acceptability at the time the measurements were taken (21 ± 3° C), with values ranging 

from 20.0 to 25.2°C.  The three high values quickly returned to accepted levels once the 

breeding chambers were placed in the incubator.  Both the male and the female were 
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injected into the dorsal lymph sac with human chorionic gonadotropin (HCG) to induce 

breeding.  Males received 250 to 1000 IU of HCG and females received 500 to 1000 IU, 

depending on the time of year and recent breeding success.  The concentration of HCG 

was 1000 IU/mL in sterile 0.9% NaCl.  In general, lower doses were used in the spring 

or during times when recent mating attempts were successful, whereas higher doses 

were used during other times of the year or when recent mating attempts were not 

successful.  Injections were made using a 1-mL tuberculin syringe fitted with a ½-inch 

long, 26-gage needle.  After injection, amplexus typically ensued within two to six hours 

and egg deposition occurred within nine to 12 hours.  Prior to any test initiation, eggs 

were examined for fertility and quality.  If the fertility rate of the clutch was not greater 

than 75%, the eggs were not used for testing.  In addition, eggs laid in strings or eggs 

that did not appear round in shape were not used for testing because they are more 

likely to develop abnormally [28].  Two or three mating pairs were induced to breed 

before each test to ensure that there was at least one clutch available that was suitable 

for testing.  Clutches were harvested separately and only one clutch from one mating 

pair was used for each test. 

 In addition, for some of the assays, eggs and/or tadpoles were purchased from 

Xenopus I (Dexter, Michigan).  The eggs and tadpoles were reared in FETAX solution 

under the same guidelines as noted above for the adults.  For the 88 batches of FETAX 

used for both rearing and the conduct of assays, temperatures ranged from 20.0 to 

25.2°C, with three batches above the range (21 ± 3° C).  Measurements for pH ranged 

from 6.8 to 8.4 (all within acceptability limits of 6.5 to 9.0); measurements for alkalinity 

ranged from 35 to 110 mg/L as CaCO3 (all within the range of 16 and 400 mg/L as 
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CaCO3 ); measurements for hardness ranged from 24 to 176 mg/L as CaCO3 (all within 

the range of 16 and 400 mg/L as CaCO3 ); conductivity ranged from 820 to 3700 µS/cm 

(no range specified); and dissolved oxygen levels ranged from 5.2 to 9.6 mg/L (no 

range specified).  See Table B-2 for a complete list of FETAX water chemistry 

measurements. 

 Finally, for the FETAX assay and 0 week bioaccumulation study for triclocarban, 

breeding frogs were borrowed from Fort Laboratories in Stillwater, Oklahoma.  Fort 

Laboratories follows Good Laboratory Practices and rears frogs similar to the guidelines 

noted above. 
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FROG EMBRYO TERATOGENESIS ASSAY – Xenopus (FETAX) 

The teratogenic potential of triclosan and triclocarban were evaluated using the 

frog embryo teratogenesis assay – Xenopus (FETAX) as a model.  Three null 

hypotheses were considered during the assessments: (1) there is no difference in 

mortality rates between the vehicle control and exposure treatments; (2) there is no 

difference in malformation rates between the vehicle control and exposure treatments; 

and (3) there is no difference in length measurements between the vehicle control and 

exposure treatments.   

 

Experimental Design 

FETAX is a 96-hour, whole embryo, static-renewal bioassay that uses the 

embryos of the South African clawed frog (Xenopus laevis).  The FETAX assay was 

conducted as described in ASTM E1439-98 [28].  Once a suitable clutch of eggs was 

obtained, the jelly coat was removed from the embryos by gently swirling the embryos 

for one to three minutes in a 2% w/v L-cysteine (CAS #52-90-4) solution prepared in 

FETAX solution [28].  The L-cysteine solution was prepared immediately prior to use 

and adjusted to a pH of 8.1 using 1 N NaOH.  The dejellying process was ended after 

all the jelly was removed or after three minutes, whichever came first.  Embryos were 

not treated for longer than three minutes, since L-cysteine can cause a reduction in 

survival [28].   

 After dejellying, embryos were placed in FETAX solution in 100-mm Petri dishes 

for sorting.  Embryos were transferred using a Pasteur pipette.  Only normally cleaving 

embryos were used for testing.  In addition, embryos used were between stage 8 (mid 

48 

 



blastulae) and stage 11 (early gastrulae).  Embryos prior to stage 8 were not used as 

they may still develop abnormal cleavage patterns, and embryos beyond stage 11 were 

not used because they have already started organogenesis [28].  All developmental 

staging of embryos was based on normal tables developed by Nieuwkoop and Faber 

[32], which can also be found in the “Atlas of Abnormalities” [33].  Both of these guides 

were also used to determine normal cleavage of embryos.   

 The FETAX assay is a 96-hour static renewal experiment with continuous 

exposure throughout the test.  For each concentration of triclosan, two replicate Petri 

dishes containing 20 embryos each and 10 mL of test solution were used.  For the 

negative control (FETAX solution only), four dishes of 20 embryos each were used.  

The FETAX solution was prepared by adding 625 mg NaCl, 96 mg NaHCO3, 30 mg KCl, 

15 mg CaCl2, 60 mg CaSO4·2H2O, and 75 mg MgSO4 to one liter of purified water [28].  

Test concentrations of triclosan were prepared in FETAX solution and were renewed 

after 24, 48 and 72 hours.  In addition, a vehicle control consisting of 0.5% DMSO was 

also prepared in FETAX solution.  After 96 hours, the test solutions were removed and 

replaced by FETAX solution.  During the experiment, embryos were randomly assigned 

to test dishes using pre-generated random number tables [29].  The incubator 

temperature was maintained at 24 ± 2ºC.  Temperatures higher than 26ºC may cause 

malformations and temperatures below 24ºC may prevent the controls from reaching 

stage 46 in 96 hours [28].   

 Dead embryos were removed at the end of each 24-hour period at the same time 

that solutions were renewed.  At the end of 96 hours, all surviving embryos were placed 

in FETAX solution.  Approximately 0.5 mL of 2 mg/L MS-222 was added to each dish to 
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anesthetize the embryos for easier handling.  Each embryo was immediately examined 

for malformations under a dissecting microscope.  In general, embryos were scored 

based on malformations of the gut, face, eye, brain, and heart as well as edema and 

axial malformations.  After each embryo was scored for malformations, the embryos 

were fixed in 3% formalin.  Fixed embryos were measured for head-tail length using 

Axiovision® 4.7.2 [34] digitizing software.  Measurements followed the contour of the 

embryo.  Growth inhibition is often the most sensitive indicator of developmental toxicity 

and head-tail length measurements were used to determine the minimum concentration 

to inhibit growth (MCIG) [28].   

 Basic water chemistry measurements were not taken on the test solutions used 

in the FETAX studies.  However, as noted above, basic measurements were made on 

each batch of dilution water (FETAX solution) prepared (see Table B-2).  In addition, 

because test solutions were made fresh daily for each assay, the pH of the stock 

solution, high concentration and negative control were measured at every renewal.  See 

Table C-1 for a complete list of pH’s measured for the FETAX assays. 

 

Results for Triclosan 

 The two FETAX assays exposing Xenopus laevis tadpoles to triclosan yielded 

similar results.  For the two tests, calculated LC50 values were 0.81 mg/L and 0.86 mg/L.  

For both tests, only the highest treatment level, 1.0 mg/L, had mortality rates 

significantly greater than the vehicle control (ANOVA with Dunnett’s MRT, p < 0.0001). 

Not including length, malformations were sporadic and did not appear dose related.  

However, for the first test, tadpoles in the 0.5 mg/L and 0.75 mg/L exposure groups 
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were significantly stunted (Kruskall Wallis non parametric test with Dunnett’s MRT on 

ranked data, p < 0.0001) compared to the vehicle controls.  For the second test, 

tadpoles in the 0.75 mg/L exposure group were significantly stunted (Kruskall Wallis non 

parametric test with Dunnett’s MRT on ranked data, p < 0.0001) compared to the 

vehicle controls.  Oddly, tadpoles in the 0.25 mg/L exposure group were significantly 

longer than the vehicle controls (Kruskall Wallis non parametric test with Dunnett’s MRT 

on ranked data, p < 0.0001) and the 0.5 mg/L exposure group lengths were almost 

identical to the vehicle controls.  Therefore, the minimum concentration to inhibit growth 

(MCIG) was 0.5 mg/L and 0.75 mg/L for the two tests (see Table 4 for more detailed 

information). 

 

Results for Triclocarban 

For the FETAX assay exposing Xenopus laevis tadpoles to triclocarban, the 

calculated LC50 value was 4.22 mg/L with mortality rates in the highest three treatment 

groups being significantly greater than the vehicle control (ANOVA with Dunnett’s MRT, 

p < 0.0001).  The calculated EC50 value for triclocarban was 3.06 mg/L.  In addition, 

malformations throughout the test appear dose dependent with malformation rates in 

the highest two surviving treatment groups being significantly greater than the vehicle 

control (ANOVA with Dunnett’s MRT, p < 0.0001).  The predominant malformation 

observed was a loose coiling of the gut and other gut abnormalities followed by the 

presence of hemorrhages.  Other typical malformations included bent notochords and 

abnormal eye formation in which one eye was larger in size than the other.  Further, the 

tadpoles in all of the treatment groups were significantly stunted (ANOVA with Dunnett’s 
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MRT, p < 0.0001) compared to the vehicle controls.  Therefore, the MCIG for 

triclocarban was 1.0 mg/L (see Table 5 for more detailed information). 



Table 4.  Results of the FETAX assay exposing X. laevis tadpoles to triclosan 
Test ID Treatment 

mg/L 
Mortality Malformations Length Measurements

% Dead 
@ 96 hrs 

LC50
1 

mg/L 
(95% Conf. 

Limits) 

% Malformed 
@ 96 hrs 

EC50
2

mg/L 
(95% Conf. 

Limits) 

Mean 
Lengths 

cm 
(Std. Dev.) 

MCIG3 
mg/L 

Triclosan 
Test 1 
(025) 

Veh. Ctrl. 
 

0.25 
 

0.50 
 

0.75 
 

1.0 

2.5 
 

0 
 

5 
 

12.5 
 

100* 

0.81 
(0.77, 0.85) 

2.6 
 

10 
 

10.5 
 

14.3 
 

NA 

<0.25 
(NA) 

0.98 
(±0.04) 

0.95 
(±0.05) 
0.94** 
(±0.03) 
0.84** 
(±0.03) 

NA 

0.5 

Triclosan 
Test 2 
(026) 

Veh. Ctrl. 
 

0.25 
 

0.50 
 

0.75 
 

1.0 

0 
 

0 
 

2.5 
 

2.5 
 

100* 

0.86 
(0.82, 0.87) 

2.5 
 

0 
 

0 
 

5.1 
 

NA 

<0.25 
(NA) 

0.89 
(±0.07) 
0.92** 
(±0.04) 

0.89 
(±0.03) 
0.79** 
(±0.02) 

NA 

0.75 

1LC50 values were estimated using the Trimmed Spearman-Karber method [43].   
2EC50 values presented do not include results of length measurements. 
3MCIG = the minimum exposure concentration to inhibit growth. 
*Denotes values that are significantly different than the vehicle control, ANOVA with Dunnett’s MRT, p < 0.0001[46]. 
**Denotes values that are significantly different than the vehicle control, Kruskall-Wallis test with Dunnett’s MRT on ranked 
data, p < 0.0001 [46]. 
NA = not applicable. 
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Table 5.  Results of the FETAX assay exposing X. laevis tadpoles to triclocarban 
Test ID Treatment 

mg/L 
Mortality Malformations2 Length Measurements

% Dead 
@ 96 hrs 

LC50
1 

mg/L 
(95% Conf. 

Limits) 

% Malformed 
@ 96 hrs 

EC50
mg/L 

(95% Conf. 
Limits) 

Mean 
Lengths 

cm 
(Std. Dev.) 

MCIG3 
mg/L 

Triclocarban 
Test 1  
(065) 

Veh. Ctrl. 
 

1.0 
 

2.0 
 

3.0 
 

4.0 
 

5.0 
 

10.0 

0 
 
0 
 
0 
 
0 
 

32.5* 
 

92.5* 
 

100* 

4.22 
(4.61, 4.98) 

3.75 
 

5.0 
 

16.25 
 

47.5 
 

81.5* 
 

83.3* 
 

NA 

3.06 
(2.84, 3.32) 

0.86 
(±0.09) 
0.79** 
(±0.03) 
0.73** 
(±0.03) 
0.70** 
(±0.04) 
0.67** 
(±0.02) 
0.67** 
(±0.04) 

NA 

1.0 

1LC50 values were estimated using the EPA Probit Analysis Program [44].   
2 Percent malformed values do not include results of length measurements. EC50 values presented do not include results 
of length measurements and were estimated using the EPA Probit Analysis Program [44].  
3MCIG = the minimum exposure concentration to inhibit growth. 
*Denotes values that are significantly different than the vehicle control, ANOVA with Dunnett’s MRT, p < 0.0001[46]. 
**Denotes values that are significantly different than the vehicle control, ANOVA with Dunnett’s MRT, p < 0.0001 [46]. 
NA = not applicable. 
 



BIOACCUMULATION STUDIES 

The potential for triclosan and triclocarban to accumulate in the tissues of 

Xenopus laevis was evaluated over a 96-hour exposure that followed the general 

guidelines of the FETAX assay.  Two null hypotheses were considered during the 

assessments:  There is no difference in mortality rates between the vehicle control and 

dosed treatments and there is no difference in the amount of chemical accumulated in 

the tissues of treated tadpoles compared to the tissues of vehicle control tadpoles.   

 

Experimental Design 

The bioaccumulation studies were conducted for three different age groups of 

Xenopus laevis tadpoles:  0 week (approximately 10 - 14 hours old at the start of the 

study ), 4 weeks ± 3 days, and 8 weeks ±3 days.  The studies followed the procedures 

for the FETAX assay except that the tadpoles were not scored for malformations at the 

end of the 96-hour exposure period, they were not fixed in formalin and head-tail length 

measurements were not taken.  Instead, at the end of the 96-hour exposure period, the 

tadpoles were euthanized with MS-222, rinsed three times in purified water, and frozen 

for body burden analysis.  In addition, although the 0-week studies were conducted 

using 10 mL of test solution in replicate Petri dishes, the 4- and 8-week studies were 

conducted in 500 mL beakers containing 500 mL of test solution.  For the 4-week and 8-

week studies, the tadpoles were reared in FETAX solution and fed daily until test 

initiation.   

 Basic water chemistry measurements were not taken on the test solutions used 

in the bioaccumulation studies.  However, as noted above, basic measurements were 
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made on each batch of dilution water (FETAX solution) prepared (see Table B-2).  In 

addition, because test solutions were made fresh daily for each assay, the pH of the 

stock solution, high concentration and negative control were measured at every 

renewal.  See Table C-1 for a complete list of pH’s measured for the bioaccumulation 

studies. 

 

Tissue Preparation – Triclosan 

For each age group, whole body analysis was performed.  For each treatment, 

up to six tissue samples were analyzed, using three samples from each replicate.  

Because each sample required at least 10 mg of wet tissue, the actual number of 

samples taken per replicate varied depending on tadpole weight and the number of 

tadpoles available for that treatment.  Some samples required only one tadpole whereas 

other samples combined multiple tadpoles (up to three) to obtain the required minimum 

10 mg tissue weight.   Therefore, some treatments had only one replicate whereas 

others had up to six replicates.  The tissues were thawed and blotted dry before 

weighing.  The tissue weight of each sample was recorded and the tissues were 

transferred to a disposable vial.  Vials were also prepared for four controls:  a method 

blank, a method blank spike and two matrix spikes.  To each vial, one mL of hexane:  

ethyl acetate (1:1) was added along with 10 µL each of labeled triclosan (5 µg/mL) and 

labeled methyl triclosan (5 µg/mL).  In addition, 10 µL of native triclosan (5 µg/mL) and 

native methyl triclosan (5 µg/mL) were added to the control spike samples only.  A 

mixture of 1.0 mm and 2.5 mm glass beads were then added to the vials and the vials 

were gently vortexed.  The tissues were then homogenized using Biospec Products’ 
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Mini-Beadbeater-8 for three minutes.  The contents of the vials were then filtered using 

Whatman® Autovial® 5 syringeless filters with polypropylene housing and a 0.45 µm 

pore size into pre-weighed glass vials.  Each Whatman® filter was rinsed twice with 1.0 

mL of hexane: ethyl acetate (1:1, v/v).  The samples were then evaporated under 

nitrogen until dry, leaving only the lipids in the vial.  The weight of the vial and lipids was 

recorded, and the dried residues were resolubilized with 100 µL of methylene chloride.  

The samples were then transferred to the glass insert of a two mL amber vial.  For the 

highest treatment concentrations, the samples were diluted as necessary.  At this point 

the samples were ready for analysis using GC/MS. 

For the 0-week triclosan test only, the method was slightly altered and involved a 

derivitization step.  After evaporating the samples under nitrogen until dry, 50 µL of 

acetonitrile and 50 µL of N-Methyl-N-trimethylsilyltrifluoroacetamide (MSTFA)  were 

added to each sample.  The samples were then placed in an oven for two hours at 

60°C.  After the two hour incubation period, the samples were again evaporated under 

nitrogen until dry.  The samples were reconstituted with 10 µL of MSTFA and 90 µL of 

methylene chloride.  At this point the samples were once again ready for analysis using 

GC/MS.  By incubating the samples with a MSTFA mixture, the polar hydroxyl group 

was removed from the parent compound and a TMS ether derivative was formed.  This 

process improves the overall chromatography and increases the detection capabilities 

of the GC/MS because the peaks are higher and narrower.   
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Tissue Preparation – Triclocarban 

Triclocarban tissues were prepared using the same method as triclosan samples 

with the following exceptions.  Instead of adding labeled triclosan or labeled methyl 

triclosan to the each sample, 10 µL of labeled triclocarban (1.0 µg/mL) was added to 

each sample.  In addition, native triclocarban (1.0 µg/mL) was added to the control 

spikes instead of native triclosan or native methyl triclosan.  The triclocarban samples 

were homogenized, filtered and evaporated as noted above.  However, the dried 

residues were resolubilized in 100 µL of acetonitrile.  After resolubilization and 

transferral to an amber vial, the samples were ready for analysis using the LC/MS.   

 

Results for Triclosan 

 For the bioaccumulation study exposing 0-week old Xenopus laevis tadpoles to 

triclosan, the calculated LC50 value was 0.93 mg/L, which is similar to those calculated 

for the same age tadpoles in the two FETAX assays (0.81 mg/L and 0.86 mg/L).  

Mortality rates in the 1.0, 1.5, 1.75 and 2.0 mg/L treatment groups were significantly 

greater than the vehicle control (ANOVA with Dunnett’s MRT, p = 0.0026).   

Based on wet weight, the calculated LD50 was 6.43 mg/L.  Although accumulation 

generally increased with concentration, none of the treatment groups accumulated 

significantly more triclosan than the vehicle control (ANOVA with Dunnett’s MRT, p = 

0.24) nor were any of the treatments statistically different from each other (ANOVA with 

Student-Newman-Keuls MRT, α = 0.05).  Based on wet weight, calculated 

bioaccumulation factors generally increased with concentration and ranged from 3.2x to 

70x.   
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Based on lipid weight, the calculated LD50 was 21.47 mg/L.  Again, accumulation 

increased with concentration, but none of the treatment groups accumulated 

significantly more triclosan than the vehicle control (ANOVA with Dunnett’s MRT, p = 

0.21) nor were any of the treatments statistically different from each other (ANOVA with 

Student-Newman-Keuls MRT, α = 0.05).  Based on lipid weight, calculated 

bioaccumulation factors increased with concentration and ranged from 31x to 223x.  

Table 6 contains more detailed information. 

 For the bioaccumulation studies exposing 4-week old Xenopus laevis tadpoles to 

triclosan, the calculated LC50 values were 0.21 and 0.24 mg/L.  For Test 1, mortality 

rates in the 0.4, 0.5, 0.6 and 0.7 mg/L treatment groups were significantly greater than 

the vehicle control (ANOVA with Dunnett’s MRT, p < 0.0001).  For Test 2, mortality 

rates in the 0.25, 0.3, 0.35 and 0.4 mg/L treatment groups were significantly greater 

than the vehicle control (ANOVA with Dunnett’s MRT, p = 0.0005).   

Based on wet weight, the calculated LD50 for Test 1 was 128.2 mg/L.  Mean 

accumulation increased with concentration with the highest two surviving treatments 

(0.2 and 0.3 mg/L) accumulating significantly more triclosan than the vehicle control 

(ANOVA with Dunnett’s MRT, p = 0.0014).  In addition, statistically significant 

differences in accumulation were observed among treatment groups (ANOVA with 

Student-Newman-Keuls MRT, α = 0.05).  Based on wet weight, for Test 1, calculated 

bioaccumulation factors generally increased with concentration and ranged from 392x to 

592x.   

Based on lipid weight, the calculated LD50 for Test 1 was 1707 mg/L.  Again, 

mean accumulation increased with concentration with the highest surviving 
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concentration accumulating significantly more triclosan than the vehicle control (ANOVA 

with Dunnett’s MRT, p = 0.016) as well as all other treatment groups (ANOVA with 

Student-Newman-Keuls MRT, α = 0.05).  Based on lipid weight, for Test 1, calculated 

bioaccumulation factors ranged from 5486x to 10,481x.  Table 7 contains more detailed 

information.   

Based on wet weight, the calculated LD50 for Test 2 was 342.2 mg/L.  Mean 

accumulation generally increased with concentration with some wavering at the highest 

concentrations, most likely due to small sample size.  The 0.25 and 0.35 mg/L treatment 

groups accumulated significantly more triclosan than the vehicle control (ANOVA with 

Dunnett’s MRT, p = 0.013).  In addition, statistically significant differences in 

accumulation were observed among treatment groups (ANOVA with Student-Newman-

Keuls MRT, α = 0.05).  Based on wet weight, for Test 2, calculated bioaccumulation 

factors ranged from 925x to 3058x.   

Based on lipid weight, the calculated LD50 for Test 2 was 5099 mg/L.  Mean 

accumulation generally increased with concentration with some wavering at the highest 

concentrations, again most likely due to small sample size.  The highest four surviving 

concentrations (0.2, 0.25, 0.3 and 0.35 mg/L) accumulated significantly more triclosan 

than the vehicle control (ANOVA with Dunnett’s MRT, p = 0.0007).  In addition, 

significant differences in mean accumulation were observed among the treatment 

groups (ANOVA with Student-Newman-Keuls MRT, α = 0.05).  Based on lipid weight, 

for Test 2, calculated bioaccumulation factors ranged from 18,909x to 43,152x.  Table 7 

contains more detailed information. 
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For the bioaccumulation studies exposing 8-week old Xenopus laevis tadpoles to 

triclosan, the calculated LC50 values were 0.46 and 0.45 mg/L.  For Test 1, the mortality 

rate in the highest concentration treatment group (0.5 mg/L) was significantly greater 

than the vehicle control (ANOVA with Dunnett’s MRT, p < 0.0001).  For Test 2, none of 

the mortality rates in any of the treatment groups were significantly greater than the 

vehicle control (ANOVA with Dunnett’s MRT, p = 0.31).   

Based on wet weight, the calculated LD50 for Test 1 was 74.40 mg/L.  Mean 

accumulation increased with concentration with the highest four surviving treatments 

(0.2, 0.3, 0.4 and 0.5 mg/L) accumulating significantly more triclosan than the vehicle 

control (ANOVA with Dunnett’s MRT, p < 0.0001).  In addition, statistically significant 

differences in accumulation were observed among treatment groups (ANOVA with 

Student-Newman-Keuls MRT, α = 0.05).  Based on wet weight, for Test 1, calculated 

bioaccumulation factors ranged from 115x to 176x.   

Based on lipid weight, the calculated LD50 for Test 1 was 6383 mg/L.  Again, 

mean accumulation generally increased with concentration with the highest three 

surviving concentrations (0.3, 0.4 and 0.5 mg/L) accumulating significantly more 

triclosan than the vehicle control (ANOVA with Dunnett’s MRT, p < 0.0001).   In 

addition, statistically significant differences in accumulation were observed among 

treatment groups (ANOVA with Student-Newman-Keuls MRT, α = 0.05).  Based on lipid 

weight, for Test 1, calculated bioaccumulation factors ranged from 5059x to 17,612x.  

Table 8 contains more detailed information.   

Based on wet weight, the calculated LD50 for Test 2 was 64.38 mg/L.  Mean 

accumulation generally increased with concentration with the highest surviving 
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treatment group (0.5 mg/L) accumulating significantly more triclosan than the vehicle 

control (ANOVA with Dunnett’s MRT, p = 0.0060).  In addition, statistically significant 

differences in accumulation were observed among treatment groups (ANOVA with 

Student-Newman-Keuls MRT, α = 0.05).  Based on wet weight, for Test 2, calculated 

bioaccumulation factors ranged from 98x to 163x.   

Based on lipid weight, the calculated LD50 for Test 2 was 3784 mg/L.  Mean 

accumulation generally increased with concentration with the highest surviving 

treatment group (0.5 mg/L) accumulating significantly more triclosan than the vehicle 

control (ANOVA with Dunnett’s MRT, p = 0.0007) as well as all other treatment groups 

(ANOVA with Student-Newman-Keuls MRT, α = 0.05).  Based on lipid weight, for Test 

2, calculated bioaccumulation factors ranged from 4288x to12,370x.  Table 8 contains 

more detailed information. 

 

Results for Triclocarban 

For the bioaccumulation study exposing 0-week old Xenopus laevis tadpoles to 

triclocarban, the calculated LC50 value was 4.22 mg/L.  Mortality rates in the 4.0, 5.0 

and 10.0 mg/L treatment groups were significantly greater than the vehicle control 

(ANOVA with Dunnett’s MRT, p < 0.0001).   

Based on wet weight, the calculated LD50 was 92.32 mg/L.  Mean accumulation 

increased with concentration with the highest four surviving treatment groups (2.0, 3.0, 

4.0 and 5.0 mg/L) accumulating significantly more triclocarban than the vehicle control 

(ANOVA with Dunnett’s MRT, p = 0.0002).  In addition, significant differences in 

accumulation were observed among treatment groups (ANOVA with Student-Newman-
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Keuls MRT, α = 0.05).  Based on wet weight, calculated bioaccumulation factors 

generally increased with concentration and ranged from 20x to 31x.   

Based on lipid weight, the calculated LD50 was 470.2 mg/L.  Again, accumulation 

generally increased with concentration with the 2.0, 3.0 and 4.0 mg/L treatment groups 

accumulating significantly more triclocarban than the vehicle control (ANOVA with 

Dunnett’s MRT, p = 0.0024).  The highest surviving concentration (5.0 mg/L) did not 

accumulate significantly more triclocarban than the vehicle control, most likely due to 

small sample size. Significant differences in accumulation were also observed among 

treatment groups (ANOVA with Student-Newman-Keuls MRT, α = 0.05).  Based on lipid 

weight, calculated bioaccumulation factors ranged from 22x to 167x.  Table 9 contains 

more detailed information. 

For the bioaccumulation studies exposing 4-week old Xenopus laevis tadpoles to 

triclocarban, the calculated LC50 values were 0.068 and 0.064 mg/L.  For Test 1, none 

of the mortality rates in the treatment groups were significantly greater than the vehicle 

control (ANOVA with Dunnett’s MRT, p < 0.0814).  For Test 2, mortality rates in the 

0.08, 0.09, 0.10 and 0.11 mg/L treatment groups were significantly greater than the 

vehicle control (ANOVA with Dunnett’s MRT, p = 0.0207).   

Based on wet weight, the calculated LD50 for Test 1 was 19.78 mg/L.  Mean 

accumulation generally increased with concentration with the highest surviving 

treatment (0.11 mg/L) accumulating significantly more triclocarban than the vehicle 

control (ANOVA with Dunnett’s MRT, p = 0.0021) as well as all of the other treatment 

groups (ANOVA with Student-Newman-Keuls MRT, α = 0.05).  Small sample sizes in 

the mid-level treatment groups may account for lack of significance but the trend in 
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bioaccumulation is still evident.  Based on wet weight, for Test 1, calculated 

bioaccumulation factors ranged from 237x to 1218x.   

Based on lipid weight, the calculated LD50 for Test 1 was 78.60 mg/L.  Again, 

mean accumulation increased with concentration with the highest surviving 

concentration (0.11 mg/L) accumulating significantly more triclocarban than the vehicle 

control (ANOVA with Dunnett’s MRT, p = 0.0497). However, no significant differences in 

accumulation were observed among treatment groups (ANOVA with Student-Newman-

Keuls MRT, α = 0.05).  Based on lipid weight, for Test 1, calculated bioaccumulation 

factors ranged from 688x to 3327x.  Table 10 contains more detailed information.   

Based on wet weight, the calculated LD50 for Test 2 was 28.55 mg/L.  Mean 

accumulation increased with concentration with the 0.07, 0.08 and 0.10 mg/L treatment 

groups accumulating significantly more triclocarban than the vehicle control (ANOVA 

with Dunnett’s MRT, p < 0.0001).  In addition, statistically significant differences in 

accumulation were observed among treatment groups (ANOVA with Student-Newman-

Keuls MRT, α = 0.05).  Based on wet weight, for Test 2, calculated bioaccumulation 

factors ranged from 217x to 3322x.   

Based on lipid weight, the calculated LD50 for Test 2 was 210.0 mg/L.  Mean 

accumulation increased with concentration with the highest three surviving 

concentrations (0.07, 0.08 and 0.10 mg/L) accumulating significantly more triclocarban 

than the vehicle control (ANOVA with Dunnett’s MRT, p < 0.0001).  In addition, 

significant differences in mean accumulation were observed among the treatment 

groups (ANOVA with Student-Newman-Keuls MRT, α = 0.05).  Based on lipid weight, 
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for Test 2, calculated bioaccumulation factors increased with concentration and ranged 

from 1718x to 37,112x.  Table 10 contains more detailed information. 

For the bioaccumulation studies exposing 8-week old Xenopus laevis tadpoles to 

triclocarban, the calculated LC50 values were 0.084, 0.080 and 0.23 mg/L.  For Test 1, 

mortality rates in the 0.1 and 0.125 mg/L treatment groups were significantly greater 

than the vehicle control (ANOVA with Dunnett’s MRT, p < 0.0005).  For Test 2, mortality 

rates in the 0.07, 0.08, 0.10 and 0.11 mg/L treatment groups were significantly greater 

than the vehicle control (ANOVA with Dunnett’s MRT, p = 0.001).  For Test 3, mortality 

rates in the 0.25, 0.5 and 1.0 mg/L treatment groups were significantly greater than the 

vehicle control (ANOVA with Dunnett’s MRT, p < 0.0001). 

Based on wet weight, the calculated LD50 for Test 1 was 25.38 mg/L.  Mean 

accumulation increased with concentration with the highest three surviving treatments 

(0.05, 0.075, and 0.1 mg/L) accumulating significantly more triclocarban than the vehicle 

control (ANOVA with Dunnett’s MRT, p < 0.0001).  In addition, significant differences in 

accumulation were observed among treatment groups (ANOVA with Student-Newman-

Keuls MRT, α = 0.05).  Based on wet weight, for Test 1, calculated bioaccumulation 

factors increased with concentration and ranged from 52x to 1110x.  Data for lipid 

weight was not collected for this test.  Table 11 contains more detailed information.   

Based on wet weight, the calculated LD50 for Test 2 was 170.8 mg/L.  Mean 

accumulation generally increased with concentration with the 0.08, 0.10 and 0.11 mg/L 

treatment groups accumulating significantly more triclocarban than the vehicle control 

(ANOVA with Dunnett’s MRT, p < 0.0001).  In addition, statistically significant 

differences in accumulation were observed among treatment groups (ANOVA with 
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Student-Newman-Keuls MRT, α = 0.05).  Based on wet weight, for Test 2, calculated 

bioaccumulation factors ranged from 578x to 7302x.   

Based on lipid weight, the calculated LD50 for Test 2 was 1790 mg/L.  Mean 

accumulation generally increased with concentration with some wavering at the higher 

concentrations, most likely due to small sample size.  The 0.08, 0.09 and 0.10 mg/L 

treatment groups accumulated significantly more triclocarban than the vehicle control 

(ANOVA with Dunnett’s MRT, p = 0.0005).  In addition, significant differences in mean 

accumulation were observed among the treatment groups (ANOVA with Student-

Newman-Keuls MRT, α = 0.05).  Based on lipid weight, for Test 2, calculated 

bioaccumulation factors ranged from 8789x to 77,334x.  Table 11 contains more 

detailed information. 

Based on wet weight, the calculated LD50 for Test 3 was 25.35 mg/L.  Mean 

accumulation increased with concentration with the 0.10, 0.125, 0.15 and 0.25 mg/L 

treatment groups accumulating significantly more triclocarban than the vehicle control 

(ANOVA with Dunnett’s MRT, p < 0.0001).  In addition, statistically significant 

differences in accumulation were observed among treatment groups (ANOVA with 

Student-Newman-Keuls MRT, α = 0.05).  Based on wet weight, for Test 3, calculated 

bioaccumulation factors ranged from 13x to 138x.   

Based on lipid weight, the calculated LD50 for Test 3 was 2017 mg/L.  Mean 

accumulation generally increased with concentration with the 0.15 and 0.25 mg/L 

treatment groups accumulating significantly more triclocarban than the vehicle control 

(ANOVA with Dunnett’s MRT, p < 0.0001).  In addition, significant differences in mean 

accumulation were observed among the treatment groups (ANOVA with Student-
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Newman-Keuls MRT, α = 0.05).  Based on lipid weight, for Test 3, calculated 

bioaccumulation factors ranged from 1024x to 10,223x.  Table 11 contains more 

detailed information.



Table 6.  Results of the bioaccumulation study exposing 0-week X. laevis tadpoles to triclosan 
Test ID Treatment 

mg/L 
Mortality5 Body Burden2 

Based on Wet Tissue Weight 
Body Burden2 

Based on Lipid Weight 
% Dead 
@ 96 hrs 

LC50
1 

mg/L 
(95% Conf. 

Limits) 

Mean4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV6 

LD50
1 

mg/L 
(95% Conf. 

Limits) 

BAF3 Mean4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV6 

LD50
1

mg/L 
(95% Conf. 

Limits) 

BAF3 

0-week 
Test 1 
(071) 

Veh. Ctrl. 
 
 

0.75 
 
 

0.875 
 
 

1.0 
 
 

1.25 
 
 

1.50 
 
 

1.75 
 
 

2.0 

10 
 
 

40 
 
 

37.5 
 
 

70* 
 
 

57.5 
 
 

100* 
 
 

100* 
 
 

100* 

0.93 
(0.88, 0.98) 

0.28A 
(±0.05) 

18.3 
3.15 A 

(±0.43) 
13.6 

2.80 A 
(±0.75) 

26.7 
17.02 A 

(±21.73) 
127 

87.20 A 
(115.53) 

132 
NA 

 
 

NA 
 
 

NA 

6.43 
(3.12, 13.26) 

NA 
 
 

4.2 
 
 

3.2 
 
 

17 
 
 

70 
 
 

NA 
 
 

NA 
 
 

NA 

3.45A 
(±1.88) 

54.5 
23.12 A 

(±11.90) 
51.4 

27.81 A 
(±4.10) 

14.7 
47.84 A 

(±53.83) 
112 

279.31 A 
(±346.68) 

124 
NA 

 
 

NA 
 
 

NA 

21.47 
(8.27, 55.75)

NA 
 
 

31 
 
 

32 
 
 

48 
 
 

223 
 
 

NA 
 
 

NA 
 
 

NA 
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Table 6.  Results of the bioaccumulation study exposing 0-week X. laevis tadpoles to triclosan (cont.) 
Analytical Chemistry Quality Control Data 

Controls 
(071) 

Expected Conc. 
pg/µL 

Actual Conc. 
pg/µL 

% Recovery 

Blank 0 ND NA 
Blank Spike 500 444.21 88.8 

Matrix Spike 1 500 314.48 62.9 
Matrix Spike 2 500 367.03 73.4 

1LC50 values and LD50 values were estimated using the Trimmed Spearman-Karber method [43]. 
2For the vehicle controls, if no triclosan was detected, half the lowest detection value was used to calculate accumulation 
so that statistical analyses could be performed. 
3BAF = Bioaccumulation Factor.  
4None of the treatment values are significantly different than the vehicle control, ANOVA with Dunnett’s MRT.  Means with 
the same letters are not significantly different from each other, ANOVA with Student-Newman-Keuls MRT, α=0.05 [46]. 
5*Denotes values that are significantly different than the vehicle control, ANOVA with Dunnett’s MRT, α = 0.05 [46]. 
6%CV = coefficient of variation in percent 
NA = not applicable 
ND = not detected. 
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Table 7.  Results of the bioaccumulation studies exposing 4-week X. laevis tadpoles to triclosan 
Test ID Treatment 

mg/L 
Mortality5 Body Burden2 

Based on Wet Tissue Weight 
Body Burden2 

Based on Lipid Weight 
% Dead 
@ 96 hrs 

LC50 
mg/L 

(95% Conf. 
Limits) 

Mean4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV7 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 Mean 4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV7 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 

4-week 
Test 1 
(045) 

Veh. Ctrl. 
 
 

0.1 
 
 

0.2 
 
 

0.3 
 
 

0.4 
 
 

0.5 
 
 

0.6 
 
 

0.7 

0 
 
 

0 
 
 

20 
 
 

90 
 
 

100* 
 
 

100* 
 
 

100* 
 
 

100* 

0.241 
(0.20, 0.27) 

2.44A 
(±1.97) 

80.9 
39.22 A 

(±21.04) 
53.6 

118.44 **B 
(±89.58) 

75.6 
144.64** B 
(±73.75) 

51.0 
NA 

 
 

NA 
 
 

NA 
 
 

NA 

128.201 
(117.59, 
139.17) 

NA 
 
 

392 
 
 

592 
 
 

482 
 
 

NA 
 
 

NA 
 
 

NA 
 
 

NA 

33.07 A 
(±30.83) 

93.2 
645.15 A 

(±468.30) 
72.6 

1097.24 A 
(±461.08) 

42.0 
3144.30** B 
(±3076.31) 

97.8 
NA 

 
 

NA 
 
 

NA 
 
 

NA 

1706.781 
(1239.51, 
2563.78) 

NA 
 
 

6452 
 
 

5486 
 
 

10,481 
 
 

NA 
 
 

NA 
 
 

NA 
 
 

NA 
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Table 7.  Results of the bioaccumulation studies exposing 4-week X. laevis tadpoles to triclosan (cont.) 
Test ID Treatment 

mg/L 
Mortality5 Body Burden2 

Based on Wet Tissue Weight 
Body Burden2 

Based on Lipid Weight 
% Dead 
@ 96 hrs 

LC50 
mg/L 

(95% Conf. 
Limits) 

Mean4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV7 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 Mean 4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV7 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 

4-week 
Test 2 
(048) 

Veh. Ctrl. 
 
 

0.1 
 
 

0.15 
 
 

0.2 
 
 

0.25 
 
 

0.3 
 
 

0.35 
 
 

0.4 

0 
 
 

0 
 
 

20 
 
 

25 
 
 

80* 
 
 

85* 
 
 

95* 
 
 

100* 

0.211 
(0.19, 0.23) 

14.34 A 
(±2.95) 

20.6 
92.50 A 

(±50.44) 
54.5 

156.05 A 
(±117.70) 

75.4 
440.85 AB 
(±278.56) 

63.2 
764.50**B 

(NA, n = 1) 
NA 

434.30 AB 
(NA, n = 1) 

NA 
719.40**B 

(NA, n = 1) 
NA 
NA 

342.186 
(269.34, 
434.71) 

NA 
 
 

925 
 
 

1040 
 
 

2204 
 
 

3058 
 
 

1448 
 
 

2055 
 
 

NA 

258.91 A 
(±86.85) 

33.5 
2012.54 AB 
(±1526.58) 

75.8 
2836.34 AB 
(±691.95) 

24.4 
5899.88**B 
(±1684.59) 

28.6 
10788.00**C 
(NA, n = 1) 

NA 
5819.60**B 
(NA, n = 1) 

NA 
9711.92**C 
(NA, n = 1) 

NA 
NA 

5099.566 
(4261.53, 
6102.39) 

NA 
 
 

20125 
 
 

18909 
 
 

29499 
 
 

43152 
 
 

19399 
 
 

27748 
 
 

NA 
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Table 7.  Results of the bioaccumulation studies exposing 4-week X. laevis tadpoles to triclosan (cont.) 
Analytical Chemistry Quality Control Data 

Controls 
(045) 

Expected Conc. 
pg/µL 

Actual Conc. 
pg/µL 

% Recovery 

Blank 0 70.62 NA 
Blank Spike 500 622.34 124.5 

Matrix Spike 1 500 2919.58 583.9 
Matrix Spike 2 500 556.45 111.3 

Controls 
(048) 

Expected Conc. 
pg/µL 

Actual Conc. 
pg/µL 

% Recovery 

Blank 0 ND NA 
Blank Spike 500 448.95 89.8 

Matrix Spike 1 500 638.08 127.6 
Matrix Spike 2 500 Not enough tissue for 2nd rep NA 
1LC50 and LD50 values were estimated using the EPA Probit Analysis Program [44].   
2For the vehicle controls, if no triclosan was detected, half the lowest detection value was used to calculate accumulation 
so that statistical analyses could be performed. 
3BAF = Bioaccumulation Factor 
4**Denotes values that are significantly different than the vehicle control, ANOVA with Dunnett’s MRT, α = 0.05.  Means 
with the same letters are not significantly different from each other, ANOVA with Student-Newman-Keuls MRT, α = 0.05 
[46]. 
5*Denotes values that are significantly different than the vehicle control, ANOVA with Dunnett’s MRT, α = 0.05 [46]. 
6LD50 values estimated using the Trimmed Spearman Karber method [43]. 
7%CV = coefficient of variation in percent 
NA = not applicable. 
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Table 8.  Results of the bioaccumulation studies exposing 8-week X. laevis tadpoles to triclosan 
Test ID Treatment 

mg/L 
Mortality5 Body Burden2 

Based on Wet Tissue Weight 
Body Burden2 

Based on Lipid Weight 
% Dead 
@ 96 hrs 

LC50 
mg/L 

(95% Conf. 
Limits) 

Mean4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV7 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 Mean 4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV7 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 

8-week 
Test 1 
(046) 

Veh. Ctrl. 
 
 

0.1 
 
 

0.2 
 
 

0.3 
 
 

0.4 
 
 

0.5 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

10 
 
 

80* 

0.461 
(0.42, 0.50) 

1.64A 
(±0.86) 

52.7 
12.10 AB 
(±4.04) 

33.4 
23.05 **B 
(±5.25) 

22.8 
51.91**C 
(±15.31) 

29.5 
54.12**C 
(±13.92) 

25.7 
88.41**D 
(±12.50) 

14.1 

74.401 
(64.97, 
89.32) 

NA 
 
 

121 
 
 

115 
 
 

173 
 
 

135 
 
 

176 

101.74 A 
(±73.76) 

72.5 
649.06 A 

(±309.58) 
47.7 

1011.88 A 
(±604.34) 

59.7 
3550.33**B 
(±1264.92) 

35.6 
3226.50**B 
(±817.80) 

25.3 
8806.06**C 
(±1032.54) 

11.7 

6383.261 
(4944.18, 
9161.06) 

NA 
 
 

6491 
 
 

5059 
 
 

11834 
 
 

8066 
 
 

17612 
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Table 8.  Results of the bioaccumulation studies exposing 8-week X. laevis tadpoles to triclosan (cont.) 
Test ID Treatment 

mg/L 
Mortality5 Body Burden2 

Based on Wet Tissue Weight 
Body Burden2 

Based on Lipid Weight 
% Dead 
@ 96 hrs 

LC50 
mg/L 

(95% Conf. 
Limits) 

Mean4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV7 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 Mean 4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV7 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 

8-week 
Test 2 
(062) 

Veh. Ctrl. 
 
 

0.2 
 
 

0.3 
 
 

0.4 
 
 

0.5 
 

0 
 
 

10 
 
 

30 
 
 

40 
 
 

60 
 

0.456 
(0.35, 0.57) 

2.67A 
(±2.31) 

86.4 
31.84A 

(±38.32) 
120 

45.10AB 
(±43.78) 

97.1 
39.16 AB 
(±16.66) 

42.5 
81.62**B 
(±12.88) 

15.8 

64.386 
(38.05, 
108.93) 

NA 
 
 

159 
 
 

150 
 
 

98 
 
 

163 
 

91.43 A 
(±42.92) 

46.9 
1034.13A 

(±1684.33) 
163 

1811.82A 
(±1593.14) 

87.9 
1715.42A 
(±705.87) 

41.1 
6185.22**B 
(±3768.94) 

60.9 

3784.946 
(1274.47, 
11240.56) 

NA 
 
 

5171 
 
 

6039 
 
 

4288 
 
 

12370 
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Table 8.  Results of the bioaccumulation studies exposing 8-week X. laevis tadpoles to triclosan (cont.) 
Analytical Chemistry Quality Control Data 

Controls 
(046) 

Expected Conc. 
pg/µL 

Actual Conc. 
pg/µL 

% Recovery 

Blank 0 70.62 NA 
Blank Spike 500 622.34 124.5 

Matrix Spike 1 500 2919.58 583.9 
Matrix Spike 2 500 556.45 111.3 

Controls 
(062) 

Expected Conc. 
pg/µL 

Actual Conc. 
pg/µL 

% Recovery 

Blank 0 ND NA 
Blank Spike 500 526.66 105.3 

Matrix Spike 1 500 696.41 139.3 
Matrix Spike 2 500 522.32 104.5 
1LC50 and LD50 values were estimated using the EPA Probit Analysis Program [44].   
2For the vehicle controls, if no triclosan was detected, half the lowest detection value was used to calculate accumulation 
so that statistical analyses could be performed. 
3BAF = Bioaccumulation Factor 
4**Denotes values that are significantly different than the vehicle control, ANOVA with Dunnett’s MRT, α = 0.05.  Means 
with the same letters are not significantly different from each other, ANOVA with Student-Newman-Keuls MRT, α = 0.05 
[46]. 
5*Denotes values that are significantly different than the vehicle control, ANOVA with Dunnett’s MRT, α = 0.05 [46]. 
6LD50 values estimated using the Trimmed Spearman Karber method [43]. 
7%CV = coefficient of variation in percent 
NA = not applicable. 
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Table 9.  Results of the bioaccumulation study exposing 0-week X. laevis tadpoles to triclocarban 
Test ID Treatment 

mg/L 
Mortality5 Body Burden2 

Based on Wet Tissue Weight 
Body Burden2 

Based on Lipid Weight 
% Dead 
@ 96 hrs 

LC50
1 

mg/L 
(95% Conf. 

Limits) 

Mean4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV7 

LD50
1 

mg/L 
(95% Conf. 

Limits) 

BAF3 Mean4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV7 

LD50
6

mg/L 
(95% Conf. 

Limits) 

BAF3 

0-week 
Test 1 
(065) 

Veh. Ctrl. 
 
 

1.0 
 
 

2.0 
 
 

3.0 
 
 

4.0 
 
 

5.0 
 
 

10.0 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

32.5* 
 
 

92.5* 
 
 

100* 

4.22 
(4.61, 4.98) 

0.04A 
(±0.02) 

49.2 
31.28AB 
(±10.42) 

33.3 
46.22**B 
(±14.76) 

31.9 
60.91**BC 
(±12.63) 

20.7 
89.33**C 
(40.96) 

45.8 
102.46**C 
(NA, n = 1) 

NA 
NA 

92.32 
(90.6, 93.9) 

NA 
 
 

31 
 
 

23 
 
 

20 
 
 

22 
 
 

21 
 
 

NA 

0.32A 
(±0.20) 

60.4 
166.57AB 
(±54.15) 

32.5 
259.48**AB 
(±144.44) 

55.7 
266.24**AB 
(±68.98) 

25.9 
386.39**B 
(±150.82) 

39.0 
107.58A 

(NA, n = 1) 
NA 
NA 

470.18 
(NA) 

NA 
 
 

167 
 
 

130 
 
 

89 
 
 

97 
 
 

22 
 
 

NA 
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Table 9.  Results of the bioaccumulation study exposing 0-week X. laevis tadpoles to triclocarban (cont.) 
Analytical Chemistry Quality Control Data 

Controls 
(065) 

Expected Conc. 
pg/µL 

Actual Conc. 
pg/µL 

% Recovery 

Blank 0 5.2 NA 
Blank Spike 100 6.8 6.8 

Matrix Spike 1 200 209.00 104.5 
Matrix Spike 2 200 175.10 87.55 
1LC50 values and LD50 values were estimated using the EPA Probit Analysis program [44].   
2For the vehicle controls, if no triclosan was detected, half the lowest detection value was used to calculate accumulation 
so that statistical analyses could be performed. 
3BAF = Bioaccumulation Factor 
4**Denotes values that are significantly different than the vehicle control, ANOVA with Dunnett’s MRT, α = 0.05.  Means 
with the same letters are not significantly different from each other, ANOVA with Student-Newman-Keuls MRT, α = 0.05 
[46]. 
5*Denotes values that are significantly different than the vehicle control, ANOVA with Dunnett’s MRT, α = 0.05 [46]. 
6LD50 value was estimated using a linear regression model, R2 = 0.7454, y = 5.9856x + 230.76 [102]. 
7%CV = coefficient of variation in percent 
NA = not applicable. 
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Table 10.  Results of the bioaccumulation studies exposing 4-week X. laevis tadpoles to triclocarban 
Test ID Treatment 

mg/L 
Mortality5 Body Burden2 

Based on Wet Tissue Weight 
Body Burden2 

Based on Lipid Weight 
% Dead 
@ 96 hrs 

LC50 
mg/L 

(95% Conf. 
Limits) 

Mean4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV6 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 Mean 4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV6 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 

4-week 
Test 1 
(039) 

Veh. Ctrl. 
 
 

0.06 
 
 

0.07 
 
 

0.08 
 
 

0.09 
 
 

0.1 
 
 

0.11 

0 
 
 

20 
 
 

60 
 
 

90 
 
 

90 
 
 

80 
 
 

70 

0.0681 
(0.039, 
0.079) 

2.95A 
(±0.62) 

20.9 
14.24A 
(±4.10) 

28.8 
27.1A 

(±10.01) 
36.9 

51.89A 
(NA, n = 1) 

NA 
40.50A 

(NA, n = 1) 
NA 

47.54A 
(NA, n = 1) 

NA 
133.93**B 
(±72.43) 

54.1 

19.781 
(0.27, 
34.44) 

NA 
 
 

237 
 
 

387 
 
 

649 
 
 

450 
 
 

475 
 
 

1218 

10.43A 
(±2.68) 

25.7 
41.28A 

(±16.50) 
40.0 

76.98A 
(±22.57) 

29.3 
161.03A 

(NA, n = 1) 
NA 

271.90A 
(NA, n = 1) 

NA 
277.58A 

(NA, n = 1) 
NA 

366.02**A 
(±363.89) 

99.4 

78.601 
(21.03, 
129.96) 

NA 
 
 

688 
 
 

1100 
 
 

2013 
 
 

3021 
 
 

2776 
 
 

3327 
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Table 10.  Results of the bioaccumulation studies exposing 4-week X. laevis tadpoles to triclocarban (cont.) 
Test ID Treatment 

mg/L 
Mortality5 Body Burden2 

Based on Wet Tissue Weight 
Body Burden2 

Based on Lipid Weight 
% Dead 
@ 96 hrs 

LC50 
mg/L 

(95% Conf. 
Limits) 

Mean4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV6 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 Mean 4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV6 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 

4-week 
Test 2 
(044) 

Veh. Ctrl. 
 
 

0.06 
 
 

0.07 
 
 

0.08 
 
 

0.09 
 
 

0.1 
 
 

0.11 

0 
 
 

40 
 
 

60 
 
 

90* 
 
 

100* 
 
 

90* 
 
 

100* 

0.0641 
(0.05, 0.07) 

1.10A 
(±0.45) 

41.0 
12.99A 
(±7.33) 

56.4 
113.68**B 
(±62.91) 

55.3 
265.77**C 
(NA, n = 1) 

NA 
NA 

 
 

298.48**C 
(NA, n = 1) 

NA 
NA 

28.551 
(0.92, 
74.21) 

NA 
 
 

217 
 
 

1624 
 
 

3322 
 
 

NA 
 
 

2985 
 
 

NA 

11.84A 
(±5.12) 

43.2 
103.05A 
(±43.64) 

42.3 
529.30**B 
(±242.44) 

45.8 
2166.00**C 
(NA, n = 1) 

NA 
NA 

 
 

3711.17**D 
(NA, n = 1) 

NA 
NA 

210.031 
(10.93, 
550.30) 

NA 
 
 

1718 
 
 

7561 
 
 

27075 
 
 

NA 
 
 

37112 
 
 

NA 
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Table 10.  Results of the bioaccumulation studies exposing 4-week X. laevis tadpoles to triclocarban (cont.) 
Analytical Chemistry Quality Control Data 

Controls 
(039) 

Expected Conc. 
pg/µL 

Actual Conc. 
pg/µL 

% Recovery 

Blank 0 ND NA 
Blank Spike 100 118.10 118.1 

Matrix Spike 1 100 95.50 95.5 
Matrix Spike 2 100 Not enough tissue for 2nd rep NA 

Controls 
(044) 

Expected Conc. 
pg/µL 

Actual Conc. 
pg/µL 

% Recovery 

Blank 0 ND NA 
Blank Spike 100 118.10 118.1 

Matrix Spike 1 100 95.50 95.5 
Matrix Spike 2 100 Not enough tissue for 2nd rep NA 
1LC50 and LD50 values were estimated using the EPA Probit Analysis Program [44].   
2For the vehicle controls, if no triclosan was detected, half the lowest detection value was used to calculate accumulation 
so that statistical analyses could be performed. 
3BAF = Bioaccumulation Factor 
4**Denotes values that are significantly different than the vehicle control, ANOVA with Dunnett’s MRT, α = 0.05.  Means 
with the same letters are not significantly different from each other, ANOVA with Student-Newman-Keuls MRT, α = 0.05 
[46]. 
5*Denotes values that are significantly different than the vehicle control, ANOVA with Dunnett’s MRT, α = 0.05 [46]. 
6%CV = coefficient of variation in percent 
NA = not applicable. 
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Table 11.  Results of the bioaccumulation studies exposing 8-week X. laevis tadpoles to triclocarban 
Test ID Treatment 

mg/L 
Mortality5 Body Burden2 

Based on Wet Tissue Weight 
Body Burden2 

Based on Lipid Weight 
% Dead 
@ 96 hrs 

LC50 
mg/L 

(95% Conf. 
Limits) 

Mean4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV7 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 Mean 4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV7 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 

8-week 
Test 1 
(037) 

Veh. Ctrl. 
 
 

0.025 
 
 

0.05 
 
 

0.075 
 
 

0.1 
 
 

0.125 

0 
 
 

0 
 
 

0 
 
 

20 
 
 

90* 
 
 

100* 

0.0841 
(0.075, 
0.094) 

0.04A 
(±0.003) 

8.6 
1.31A 

(±0.43) 
32.7 

3.96**AB 
(±2.02) 

51.1 
7.50**B 
(±3.38) 

45.1 
110.97**C 
(NA, n = 1) 

NA 
NA 

25.381 
(12.64, 
68.72) 

NA 
 
 

52 
 
 

79 
 
 

100 
 
 

1110 
 
 

NA 

DNC DNC DNC 
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Table 11.  Results of the bioaccumulation studies exposing 8-week X. laevis tadpoles to triclocarban (cont.) 
Test ID Treatment 

mg/L 
Mortality5 Body Burden2 

Based on Wet Tissue Weight 
Body Burden2 

Based on Lipid Weight 
% Dead 
@ 96 hrs 

LC50 
mg/L 

(95% Conf. 
Limits) 

Mean4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV7 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 Mean 4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV7 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 

8-week 
Test 2 
(047) 

Veh. Ctrl. 
 
 

0.05 
 
 

0.06 
 
 

0.07 
 
 

0.08 
 
 

0.09 
 
 

0.10 
 
 

0.11 

0 
 
 

10 
 
 

0 
 
 

70* 
 
 

70* 
 
 

20 
 
 

70* 
 
 

90* 

0.0806 
(0.07, 0.09) 

-0.91A 
(±0.34) 
-37.2 

28.90A 
(±18.79) 

65.0 
62.37A 

(±35.03) 
56.2 

141.21AB 
(±160.43) 

114 
396.30**C 
(±75.84) 

19.1 
162.16AB 
(±141.29) 

87.1 
730.18**D 
(±205.17) 

28.1 
316.28**BC 
(NA, n = 1) 

NA 

170.856 
(117.67, 
248.07) 

NA 
 
 

578 
 
 

1040 
 
 

2017 
 
 

4954 
 
 

1802 
 
 

7302 
 
 

2875 

-11.76A 
(±2.13) 
-18.1 

439.47A 
(±298.76) 

68.0 
1370.42A 
(±723.70) 

52.8 
1407.36A 

(±1525.70) 
108 

4670.67**AB 
(±628.38) 

13.4 
3041.33**A 
(±2667.71) 

87.7 
7733.44**B 
(±5103.10) 

66.0 
2298.33A 

(NA, n = 1) 
NA 

1790.596 
(1110.87, 
2886.21) 

NA 
 
 

8789 
 
 

22840 
 
 

20105 
 
 

58383 
 
 

33793 
 
 

77334 
 
 

20894 
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Table 11.  Results of the bioaccumulation studies exposing 8-week X. laevis tadpoles to triclocarban (cont.) 
Test ID Treatment 

mg/L 
Mortality5 Body Burden2 

Based on Wet Tissue Weight 
Body Burden2 

Based on Lipid Weight 
% Dead 
@ 96 hrs 

LC50 
mg/L 

(95% Conf. 
Limits) 

Mean4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV7 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 Mean 4 
Accumulation 

mg/L 
(Std. Dev.) 

%CV7 

LD50
mg/L 

(95% Conf. 
Limits) 

BAF3 

8-week 
Test 3 
(059) 

Veh. Ctrl. 
 
 

0.05 
 
 

0.075 
 
 

0.1 
 
 

0.125 
 
 

0.15 
 
 

0.25 
 
 

0.5 
 

1.0 

0 
 
 

5 
 
 

0 
 
 

5 
 
 

0 
 
 

5 
 
 

66* 
 
 

100* 
 

100* 

0.236 
(0.16, 0.33) 

0.02A 
(±0.03) 

193 
0.63AB 
(±0.38) 

59.9 
2.03AB 
(±0.46) 

22.6 
5.95**ABC 
(±3.45) 

58.0 
7.16**BC 
(±3.02) 

42.1 
11.08**C 
(±6.26) 

56.5 
34.44**D 

(NA, n = 1) 
NA 
NA 

 
NA 

25.356 
(12.19, 
52.71) 

NA 
 
 

13 
 
 

27 
 
 

60 
 
 

57 
 
 

74 
 
 

138 
 
 

NA 
 

NA 

1.75A 
(±3.22) 

183 
51.21A 

(±30.63) 
59.8 

222.88A 
(±72.10) 

32.3 
580.26AB 
(±423.91) 

73.0 
373.91A 

(±347.45) 
92.9 

1064.30**B 
(±715.39) 

67.2 
2555.76**C 
(NA, n = 1) 

NA 
NA 

 
NA 

2016.956 
(1145.76, 
3550.55) 

NA 
 
 

1024 
 
 

2972 
 
 

5803 
 
 

2991 
 
 

7095 
 
 

10223 
 
 

NA 
 

NA 
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Table 11.  Results of the bioaccumulation studies exposing 8-week X. laevis tadpoles to triclocarban (cont.) 
Analytical Chemistry Quality Control Data 

Controls 
(037) 

Expected Conc. 
pg/µL 

Actual Conc. 
pg/µL 

% Recovery 

Blank 0 ND NA 
Blank Spike 100 80.3 80.3 

Matrix Spike 1 100 66.4 66.4 
Matrix Spike 2 100 85.8 85.8 

Controls 
(047) 

Expected Conc. 
pg/µL 

Actual Conc. 
pg/µL 

% Recovery 

Blank 0 -52.6 NA 
Blank Spike 100 -53.2 -53.2 

Matrix Spike 1 100 -51.8 -51.8 
Matrix Spike 2 100 Not enough tissue for a 2nd rep NA 

Controls 
(059) 

Expected Conc. 
pg/µL 

Actual Conc. 
pg/µL 

% Recovery 

Blank 0 29.4 NA 
Blank Spike 100 131.7 131.7 

Matrix Spike 1 100 113.9 113.9 
Matrix Spike 2 100 103.9 103.9 

1LC50 and LD50 values were estimated using the EPA Probit Analysis Program [44].   
2For the vehicle controls, if no triclosan was detected, half the lowest detection value was used to calculate accumulation 
so that statistical analyses could be performed. 
3BAF = Bioaccumulation Factor 
4**Denotes values that are significantly different than the vehicle control, ANOVA with Dunnett’s MRT, α = 0.05.  Means 
with the same letters are not significantly different from each other, ANOVA with Student-Newman-Keuls MRT, α = 0.05 
[46]. 
5*Denotes values that are significantly different than the vehicle control, ANOVA with Dunnett’s MRT, α = 0.05 [46]. 
6LD50 values estimated using the Trimmed Spearman Karber method [43]. 
7%CV = coefficient of variation in percent 
NA = not applicable; DNC = data not collected



STUDIES TO ASSESS EFFECTS OF TRICLOSAN ON METAMORPHOSIS 

Effects of triclosan on amphibian metamorphosis were assessed using the South 

African clawed frog (Xenopus laevis).  Three different aspects of metamorphosis were 

evaluated for this assessment:  time-to-metamorphosis, hind limb development, and tail 

resorption.  For the time-to-metamorphosis study, four null hypotheses were 

considered:  (1) there was no difference in swimming between the vehicle controls and 

dosed treatments; (2) there was no difference in the number of days for a tadpole to 

metamorphose between the vehicle controls and dosed treatments; (3) there was no 

difference in weights between the vehicle controls and dosed treatments; and (4) there 

was no difference in snout-vent length between the vehicle controls and dosed 

treatments.  For the hind limb development study, the null hypothesis was that there 

was no difference in hind limb length among any of the treatments or vehicle controls.  

For the tail resorption study, the null hypothesis was that there was no difference in tail 

resorption rates among any of the treatments or vehicle controls.   

For each experiment discussed below, only environmentally relevant 

concentrations of triclosan were tested.  Concentrations were chosen based on values 

reported in the literature for surface waters in the U.S.  Each test consisted of four 

triclosan concentrations, a negative control (dechlorinated tap water) and a vehicle 

control (DMSO).  The four concentrations in ppb are 0.07, 0.7, 7.0 and 70.0.  Each 

concentration consisted of two replicates.  Each test was performed only once.   
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Time-to-Metamorphosis Study 

For the time-to-metamorphosis study, 20 stage-46 tadpoles were randomly 

placed in each 21-liter glass aquaria containing various triclosan treatments (0.07 ppb, 

0.7 ppb, 7.0 ppb, 70.0 ppb, negative control, vehicle control) using pre-generated 

random number tables [29].  There were two replicate tanks for each treatment for a 

total of 12 tanks.  Three liters of test solution were added to each aquarium for the first 

two weeks then the amount was increased to six liters for the remainder of the study.  

The test solutions were prepared in dechlorinated tap water, which also served as the 

negative control.  The experiment was conducted as a flow-thru study and the 

treatments were delivered to the aquaria via a Masterflex® L/S cartridge pump head 

system(Cole Parmer Instrument Company, model 7519-15) and syringe pump (Harvard 

Apparatus, PHD 2000 Infusion).   The desired flow rate was 20 mLs per minute.  Actual 

flow rates typically ranged from 16 to 22 mLs per minute.  To achieve the required 

concentration for each tank, the test materials in the syringes were prepared at 

concentrations 6000 times greater than the desired concentrations.  With a flow rate of 

approximately 20 mLs per minute, the infusion rate was set at 3.3 µL per minute, which 

yielded the desired concentrations in the aquaria.  The vehicle control was 100% DMSO 

in the syringe or approximately 0.02% in the aquaria.  The syringes were re-filled as 

necessary, about every six days.  At the start of the study, each tank of larvae were fed 

20 mLs of 6 g/L blended tadpole mash purchased commercially from Xenopus I, twice 

daily (once daily on weekends).  The amount of food was increased to 40 mLs of 6 g/L 

mash at each feeding after the first two weeks to coincide with the increase in test 

solution from three to six liters.   
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Basic water chemistry measurements from samples obtained directly from the 

aquaria were taken throughout the study.  Measurements were made from samples 

taken directly from the aquaria.  Each tank was sampled at least once during the course 

of the study.  The pH of the test solutions were between 7.2 and 7.9; water temperature 

ranged from 20.3 to 22.8ºC; alkalinity ranged from 70 to 115 mg/L as CaCO3; hardness 

ranged from 86 to 136 mg/L as CaCO3; conductivity ranged from 286 to 370 µS/cm; and 

dissolved oxygen ranged from 4.8 to 9.0 mg/L.  See Table B-3 for a full list of water 

chemistry measurements.  In addition, nitrates, ammonia and iodine levels were 

checked using semi-quantitative tests, which gave concentration ranges but not specific 

values for each parameter.  For nitrates (Tetratest®, Blacksburg, VA) all of the samples 

taken were in the 0 – 12.5 mg/L range.  For total ammonia (Tetratest®, Blacksburg, VA), 

one sample read 0 mg/L; four samples read 0 – 0.25 mg/L, and seven samples read 

0.25 – 1.5 mg/L.  All of the iodine samples (Hach Permachem® Reagent, Loveland, CO) 

were in the 0 – 0.5 mg/L range.    See Table B-4 for a full list of semi-quantitative 

measurements.  To ensure that the tadpoles were receiving enough light, 

measurements were taken at the water surface of each tank using a GE Light Meter, 

Type 217.  Measurements ranged from 42 to 80 footcandles.  See Table D-1 for a full 

list of light measurements. 

Each aquarium was checked daily for mortality and dead tadpoles were removed 

and tallied. In addition, the number of tadpoles with bent tails, asymmetrical tails, edema 

or abnormal swimming was recorded.  Abnormal swimming was defined as a tadpole 

lying on the bottom of the aquarium (no swimming), swimming upside down, on its side, 

or in circles [45].   Once a tadpole reached stage 66 (complete tail resorption), the day 
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(post-hatch) was recorded as the time-to-metamorphosis [39, 45].  The tadpole was 

then removed from the test chamber, euthanized with MS-222, weighed, and measured 

for snout-vent length.  Snout-vent length measurements were made using Axiovision® 

4.7.2 [34] digitizing software. 

 

Results of the Time-to-Metamorphosis Study 

During the three month exposure for the time-to-metamorphosis study, a total of 

five tadpoles died.  The deaths were sporadic and were not dose related.  In addition, 

only three tadpoles exhibited abnormal swimming and /or malformations during the 

exposure period.  The first death was in the negative control treatment group and the 

tadpole had a bent tail.  During the first two days of the test, the tadpole was found lying 

on the bottom of the tank, swimming upside down and swimming in circles.  The tadpole 

was most likely injured during the test initiation process and died on test day 3.  The 

second tadpole was in the vehicle control treatment group and was found floating near 

the surface of the water during week six of the test.  The tadpole was somehow injured 

and exhibited abdominal edema but never died.  During the last three weeks of the test, 

a third tadpole, also from a negative control tank, was observed swimming in circles, 

floating on its back or floating on its side.  The tadpole did not die but it also never 

recovered by the end of the study.  The malformations and erratic swimming observed 

during the time-to-metamorphosis study were all from tadpoles assigned to control 

tanks, and therefore, were not caused by triclosan exposure.   

Throughout the three month exposure, tanks were checked daily.  Tadpoles that 

reached metamorphosis on any given day were removed and the number of days post 
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hatch was recorded.  The tadpoles were also weighed and their snout-vent length was 

measured after euthanization.  Mean wet weight increased with dose and all of the 

treatment groups were significantly heavier than the vehicle control (Kruskall-Wallis with 

Dunnett’s MRT on ranked data, p < 0.0001).  In addition, significant differences in mean 

wet weight were observed among treatment groups (Kruskall-Wallis with Student-

Newman-Keuls MRT on ranked data, α = 0.05).  Mean snout-vent lengths for all 

treatment groups were also significantly longer than the vehicle controls (ANOVA with 

Dunnett’s MRT, p < 0.0001).  Significant differences in mean snout-vent length were 

also observed among treatment groups (ANOVA with Student-Newman-Keuls MRT, α = 

0.05).  The mean number of days for tadpoles to reach metamorphosis was significantly 

less in all of the treatment groups compared to the vehicle control (Kruskall-Wallis with 

Dunnett’s MRT on ranked data, p < 0.0001), however, none of the treatment groups 

were significantly different from each other (Kruskall-Wallis with Student-Newman-Keuls 

MRT on ranked data, α = 0.05).  Table 12 contains more detailed information.  
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Table 12.  Results of the time-to-metamorphosis study exposing X. laevis tadpoles to 
environmentally relevant concentrations of triclosan 

Treatment 
(mg/L) 

Mean Wet Weight1 
mg 

 
(Std. Dev.) 

%CV3 

Mean Snout-Vent2 

Length 
cm 

(Std. Dev.) 
%CV3 

Mean Number of 
Days to Reach 

Metamorphosis1 
(Std. Dev.) 

%CV3 
Veh. Ctrl. 499.18A 

(±125.73) 
25.2 

1.73A 
(±0.13) 

7.3 

56.67A 
(±11.64) 

20.5 
0.07 604.95*B 

(±112.61) 
18.6 

1.84**BC 
(±0.10) 

5.2 

45.85*B 
(±4.69) 

10.2 
0.7 605.06*B 

(±172.75) 
28.6 

1.81**B 
(±0.15) 

8.6 

49.52*B 
(±9.05) 

18.3 
7.0 612.63*B 

(±104.58) 
17.1 

1.84**BC 
(±0.11) 

6.0 

46.82*B 
(±4.75) 

10.1 
70.0 671.83*C 

(±107.02) 
15.9 

1.88**C 
(±0.09) 

4.8 

48.32*B 
(±5.42) 

11.2 
1*Denotes treatment values that are significantly different than the vehicle controls, 
Kruskall-Wallis with Dunnetts MRT on ranked data, α = 0.05.  Means with the same 
letters are not significantly different from each other, Kruskall-Wallis with Student-
Newman-Keuls MRT on ranked data, α = 0.05 [46]. 
2**Denotes treatment values that are significantly different than the vehicle controls, 
ANOVA with Dunnetts MRT, α = 0.05.  Means with the same letters are not significantly 
different from each other, ANOVA with Student-Newman-Keuls MRT, α = 0.05 [46]. 
3%CV = coefficient of variation in percent 
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Hind Limb Development Study 

The hind limb development study was conducted in general accordance with the 

methods developed by Fort and Stover [35, 36, 38] as well as the OECD guideline for 

an amphibian metamorphosis assay [99] .  For this test, eggs were purchased from 

Xenopus I (Dexter, Michigan).  The eggs arrived and most were at Nieuwkoop-Faber  

(NF) stage 20.  The eggs were placed into aquariums containing dechlorinated tap 

water to acclimate to the exposure conditions and grow to the required stage.  The 

tanks were aerated continuously.  Once the tadpoles reached NF stage 46 (free 

swimming), each tank of tadpoles was fed 40 mLs of 6 g/L blended tadpole mash 

purchased commercially from Xenopus I, twice daily (once daily on weekends).  The 

water in the tanks was changed twice weekly and debris was cleared from the tanks as 

needed.  The density of the tadpoles was kept at 40 embryos per 10 L of dechlorinated 

tap water for the first three weeks of the acclimation period then changed to 20 embryos 

per six liters of dechlorinated tap water for the last week.  For test initiation, tadpoles 

were staged and only NF stage 50 or 51 tadpoles were used.  The tadpoles were 

randomly placed into treatment tanks containing six liters of test solution.  The 

treatments were a negative control (dechlorinated tap water), vehicle control (0.01% 

DMSO), 0.07 ppb, 0.7 ppb, 7.0 ppb and 70.0 ppb triclosan.  There were two replicate 

tanks containing 20 tadpoles each for each treatment.  The test was performed as a 

static renewal exposure with continuous aeration.  Feeding and renewal schedules were 

kept the same as the acclimation period.  Mortality was checked daily and dead 

tadpoles were removed.  At test day seven, five tadpoles were randomly chosen from 

each tank using pre-generated random number tables [29], euthanized with MS-222 
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and weighed.  In addition, measurements were taken for both the hind limb and snout-

vent length of each tadpole using Axiovision® 4.7.2 [34] digitizing software.  After all 

measurements were made, the tadpoles were fixed in 3% (w/v) formalin and gross 

malformations in hind limb development were recorded. According to the OECD 

protocol, to terminate the test, the minimum median developmental stage should be NF 

stage 57 [99].  However, Fort et al. [36, 38] ended his tests at NF stage 54.  At test day 

21, all of the tadpoles from one negative control tank were anesthetized with MS-222 

and staged.  The median age of the tadpoles was NF stage 53 so the test was 

continued.  Three of the fifteen tadpoles survived the staging process and were placed 

back into the treatment tank.  The other 12 tadpoles were weighed, measured and fixed 

in formalin.  At test day 32, the experiment was terminated.  The median age of the 

tadpoles from the second negative control tank was NF stage 55, with one third of the 

tadpoles reaching stage 57 or higher.  The tadpoles from all the tanks were euthanized, 

weighed, measured and fixed in formalin.   

  Basic water chemistry measurements were taken throughout the study.  

Measurements were made from samples taken directly from the aquaria.  Each tank 

was sampled at least once during the course of the study.  The pH of the test solutions 

were between 7.4 and 8.0; water temperature ranged from 19.9 to 21.3ºC; alkalinity 

ranged from 80 to 105 mg/L as CaCO3; hardness ranged from 92 to 116 mg/L as 

CaCO3; conductivity ranged from 320 to 363 µS/cm; and dissolved oxygen ranged from 

6.6 to 8.5 mg/L.  See Table B-5 for a full list of water chemistry measurements.  In 

addition, nitrates, ammonia and iodine levels were checked using semi-quantitative 

tests, which gave concentration ranges but not specific values for each parameter.  For 
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nitrates (Tetratest®, Blacksburg, VA) all of the samples taken were in the 25 – 50 mg/L 

range.  For total ammonia (Tetratest®, Blacksburg, VA), two samples read 0 mg/L; three 

samples read 0 – 0.25 mg/L, and seven samples read 0.25 – 1.5 mg/L.  All of the iodine 

samples (Hach Permachem® Reagent, Loveland, CO) were in the 0 – 0.5 mg/L range.    

See Table B-6 for a full list of semi-quantitative measurements.  To ensure that the 

tadpoles were receiving enough light, light measurements were taken at the water 

surface of each tank using a GE Light Meter, Type 217.  Measurements ranged from 13 

to 100 footcandles.  See Table D-2 for a full list of light measurements. 

 

Results of Hind Limb Development Study 

 During the 32-day exposure period for the hind limb development study, only two 

tadpoles died.  The deaths were sporadic and do not appear to be dose dependent.  In 

addition, five tadpoles were observed lying on the bottom of the tank or swimming in 

circles.  However, the abnormal swimming was temporary and did not persist 

throughout the study.  Two of the tadpoles exhibiting abnormal swimming were in the 

0.07 mg/L treatment group, two were in the 0.7 mg/L treatment group and one tadpole 

was in the 70.0 mg/L treatment group.  The abnormal swimming observed does not 

appear to be dose dependent.   

 After 7 days exposure, a subset of tadpoles were randomly removed from each 

tank, weighed, measured and staged.  Although the mean wet weight of the 0.7 mg/L 

treatment group was significantly lower than the vehicle control (ANOVA with Dunnett’s 

MRT, p = 0.02), this result seems to be anomalous with the rest of the data.  Significant 

differences in mean wet weight were also observed among the treatment groups, but, 
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overall, values do not appear to be dose dependent (ANOVA with Student-Newman-

Keuls MRT, α = 0.05).  Similarly, mean snout vent length for the 0.7 mg/L treatment 

group was significantly shorter than the vehicle control (ANOVA with Dunnett’s MRT, p 

= 0.01), but again this result seems to be anomalous with the rest of the data.  

Significant differences in mean snout-vent length were also observed among the 

treatment groups, but, overall, values do not appear to be dose dependent (ANOVA 

with Student-Newman-Keuls MRT, α = 0.05).  None of the mean hind limb lengths were 

significantly different from the vehicle control (ANOVA with Dunnett’s MRT, p = 0.12) 

nor were any of the treatment groups significantly different from each other (ANOVA 

with Student-Newman-Keuls MRT, α = 0.05).  In addition, all of the tadpoles in the study 

were at approximately the same Nieuwkoop-Faber developmental stage after seven 

days exposure.  None of the mean developmental stages were significantly different 

from the vehicle control (ANOVA with Dunnett’s MRT, p = 0.54) nor were any of the 

treatment groups different from each other (ANOVA with Student-Newman-Keuls MRT, 

α = 0.05).  See Table 13 for more detailed information. 

After 32 days exposure, the remainder of the tadpoles were removed from each 

tank, weighed, measured and staged.  Although differences were observed among 

treatment groups (Kruskall-Wallis with Student-Newman-Keuls MRT on ranked data, α 

= 0.05), none of the values for mean wet weight were significantly different than the 

vehicle control (Kruskall-Wallis with Dunnett’s MRT on ranked data, p = 0.05).  Similarly, 

mean snout vent length were not significantly different from the vehicle control (ANOVA 

with Dunnett’s MRT, p = 0.52), nor were any of the treatment groups significantly 

different from each other (ANOVA with Student-Newman-Keuls MRT, α = 0.05).  None 
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of the mean hind limb lengths were significantly different from the vehicle control 

(Kruskall-Wallis with Dunnett’s MRT on ranked data, p = 0.43) nor were any of the 

treatment groups significantly different from each other (Kruskall-Wallis with Student-

Newman-Keuls MRT on ranked data, α = 0.05).  After 32 days exposure, only the 

highest concentration (70.0 mg/L) treatment group was at a more advanced Nieuwkoop-

Faber developmental stage compared to the vehicle control (Kruskall-Wallis with 

Dunnett’s MRT on ranked data, p < 0.0001).  Differences in developmental stage were 

also observed among treatment groups (Kruskall-Wallis with Student-Newman-Keuls 

MRT on ranked data, α = 0.05).  Table 14 contains more detailed information. 

 



Table 13.  Results of the hind limb development study exposing X. laevis tadpoles to environmentally relevant 
concentrations of triclosan – 7 days exposure 

Treatment 
(mg/L) 

Mean Wet Weight1 
mg 

 
(Std. Dev.) 

%CV2 

Mean Snout-Vent
Length1 

cm 
(Std. Dev.) 

%CV2 

Mean Hind Limb Length1 
mm 

 
(Std. Dev.) 

%CV2 

Mean Developmental 
Stage1 

 
(Std. Dev.) 

%CV2 
Veh. Ctrl. 244.75AB 

(±77.54) 
31.7 

1.39A 
(±0.23) 

16.1 

1.68A 
(±0.46) 

27.5 

53A 
(±1.15) 

2.2 
0.07 210.61AB 

(±76.33) 
36.2 

1.25AB 
(±0.18) 

14.7 

1.47A 
(±0.34) 

23.2 

52.6A 
(±0.84) 

1.6 
0.7 155.38*B 

(±52.77) 
34.0 

1.11*B 
(±0.15) 

13.8 

1.29A 
(±0.43) 

33.4 

52.4A 
(±1.07) 

2.0 
7.0 202.77AB 

(±87.36) 
43.1 

1.24AB 
(±0.20) 

16.3 

1.27A 
(±0.55) 

43.3 

52.7A 
(±1.06) 

2.0 
70.0 268.68A 

(±90.40) 
33.6 

1.37A 
(±0.19) 

13.6 

1.68A 
(0.47) 
28.3 

53.1A 
(±0.99) 

1.9 
1*Denotes treatment values that are significantly different than the vehicle controls, ANOVA with Dunnetts MRT, α = 0.05.  
Means with the same letters are not significantly different from each other, ANOVA with Student-Newman-Keuls MRT, α = 
0.05 [46]. 
2%CV = coefficient of variation in percent 
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Table 14.  Results of the hind limb development study exposing X. laevis tadpoles to environmentally relevant 
concentrations of triclosan – 32 days exposure 

Treatment 
(mg/L) 

Mean Wet Weight1 
mg 

 
(Std. Dev.) 

%CV3 

Mean Snout-Vent
Length2 

cm 
(Std. Dev.) 

%CV3 

Mean Hind Limb Length1 
mm 

 
(Std. Dev.) 

%CV3 

Mean Developmental 
Stage1 

 
(Std. Dev.) 

%CV3 
Veh. Ctrl. 353.75AB 

(±151.72) 
42.9 

1.53A 
(±0.28) 

18.6 

2.50A 
(±1.78) 

71.3 

55.2AB 
(±3.11) 

5.6 
0.07 368.80AB 

(±130.48) 
35.4 

1.54A 
(±0.24) 

15.4 

3.07A 
(±2.17) 

70.7 

56.7A 
(±4.27) 

7.5 
0.7 320.35B 

(±132.34) 
41.3 

1.45A 
(±0.19) 

13.0 

2.36A 
(±1.16) 

49.0 

55AB 
(±2.58) 

4.7 
7.0 357.34AB 

(±215.68) 
60.4 

1.54A 
(±0.32) 

20.6 

2.82A 
(±2.07) 

73.4 

54.33B 
(±2.40) 

4.4 
70.0 411.77A 

(±120.21) 
29.2 

1.47A 
(±0.17) 

11.5 

2.20A 
(±1.50) 

68.2 

59.48*C 
(±4.33) 

7.3 
1*Denotes treatment values that are significantly different than the vehicle controls, Kruskall Wallis with Dunnetts MRT on 
ranked data, α = 0.05.  Means with the same letters are not significantly different from each other, Kruskall Wallis with 
Student-Newman-Keuls MRT on ranked data, α = 0.05 [46]. 
2**Denotes treatment values that are significantly different than the vehicle controls, ANOVA with Dunnetts MRT, α = 0.05.  
Means with the same letters are not significantly different from each other, ANOVA with Student-Newman-Keuls MRT, α = 
0.05 [46]. 
3%CV = coefficient of variation in percent 



Tail Resorption Study 

The tail resorption study was conducted in general accordance with the methods 

developed by Fort and Stover [35, 36, 38, 100].  In general, the rate of tail resorption is 

monitored from NF stage 58 or 60 through stage 66 or approximately 14 days.  For this 

study, enough tadpoles at the same NF stage could not be found from a single clutch 

because tadpoles were developing at a variety of rates.  The larvae were reared in 

dechlorinated tap water and fed daily as noted in the hind limb study until they reached 

NF stages 54-56.  At this point, tadpoles were randomly placed into the flow-thru system 

so that each tank contained the same number of tadpoles at each stage (2 at stage 54, 

6 at stage 55 and 2 at stage 56) using pre-generated random number tables [29].  The 

tadpoles were allowed to acclimate and continue growing for another three weeks.  One 

day prior to test initiation, tadpoles too old to start the test were removed and replaced 

with tadpoles from a reserve tank that were about the same stage as those in the 

treatment tanks.  When the test begun, 10 out of the 12 tanks had one tadpole that had 

reached NF stage 58 to 60.  The remainder of the tadpoles were NF stage 55 to 57.  

Each 21-liter glass aquaria contained 10 tadpoles.   

The aquaria contained the same triclosan treatments as the time-to-

metamorphosis and hind limb development studies (0.07 ppb, 0.7 ppb, 7.0 ppb, 70.0 

ppb, negative control, vehicle control).  There were two replicate tanks for each 

treatment for a total of 12 tanks.  Because the tadpoles were bigger at test initiation than 

in the time-to-metamorphosis study, each aquarium contained six liters of test solution 

from the beginning of the study.  The test solutions were prepared in dechlorinated tap 

water, which also served as the negative control.  The experiment was conducted as a 
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flow-thru study and the treatments were delivered to the aquaria via a Masterflex® L/S 

cartridge pump head system(Cole Parmer Instrument Company, model 7519-15) and 

syringe pump (Harvard Apparatus, PHD 2000 Infusion).   The desired flow rate was 20 

mLs per minute.  Actual flow rates typically ranged from 15 to 20 mLs per minute, which 

is slightly lower than observed previously and probably due to the aging of the 

cartridges in the pump.  Test materials in the syringes were prepared at concentrations 

6000 times greater than the desired concentrations to achieve the required 

concentration for each tank.  With a flow rate of approximately 20 mLs per minute, the 

infusion rate was set at 3.3 µL per minute, which yielded the desired concentrations in 

the aquaria.  The vehicle control was 100% DMSO in the syringe or approximately 

0.02% in the aquaria.  The syringes were re-filled as necessary, about every six days.  

Each tank of larvae was fed 30 mLs of 6 g/L blended tadpole mash purchased 

commercially from Xenopus I, twice daily (once daily on weekends).  Mortality was 

checked daily and dead tadpoles were removed and tallied. 

On the first day of the study, each tank was photographed and the tail length of 

each tadpole was measured from the photograph using Axiovision® 4.7.2 [34] digitizing 

software.  Tanks were photographed and tail lengths were measured every fifth test day 

thereafter until the end of the study (test day 5, 10, 15, 20, 25, and 30).  At test day 15, 

most of the tadpoles had not yet reached NF stage 66 so the test was continued for 

another two weeks.  The test was terminated after 30 days of exposure.  After 30 days, 

eight out of 10 tadpoles in both vehicle control tanks had reached NF stage 66 

(complete tail resorption). 
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Basic water chemistry measurements were taken throughout the study from 

samples obtained directly from the aquaria.  Each tank was sampled at least once 

during the course of the study.  The pHs of the test solutions were between 7.3 and 8.1; 

water temperature ranged from 21.0 to 23.0ºC; alkalinity ranged from 90 to 107.5 mg/L 

as CaCO3; hardness ranged from 90 to 114 mg/L as CaCO3; conductivity ranged from 

311 to 324 µS/cm; and dissolved oxygen ranged from 5.6 to 8.6 mg/L.  See Table B-7 

for a full list of water chemistry measurements.  In addition, nitrates, ammonia and 

iodine levels were checked using semi-quantitative tests, which gave concentration 

ranges but not specific values for each parameter.  For nitrates (Tetratest®, Blacksburg, 

VA) five of the samples read zero and the remaining seven samples were in the 0 – 

12.5 mg/L range.  For total ammonia (Tetratest®, Blacksburg, VA), ten samples read 0 

mg/L and two samples read 0 – 0.25 mg/L.  All of the iodine samples (Hach 

Permachem® Reagent, Loveland, CO) were in the 0 – 0.5 mg/L range.    See Table B-8 

for a full list of semi-quantitative measurements.  Light measurements were not taken 

for this study; however, this experiment had the same set-up as the time-to-

metamorphosis study and would have similar light readings (see Table D-1).  

 

Results of Tail Resorption Study 

During the 30-day exposure period for the tail resorption study, only four tadpoles 

died.  The deaths were sporadic and do not appear to be dose related.  In addition, 

average tail length in the treatments were not significantly different from average tail 

length in the vehicle control at any time point (Kruskall-Wallis with Dunnett’s MRT on 

ranked data, α = 0.05).  Table 15 contains more detailed information.  



Table 15.  Results of the tail resorption study exposing X. laevis tadpoles to 
environmentally relevant concentrations of triclosan 

 
Treatment 

mg/L 

Mean Tail Length1 
cm 

(Std. Dev.) 
%CV2 

Test 
Day 1 

Test 
Day 5 

Test 
Day 10 

Test 
Day 15 

Test 
Day 20 

Test 
Day 25 

Test 
Day 30 

Veh. Ctrl. 2.25 
(±0.43) 

18.3 

2.50 
(±0.38) 

15.3 

2.77 
(±0.77) 

27.6 

2.10 
(±1.11) 

52.9 

1.17 
(±1.26) 

108 

0.63 
(±1.07) 

170 

0.24 
(±0.58) 

244 
0.07 2.45 

(±0.68) 
27.6 

2.39 
(±0.67) 

27.9 

2.57 
(±0.79) 

30.8 

2.32 
(±1.21) 

52.1 

1.93 
(±1.51) 

78.4 

0.84 
(±1.18) 

139 

0.20 
(±0.64) 

320 
0.7 2.33 

(±0.68) 
29.1 

2.30 
(±0.68) 

29.6 

2.23 
(±0.90) 

40.3 

2.10 
(±1.26) 

59.9 

1.23 
(±1.34) 

109 

0.54 
(±1.10) 

203 

0.07 
(±0.12) 

172 
7.0 2.45 

(±0.69) 
28.2 

2.47 
(±0.70) 

28.2 

2.49 
(±0.72) 

29.2 

1.81 
(±1.12) 

61.9 

1.56 
(±1.56) 

100 

0.94 
(±1.35) 

143 

0.36 
(±0.76) 

212 
70.0 2.23 

(±0.68) 
30.8 

2.30 
(±0.72) 

31.2 

2.34 
(±0.86) 

36.7 

2.34 
(±1.04) 

44.4 

1.28 
(±1.39) 

108 

0.75 
(±1.12) 

150 

0.56 
(±0.97) 

172 
1None of the treatment values are significantly different than the vehicle controls, 
Kruskall Wallis with Dunnetts MRT on ranked data, α = 0.05 [46]. 
2%CV = coefficient of variation in percent 
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PARTITIONING STUDY - TRICLOCARBAN 

 A partitioning study was conducted to determine how triclocarban would 

compartmentalize under the conditions of a typical experiment.  This information was 

then used to predict the most likely route of uptake of the test material to the frogs.  The 

study was a 96-hour static renewal experiment consisting of three treatments, a 

negative control and a solvent control.  All test materials were prepared in FETAX 

solution.  Each treatment and control consisted of two replicate 500 mL beakers 

containing 500 mL of test solution and 10 4-week ± 3 days old randomly placed 

Xenopus tadpoles.  Test solutions were renewed daily.  Mortality in the beakers was 

checked and tallied during renewal, and dead tadpoles were removed.  Tadpoles in 

Treatment 1 were exposed to 0.04 mg/L triclocarban.  Each beaker of tadpoles was fed 

three mLs of blended tadpole mash (6 g/L) and allowed to feed for four hours before the 

test solution was renewed.  Feeding and renewal took place in the same beaker 

throughout the exposure period.  Treatment 1 represented exposure from both food and 

water.  Tadpoles in Treatment 2 were exposed to 0.04 mg/L triclocarban.  However, the 

tadpoles were moved to a clean beaker of FETAX solution for feeding.  Each beaker of 

tadpoles was fed three mLs of blended tadpole mash (6 g/L) and allowed to feed for 

four hours.  Test solutions were renewed in a clean beaker.  Treatment 2 represents 

exposure from water only.  Tadpoles in Treatment 3 were also exposed to 0.04 mg/L 

triclocarban and were fed three mLs of blended tadpole mash (6 g/L) in the original 

beaker daily.  The tadpoles were then moved to a clean beaker containing FETAX 

solution only so that feces could be collected.  For the first day of the study, the 

tadpoles in Treatment 3 were allowed to feed for four hours prior to being moved to a 
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clean beaker.  This feeding period was too long and the tadpoles had already excreted 

much of their food prior to being moved to a clean beaker.  In order to collect more 

feces on the first study day, the tadpoles were kept in FETAX solution overnight and 

feces were collected the next day.  Day one for Treatment 3 consisted of a 24-hr 

exposure to triclocarban in water with a 4-hr feeding period.  On the second test day, 

the tadpoles were place back in the test solution and allowed to feed for only one hour 

before being returned to a clean beaker of FETAX solution.  Therefore, day two for 

Treatment 3 consisted of a 1-hr exposure to triclocarban in water with a 1-hr feeding 

period.  The tadpoles were placed back into solution after the one hour exposure period.  

For test days three and four, the Treatment 3 tadpoles were exposed to triclocarban in 

the water for 24-hrs and had a 1-hr feeding period.   The negative control for this 

experiment was FETAX solution only and the vehicle control consisted of 0.25% DMSO 

in FETAX solution.  The controls were fed three mLs of blended tadpole mash (6 g/L) 

daily and solutions were renewed every 24 hours.   

Basic water chemistry measurements were not taken on the test solutions used 

in the partitioning study.  However, as noted previously, basic measurements were 

made on each batch of dilution water (FETAX solution) prepared (see Table B-2).  In 

addition, because test solutions were made fresh daily for this study, the pH of the stock 

solution, high concentration and negative control were measured at every renewal.  See 

Table C-1 for a complete list of pH’s measured for the partitioning study.  In order to 

determine if exposure was primarily from water or food, tissue samples from each 

treatment were analyzed.  The tissue samples were prepared using the same method 

described above for the triclocarban bioaccumulations studies. 
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Results 

 No tadpoles died in any of the treatments or controls during the 96-hr exposure 

period of the triclocarban partitioning study.  In addition, none of the three exposure 

regimes used for Treatment 3 yielded significantly different means of triclocarban in the 

feces (ANOVA with Student-Newman-Keuls, p = 0.39).  The first regime exposed 

tadpoles to 0.04 mg/L triclocarban for 24 hours with a four hour feeding period.  This 

feeding period was too long and the tadpoles had already excreted much of their food 

prior to being moved to a clean beaker.  Because of the long feeding period, the feces 

collected only contained an average of 0.02 mg/L triclocarban, which is about half of the 

exposure concentration (BAF = 0.48).  Most likely, the bulk of accumulated triclocarban 

had already been excreted during the four hour feeding period.  This assumption is 

based on the results of the other two exposure regimes for Treatment 3.  The second 

exposure regime exposed tadpoles to 0.04 mg/L triclocarban for only one hour with a 

one hour feeding period.  After only one hour of exposure, the feces collected already 

contained an average of 0.04 mg/L triclocarban or about the same as the exposure 

concentration (BAF = 0.93).  The third exposure regime exposed tadpoles to 0.04 mg/L 

triclocarban for 24 hours with a one hour feeding period.  The average amount of 

triclocarban found in the feces was 0.10 mg/L (BAF = 2.56).  Table 16 contains more 

detailed information. 

 In addition to analyzing feces, whole body tissues from each treatment and the 

vehicle control were also analyzed for triclocarban accumulation.  Based on wet tissue 

weight, all three treatment groups accumulated significantly more triclocarban than the 

vehicle controls (ANOVA with Dunnett’s MRT, p < 0.0001).  In addition, each treatment 
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group was significantly different from each other (ANOVA with Student-Newman-Keuls 

MRT, α = 0.05).  Both Treatment 1 and Treatment 3, which represent exposure from 

water and food, had significantly more triclocarban than Treatment 2, which represents 

exposure from water only (ANOVA with Student-Newman-Keuls MRT, α = 0.05).  

Treatment 1 and Treatment 3 also had higher bioaccumulation factors (BAF = 18 and 

26, respectively) compared to Treatment 2 (BAF = 12).   

Based on lipid weight, all three treatment groups accumulated significantly more 

triclocarban than the vehicle controls (ANOVA with Dunnett’s MRT, p < 0.0001).  In 

addition, Treatment 1 and Treatment 3, which represent exposure from water and food, 

had significantly more triclocarban than Treatment 2, which represents exposure from 

water only (ANOVA with Student-Newman-Keuls MRT, α = 0.05).    Treatment 1 and 

Treatment 3 also had higher bioaccumulation factors (BAF = 1158 and 1321, 

respectively) compared to Treatment 2 (BAF = 622).  Table 17 contains more detailed 

information. 

105 

 



Table 16.  Results of the triclocarban partitioning study:  feces samples collected from 
4-week X. laevis tadpoles exposed to 0.04 mg/L triclocarban 

Sample ID Measured Conc. of 
TCC in Feces 

mg/L 

Treatment Average1 
mg/L 

(±Std. Dev.) 
%CV3 

BAF2 

3/11/09, Feces sample 
24 hr water & 4 hr food exp. 

0.0348 0.0190A 
(0.0223) 
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0.48 

3/11/09, Feces sample 
24 hr water & 4 hr food exp. 

0.0032 

3/11/09, Feces sample 
1 hr water & 1 hr food exp. 

0.0469 0.0374A 
(0.0134) 

35.9 

 
0.93 

3/11/09, Feces sample 
1 hr water & 1 hr food exp. 

0.0279 

3/12/09, Feces sample 
24 hr water & 1 hr food exp. 

0.0287  
 

0.1023A 
(0.0896) 

87.6 

 
 
 

2.56 
3/12/09, Feces sample 

24 hr water & 1 hr food exp. 
0.1146 

3/13/09, Feces sample 
24 hr water & 1 hr food exp. 

0.2242 

3/13/09, Feces sample 
24 hr water & 1 hr food exp. 

0.0417 

Analytical Chemistry Quality Control Data 
Controls Expected Conc. 

pg/µL 
Actual Conc. 

pg/µL 
% 

Recovery 
Blank 0 58.1 NA 

Blank Spike 100 84.8 84.8 
Matrix Spike 1 100 108.8 108.8 
Matrix Spike 2 100 108.1 108.1 

1Means with the same letters are not significantly different from each other, ANOVA with 
Student-Newman-Keuls MRT, α = 0.05 [46]. 
2Bioaccumulation Factor based on comparing amount of TCC in feces to the exposure 
concentration 
3%CV = coefficient of variation in percent 
All feces samples were concentrated 10X prior to analysis.  
NA = not applicable. 
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Table 17.  Results of the triclocarban partitioning study:  bioaccumulation in 4-week X. 
laevis tadpoles exposed to 0.04 mg/L triclocarban for 96 hours 

Treatment 
 

Body Burden 
Based on Wet Tissue 

Weight 

Body Burden 
Based on Lipid Weight 

Mean2 
Accumulation 

mg/L 
(Std. Dev.) 

%CV4 

BAF1 Mean 2 
Accumulation 

mg/L 
(Std. Dev.) 

%CV4 

BAF1 

Vehicle Ctrl. 
No TCC exposure 

0.0009A 
(±0.0088) 

1036 

NA 0.07A 
(±0.52) 

768 

NA 

T1 
TCC Exposure from 

Food and Water 

0.71*B 
(±0.18) 

25.8 

18 46.31*B 
(±9.26) 

20.0 

1158 

T2 
TCC Exposure from 

Water Only 

0.46*C 
(±0.06) 

14.2 

12 24.88*C 
(±6.06) 

24.4 

622 

T33 
TCC Exposure From 

Food and Water 

1.03*D 
(±0.17) 

16.4 

26 52.82*B 
(±6.11) 

11.6 

1321 

Analytical Chemistry Quality Control Data 
Controls Expected Conc. 

pg/µL 
Actual Conc. 

pg/µL 
% Recovery 

Blank 0 -9.7 NA 
Blank Spike 100 89.9 89.9 

Matrix Spike 1 100 90.8 90.8 
Matrix Spike 2 100 113.8 113.8 
1BAF = Bioaccumulation Factor 
2*Denotes values that are significantly different than the vehicle control, ANOVA with 
Dunnett’s MRT, α = 0.05.   Means with the same letters are not significantly different 
from each other, ANOVA with Student-Newman-Keuls MRT, α = 0.05 [46]. 
3Variable food exposure to maximize feces collection – see methods section for details. 
4%CV = coefficient of variation in percent 
NA = not applicable. 
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DISCUSSION 

Before discussing the results of the studies presented, it should be noted that the 

X. laevis tadpoles used in the studies did not all develop at the same rate as outlined by 

Nieuwkoop and Faber in their normal table of development [32].  Although tadpoles 

appeared to develop normally for the first 46 stages (approximately 106 hours old), 

subsequent development was more erratic, with some individuals developing at much 

faster or slower rates than others.  For example, by eight weeks, most tadpoles should 

have reached stage 66 (complete metamorphosis), but the tadpoles used in the 8-week 

bioaccumulation studies were all pre-metamorphosis and varied greatly in 

developmental stage.  The same is true for the 4-week bioaccumulation studies.  At four 

weeks old, most of the tadpoles should be between stages 54 and 55 in development, 

but in actuality, the tadpoles used encompassed a wide range of developmental stages, 

with some individuals being more or less developed than a typical stage 54/55 tadpole.  

Despite the inconsistent development of the tadpoles, the average time for vehicle 

controls in the time-to-metamorphosis study to reach stage 66 (complete 

metamorphosis) was 56.7 days, which is similar to the ± 58 days listed in the normal 

table [32].  Therefore, when discussing the results, if a study was based on tadpole age, 

such as the bioaccumulation studies, the reader should not assume the animals were at 

the same developmental stage but rather allow that any stage referred to represents a 

“typical” tadpole of that age.  However, if the study was based on developmental stage, 

such as the hind limb development and tail resorption studies, then the reader can 

assume that the tadpoles used were selected based on developmental stage. 
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Triclosan 

 For triclosan, the average 96-hour LC50 value for 0-week age tadpoles was 0.84 

mg/L, following the FETAX assay guidelines.  This value is similar to the 0.82 mg/L LC50 

value reported in the literature for the same age group [85].  Interestingly, older tadpoles 

appear to be more sensitive to triclosan with average 96-hour LC50 values of 0.22 mg/L 

(4-week age group) and 0.46 mg/L (8-week age group).  The observed lower sensitivity 

may be due to the fact that the 0-week age group’s exposure comes from water only.  

These tadpoles were not fed because they still receive their required nutrition from the 

yolk sac.  X. laevis tadpoles do not actively feed until they are about 106 hours old (NF 

stage 46) or about the time the 0-week study is concluding.  On the other hand, the 4 

and 8-week age tadpoles were fed daily throughout the 96-hour exposure, so the 

group’s exposure came from both water and food.  Triclosan quickly sorbs to organic 

particles, making the food a potent route of exposure.  In addition, the 8-week old 

tadpoles were less sensitive to triclosan than the 4-week old tadpoles, probably 

because they are larger in size with a better developed alimentary canal.   

All of the LC50 values presented above are orders of magnitude higher than 

triclosan concentrations typically found in surface waters (low ppb range).  Further, data 

from longer term triclosan exposures at environmentally relevant concentrations (0.07 – 

70 ppb), as reported in this dissertation, show that the observed mortality was sporadic 

and not dose-dependent, indicating that environmentally relevant concentrations of 

triclosan are not lethal to X. laevis at any age prior to metamorphosis.   

Following the FETAX guidelines, observed malformations of morphological 

features such as the heart, gut, eyes, and skeletal system in the 0-week age group were 
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sporadic and not dose dependent.  The only observed effect of triclosan on 0-week 

tadpoles was stunted growth, with a significant reduction in length occurring in the 0.5 

mg/L treatment group.  However, this concentration is still well above concentrations 

found in surface waters.  In addition, malformations and changes in swimming observed 

during the longer term studies at environmentally relevant concentrations were also 

sporadic and not dose dependent.  Taken in conjunction with the mortality data, 

triclosan has low teratogenic potential, especially at environmentally relevant 

concentrations, and does not appear to affect the swimming of X. laevis. 

Triclosan does accumulate in the tissues of X. laevis.  Contrary to conclusions 

made based on mortality data alone, bioaccumulation studies show that the youngest 

tadpoles tested (0-week age group) were the most sensitive to triclosan with an LD50 

value of 6.43 mg/L wet weight or 21.47 mg/L lipid weight.  The 4- and 8-week old 

tadpoles had average LD50 values of 232.9 mg/L and 69.39 mg/L wet weight, 

respectively or 3278 mg/L and 5084 mg/L lipid weight, respectively.  The older tadpoles 

accumulated more triclosan than the 0-week tadpoles at low exposure concentrations 

(hence the lower LC50 values) because their exposure came from both water and food.  

In general, the results show that accumulation in X. laevis is dose dependent and that 

older tadpoles are less sensitive to triclosan than younger tadpoles.    Again, older 

tadpoles are probably less sensitive because of their larger size and more developed 

morphological features.  Average bioaccumulation factors based on wet weight for 0-, 4- 

and 8-week old X. laevis tadpoles are 23.6x, 1350x and 143x, respectively.  Average 

bioaccumulation factors based on lipid weight for 0-, 4- and 8-week old X. laevis 

tadpoles are 83.5x, 19792x and 8548x, respectively.  All of the studies presented 
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utilized exposure concentrations much higher than environmentally relevant 

concentrations so that an LD50 could be calculated.  However, regardless of the 

exposure concentrations, triclosan accumulates in X. laevis tadpoles, which means that 

the compound can enter food chains and has the potential to bioaccumulate through 

trophic levels.   

The third set of studies presented in this dissertation, examine the effects of 

triclosan on X. laevis metamorphosis.  Metamorphosis in this species has been well 

studied and is controlled by thyroid hormone (TH).  “Three primary morphological 

changes occur during metamorphosis:  (1) resorption or regression of tissue or organ 

systems that have primary function only in the larval life stage; (2) the remodeling of 

larval organ systems to their adult form, which are suitable only for the adult; and (3) de 

novo development of tissues in the adult that are not required by the larvae” [98, 41].  

Metamorphosis is divided into three phases.  Premetamorphosis (NF stages 46-53) is 

characterized by development that takes place without endogenous thyroid hormone.  

For prometamorphosis (NF stages 54-61), anuran growth and development is 

accompanied by increasing levels of thyroid hormone.  Metamorphic climax (NF stage 

62) is marked by a surge of thyroid hormone that initiates “the final processes 

associated with metamorphosis, including forelimb development and resorption of the 

tail.  Drastic internal transformations at the organ system, tissue, and biochemical levels 

are also taking place during prometamorphosis and metamorphic climax” [98, 41].   

During metamorphosis, both limb growth/differentiation and tail resorption are mediated 

by thyroid hormone regulated genes.  The organs have a unique response to the 

hormone.  Both consist of skin, muscle, cartilage and nerve, but the thyroid hormone 
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induces the limbs to grow and the tail to resorb [31].  Limb growth and differentiation is a 

good example of de novo development in X. laevis.  “Hind limb buds are first visible in 

X. laevis at stage 46 and continue to grossly develop until stage 54 without the 

assistance of TH.  However, between stages 54 and 58, plasma TH levels rise and 

induce the differentiation of the limb bud cells allowing morphogenesis to form the 

specific features of the hind limb and toes.  The forelimb develops in a similar pattern, 

with the undifferentiated limb bud developing without endogenous TH” [41].  

Conversely, the tail is completely degenerated during metamorphosis [41] with all of its 

tissues, including epidermis, connective tissue, muscular tissue, blood vessels and the 

notochord, being resorbed [30].  Typically, tail resorption begins around NF stage 62 

(metamorphic climax) and ends around NF stage 65 to 66 “with the complete 

disintegration of the tail fin” [41].  Because amphibian metamorphosis is thyroid 

hormone dependent, bioassays using tadpoles do well in identifying thyroid function 

interference by environmental contaminants [41].   

In order to assess the effects of endocrine disrupting compounds (EDCs) on X. 
laevis metamorphosis, an understanding of how the chemicals affect the thyroid 
axis is needed.  EDCs could potentially affect the thyroid axis at six levels:  (1) 
CNS (including hypothalamus), (2) pituitary, (3) thyroid, (4) TH transport, (5) TH 
elimination (metabolism), and (6) TR.  Specific modes of actions of thyroid axis 
disruptors could potentially include alteration of TH synthesis, TH transport, TH 
elimination, neuroendocrine axis regulation, and TR expression and/or function. 
…. In addition, other physical environmental factors such as temperature and 
water level (densities, resource declines, increased temperature, increased 
predator density, and changes in pH and dissolved oxygen) may also alter 
metamorphosis.  [41] 

 
Finally, other aspects of anuran physiology such as hormonal factors outside the thyroid 

axis (corticotropes), the liver (thyroid hormone homeostasis) and thyroid hormone 
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transport proteins must be considered when determining the affects of endocrine 

disrupting compounds on thyroid function and metamorphosis [98, 41]. 

The results of the time-to-metamorphosis study showed a significant increase in 

weight and snout-vent length at stage 66 (complete metamorphosis) in all exposure 

concentrations compared to the vehicle control.  In addition, exposed tadpoles, on 

average, metamorphosed significantly faster (about 10 days sooner) than non-exposed 

tadpoles.  In general, amphibian species exhibit phenotypic flexibility in their growth rate 

prior to metamorphosis.  This flexibility is an adaptive strategy for individuals living in 

unpredictable or stressful environments such as temporary pools, polluted water bodies, 

or habitats with limited resource availability, allowing them to successfully emerge and 

escape their larval aquatic environment [114].   The environmental stressors act as a 

cue for larvae to transition sooner and reach metamorphosis faster.  This early transition 

is often accompanied by smaller body size [115].  The advantage of metamorphosing 

sooner in unfavorable conditions is a lowered probability of mortality [39].  Conversely, if 

environmental conditions are favorable, individuals may delay development, usually 

growing larger, which enhances fitness and future reproductive success [39].  Although 

X. laevis adults are also aquatic, some Xenopus species have been observed to make 

short trips over land at night while others have made relatively long overland migrations 

[116].  For the time-to-metamorphosis study presented here, X. laevis tadpoles seem to 

have successfully mixed both developmental strategies:  the tadpoles metamorphosed 

sooner in response to triclosan exposure but were larger than the vehicle controls upon 

metamorphosis.  However, the increased rate of metamorphosis was not confirmed by 

the hind limb or tail resorption studies presented below.  The altered rate of 
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metamorphosis may be due to some physical factor or artifact of the test conditions and 

may not be biologically relevant. 

The results of the hind limb study exposing NF stage 50/51 tadpoles to triclosan 

for 32 days somewhat support the idea that the tadpoles were metamorphosing faster in 

response to triclosan exposure.  Although there was no significant difference in mean 

weight, snout-vent length, or hind limb length between the vehicle control and any of the 

exposure treatments, the highest treatment (70.0 ppb) was at a significantly more 

advanced developmental stage compared to the vehicle control after 32 days exposure.  

In addition, although not statistically significant, the 70.0 ppb treatment group weighed 

more compared to the vehicle controls but their average snout-vent length and hind limb 

length were smaller than the vehicle controls.  These results are similar to those 

reported by Fort et al. [98]. In a study exposing NF stage 51 larvae to environmentally 

relevant concentrations (0.6 to 32.3 ppb) of triclosan for 21 days, the researchers 

concluded that triclosan exposure “did not alter the rate or normalcy of metamorphosis” 

[98].  No significant differences in whole body length, snout-vent length, hind limb length 

or whole body weight were observed.  Further, although all of the treatments were at a 

slightly more advanced developmental stage at the end of the study compared to the 

control, “significant differences in developmental stages between the laboratory control 

and TCS treatments were not observed, no effects on thyroid histology were detected, 

and no changes in either thyroid gland or serum T4 levels were found” [98].   

The results of the tail resorption study exposing NF stage 55/57 tadpoles to 

environmentally relevant concentrations of triclosan for 30 days showed that average 

tail length in the treatments were not significantly different from average tail length in the 

114 

 



vehicle control at any time point.  Normally, to confirm mode of action, thyroid 

agonist/antagonist co-administration studies and biochemical analysis would be 

required to determine if observed effects are associated with thyroid disruption or some 

other mechanism of action [100].  For the present study, since no effects were 

observed, additional analyses were not required. 

Triclosan, at environmentally relevant concentrations, does not disrupt thyroid 

function and metamorphosis in regards to limb development and tail resorption.   Based 

on the studies presented here, triclosan may increase the rate of metamorphosis, in 

terms of developmental stage, as observed in the time-to-metamorphosis study and 

with the highest treatment in the hind limb study.  However, the increased rate of 

metamorphosis was not confirmed by hind limb development rates or tail resorption 

rates nor was the increased rate confirmed in a similar study by Fort et al. [98]. 

Biochemical analyses would be needed to confirm that the increased rate of 

metamorphosis was due to thyroid disruption.  The altered rate of metamorphosis may 

be due to some physical factor or artifact of the test conditions and may not be 

biologically relevant.   

 

Triclocarban 

 For triclocarban, the 96-hour LC50 value for 0-week age tadpoles was 4.22 mg/L, 

following the FETAX assay guidelines.  Similar to triclosan, older tadpoles appear to be 

more sensitive to triclocarban with average 96-hour LC50 values of 0.066 mg/L (4-week 

age group) and 0.13 mg/L (8-week age group).  The observed lower sensitivity may be 

due to the fact that the 0-week age group’s exposure comes from water only.  These 
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tadpoles were not fed because they still receive nutrition from the yolk sac.  X. laevis 

tadpoles do not require feeding until they are about 106 hours old (NF stage 46) or 

about the time the 0-week study is concluding.  On the other hand, the 4- and 8-week 

age tadpoles were fed daily throughout the 96-hour exposure, so the group’s exposure 

came from water and food.  Triclocarban quickly sorbs to organic particles, making the 

food a potent route of exposure.  In addition, the 8-week old tadpoles were less 

sensitive to triclocarban than the 4-week old tadpoles, probably because they are larger 

in size with a better developed alimentary canal.   

All of the LC50 values presented above are orders of magnitude higher than 

triclocarban concentrations typically found in surface waters (low ppb range).  Although 

studies were not conducted with triclocarban at environmentally relevant concentrations, 

the data presented above indicates that environmentally relevant concentrations of 

triclocarban would not be lethal to X. laevis at any age prior to metamorphosis.   

Following the FETAX guidelines, malformations of morphological features such 

as the heart, gut, eyes, and skeletal system were scored for each treatment in the 0-

week age group.  The calculated EC50 value for triclocarban was 3.06 mg/L.  In addition, 

malformations throughout the test appear dose dependent with malformation rates in 

the highest two surviving treatment groups being significantly greater than the vehicle 

control.  The predominant malformation observed was a loose coiling of the gut and 

other gut abnormalities followed by the presence of hemorrhages.  Other typical 

malformations included bent notochords and abnormal eye formation in which one eye 

was larger in size than the other.  Further, the tadpoles in all of the treatment groups 
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were significantly stunted compared to the vehicle controls.  Therefore, based on the 

concentrations tested, the MCIG for triclocarban was 1.0 mg/L.   

Both the EC50 value and the MCIG obtained during this study are well above 

concentrations found in surface waters, indicating that triclocarban would have low 

teratogenic potential at environmentally relevant concentrations.  In addition, the lowest 

concentration (1.0 mg/L) had only a 5% malformation rate (10% is allowed in the 

controls based on FETAX guidelines), which implies that the observed malformations 

would most likely not occur in tadpoles exposed to environmentally relevant 

concentrations of triclocarban.   

Triclocarban does accumulate in the tissues of X. laevis.  Bioaccumulation 

studies confirm that the youngest tadpoles tested (0-week age group) were less 

sensitive to triclocarban than the 4-week old tadpoles, with an LD50 value of 92.32 mg/L 

wet weight or 470.2 mg/L lipid weight compared to an average LD50 value of 24.16 mg/L 

wet weight or 144.3 mg/L lipid weight for 4-week tadpoles.  Comparisons between the 

0-week and 8-week old tadpoles are not as clear.  Based on wet weight, the 8-week old 

tadpoles appear more sensitive with an average LD50 value of 73.86 mg/L.  However, 

lipid weight comparisons show that 8-week tadpoles are less sensitive than 0- week 

tadpoles with an average LD50 value of 1904 mg/L.  The 8-week tadpoles were less 

sensitive to triclocarban than the 4-week tadpoles, probably due to larger body sized 

and more developed morphological features, such as the alimentary canal.  In general, 

results clearly show that accumulation in X. laevis is dose dependent and that older 

tadpoles accumulate more triclocarban than younger tadpoles, based on 

bioaccumulation factors.    Average bioaccumulation factors based on wet weight for 0-, 

117 

 



4- and 8-week old X. laevis tadpoles are 23.4x, 1156x and 1310x, respectively.  

Average bioaccumulation factors based on lipid weight for 0-, 4- and 8-week old X. 

laevis tadpoles are 101x, 8639x and 20942x, respectively.  Older tadpoles accumulate 

far more triclocarban per tissue/lipid weight than 0-week age tadpoles, probably 

because their exposure is from both food and water.  All of the studies presented for 

triclocarban utilized exposure concentrations much higher than environmentally relevant 

concentrations so that an LD50 could be calculated.  However, regardless of the 

exposure concentrations used, it is evident that triclocarban accumulates in X. laevis 

tadpoles, which means that the compound can enter food chains and has the potential 

to accumulate through trophic levels.   
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CONCLUSIONS 

The focus of this research was to (1) evaluate the developmental toxicity of 

triclosan and triclocarban to the South African clawed frog, Xenopus laevis, (2) to 

assess the ability of triclosan and triclocarban to bioaccumulate in Xenopus laevis at 

three different life stages, and (3) to evaluate the ability of triclosan to act as an 

endocrine disruptor.    To answer the first objective, at environmentally relevant 

concentrations, neither triclosan nor triclocarban were lethal to X. laevis at any age prior 

to metamorphosis.  In addition, both compounds have a low teratogenic potential and 

triclosan does not appear to affect swimming in X. laevis.  Exposure to relatively high 

doses of both compounds resulted in a stunting of growth, which would most likely not 

be evident at environmentally relevant concentrations.  For the second objection, both 

triclosan and triclocarban accumulated in X. laevis tadpoles, which means that the 

compound can enter food chains and has the potential to bioaccumulate through trophic 

levels.  For the third objective, triclosan, at environmentally relevant concentrations, 

does not disrupt thyroid function and metamorphosis in regards to limb development 

and tail resorption.   Based on the studies presented here, triclosan may increase the 

rate of metamorphosis, in terms of developmental stage, as observed in the time-to-

metamorphosis study and with the highest treatment in the hind limb study.  However, 

the increased rate of metamorphosis was not confirmed by hind limb development rates 

or tail resorption rates.  The altered rate of metamorphosis may be due to some 

physical factor or artifact of the test conditions and may not be biologically relevant.  

Biochemical analyses would be needed to confirm an effect on thyroid function. 
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The research presented in this dissertation has advanced our knowledge of the 

effects of triclosan and triclocarban on Xenopus laevis in several ways.  Although some 

preliminary work has been done, the FETAX assays presented as part of this research 

clearly demonstrate that triclosan and triclocarban are not developmental toxicants at 

environmentally relevant concentrations.  However, this research showed that both 

compounds accumulate in the tissues of the frogs, and therefore, have the potential to 

enter food chains.  The results for triclosan’s potential to act as an endocrine disruptor 

are a little more mixed.  Triclosan does not appear to disrupt thyroid function in Xenopus 

laevis in terms of hind limb development and tail resorption.  However, there is some 

indication that triclosan may increase the rate of metamorphosis in the frogs, in terms of 

developmental stage, which has not been previously observed in other studies.   

Future bioaccumulation work with triclosan and triclocarban in Xenopus laevis 

should focus on exposures at environmentally relevant concentrations as well as 

accumulation in post-metamorphic frogs and its effect on reproduction.  In addition, 

there is a need to study accumulation in food chains and the effects of chronic exposure 

at the community level.   

Although some preliminary research has been done with triclosan and Xenopus 

laevis metamorphosis, none has been done to assess the potential for triclocarban to 

act as an endocrine disruptor and disrupt thyroid function in anurans.  For both 

compounds, future studies regarding metamorphosis should incorporate assays with 

molecular endpoints, biochemical endpoints and histological endpoints along with 

traditional apical endpoints.  Apical endpoints alone such as hind limb growth and tail 

resorption are “limited because (1) they are not necessarily diagnostic of a particular 
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mode of action, (2) they are generally less sensitive than suborganismal endpoints, (3) 

they are the slowest of the endpoints to manifest effects, and (4) they may be difficult to 

use in terms of interspecies extrapolation” [41].  Molecular, biochemical or histological 

endpoints would allow researchers to determine if the thyroid was the target of a 

particular chemical so that, with enough evidence, appropriate regulatory action could 

be taken [41].  Unfortunately, although some bioassays have been developed, studies 

involving molecular and biochemical endpoints are still in their infancy and require 

additional research and development before standardized protocols can be 

implemented. 

 

 

 



APPENDIX A 

TRICLOSAN CONCENTRATIONS REPORTED BY THE USGS FOR U.S. STREAMS 
DURING 1999 AND 2000 [37] 
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Site 
Code 

Stream Location Date Time Triclosan 
Conc. 
(ppb) 

AR02 Shumate Creek near Durham, 
AR 

05-02-99 1630 -- 

AR06 Illinois River at Savoy, AR 05-04-99 2050 < 0.040 
AZ01 Santa Cruz River near Rio Rico, 

AZ 
06-29-00 1115 0.23 

AZ02 91st Ave. Sewage Treatment 
Plant outfall, AZ 

06-27-00 1625 0.32 

AZ03 Santa Cruz River at Cortaro 
Road, AZ 06-29-00 0710 0.73 

AZ04 Gila River above diversions, at 
Gillespie Dam, AZ 06-27-00 1035 0.20 

CA01 Sacramento River at Freeport, 
CA 05-18-00 1130 < 0.040 

CA02 Turlock Irrigation District Lateral 
No. 5 near Patterson, CA 06-28-00 1300 0.06 

CA03 San Timoteo Creek near 
Eastside Ranch near Yucaipa, 

CA 
08-16-00 1700 

0.41 

CA04 Cucamonga Creek WW effluent 
at Chino Ave near Ontario, CA 08-09-00 1700 0.08 

CA05 Inland Empire wastewater 
effluent to Cucamonga, CA 04-15-99 1700 -- 

CA06 Unnamed tributary 3 to upper 
Abbotts Lagoon, below 

McClure’s Ranch, at Pt. Reyes 
National Seashore, CA 

04-11-99 0715 

0.10 

CA07 Mud Slough near Gustine, CA 09-21-99 1110 0.04 
CA08 Orestimba Creek at River Road, 

near Crows Landing, CA 09-21-99 1600 < 0.040 

CA09 San Joaquin River near Vernalis, 
CA 09-22-99 1120 0.01  E 

CA10 French Camp Slough near 
Stockton, CA 09-22-99 1320 < 0.040 

CO01 South Platte River above Clear 
Creek near Commerce, CO 04-21-99 1250 2.3 

DE01 Nanticoke River near Bridgeville, 
DE 05-23-99 1130 0.04 
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Site 

Code 
Stream Location Date Time Triclosan 

Conc. 
(ppb) 

DE01 
duplicate 

Nanticoke River near Bridgeville, 
DE 05-23-99 1140 0.04 

FL01 Convict Spring near Mayo, FL 08-28-00 1215 < 0.050 
FL02 Itchepackesassa Creek near 

Moriczville, FL 08-23-00 1215 0.04  E 

GA01 Deep Creek at Lovett Boyd 
Woods Road near Hollywood, 

GA 
05-26-99 1400 

-- 

GA02 White Creek at New Bridge Rd 
near Cleveland, GA 05-25-99 1130 -- 

GA03 Mossy Creek at New Bridge Rd 
near Cleveland, GA 05-25-99 1030 -- 

GA04 West Fork Little River near 
Clermont, GA 05-25-99 0840 0.27 

GA05 Big Creek below water works 
intakes near Roswell, GA 05-26-99 1130 -- 

GA06 Snake Creek near Whitesburg, 
GA 05-24-99 1215 -- 

GA07 Chattahoochee River near 
Whitesburg, GA 05-31-00 1115 0.26 

IA01 Iowa River at new Iowa City 
intakes, IA 09-13-00 1600 < 0.040 

IA02 Raccoon River at Des Moines 
intakes, IA 09-12-00 1200 < 0.040 

IA04 Williams Creek on Minert Road 
near Postville, IA 09-11-00 1700 0.14 

IA05 Wheeler Creek near Rowan, IA 04-05-99 1445 -- 
IA07 South Fork Iowa River NE of 

New Providence, IA 04-08-99 1000 -- 

IA08 Mud Lake Drainage Ditch at 
Jewell, IA 04-06-99 0935 -- 

IA09 South Skunk River near Ames, 
IA 04-06-99 1245 0.04 

IA10 Walnut Creek near Vandalia, IA 04-04-99 2000 -- 
IA11 Fox River near Milton, IA 04-03-99 1855 -- 
IA12 South Fork Chariton River near 

Promise City, IA 04-03-99 1245 -- 

ID01 Boise River below Diversion Dam 
near Boise, ID 08-14-00 1110 -- 
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Site 

Code 
Stream Location Date Time Triclosan 

Conc. 
(ppb) 

ID02 Boise River near Middleton, ID 08-15-00 1250 0.04  E 
ID03 Boise River near Parma, ID 08-16-00 1222 0.04 
ID04 St. Joe River at Red Ives Ranger 

Station, ID 05-17-00 1215 < 0.040 

IL01 Sugar Creek near Milford, IL 05-13-99 1300 -- 
IL02 Des Plaines River at Russell, IL 05-17-99 1420 -- 
IL03 Salt Creek at Western Springs, IL 09-06-00 1050 0.10 
IL04 Des Plaines River at Riverside, 

IL 09-06-00 0940 0.11 

IL05 Chicago Sanitary and Ship Canal 
at Romeoville, IL 05-20-99 0810 0.30 

IL06 Nippersink Creek above Wonder 
Lake, IL 05-17-99 1230 -- 

IL07 Basin outlet, Illinois River at 
Ottawa, IL 05-13-99 1710 -- 

LA01 Mississippi River near St. 
Francisville, LA 04-19-99 1130 < 0.040 

MA01 Merrimack River below the 
Concord River, MA 05-12-99 0840 -- 

MA02 Charles River above Watertown 
Dam, MA 07-25-00 0630 0.09 

MA03 
blank 

Laundry Brook at Watertown, MA 07-25-00 0750 <0.040 

MA03 Laundry Brook at Watertown, MA 07-25-00 0800 0.12 
MA03 

duplicate 
Laundry Brook at Watertown, MA 07-25-00 0810 0.07 

MA04 Faneuil Brook at Brighton, MA 07-25-00 0900 0.16 
MA05 Muddy River at Brookline, MA 07-25-00 1100 0.08 
MA06 Stony Brook at Boston, MA 07-25-00 1010 0.15 
MA07 Charles River at Boston Science 

Museum, MA 07-25-00 1130 < 0.040 

MD01 Pocomoke River near Willards, 
MD 09-17-99 0930 -- 

MD02 Nassawango Creek near Snow 
Hill, MD 05-19-99 1710 -- 

MI01 North Branch Boardman River 
near S. Boardman, MI 06-15-99 1030 -- 

MI02 Boardman River near Mayfield, 
MI 06-15-99 1430 -- 
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Site 

Code 
Stream Location Date Time Triclosan 

Conc. 
(ppb) 

MI03 Boardman River at Traverse City, 
MI 06-16-99 1045 < 0.040 

MN03 
blank 

Mississippi River at Anoka, MN 10-03-00 1105 < 0.050 

MN03 Mississippi River at Anoka, MN 10-03-00 1115 0.05 
MN04 Mississippi River below Lock and 

Dam #2 at Hastings, MN 10-02-00 1210 0.11 

MO01 Blue River near Kansas City, MO 05-06-99 1130 0.46 
MO02 Brush Creek at Kansas City, MO 04-29-99 1245 1.0 
MO03 Brush Creek at Rockhill Rd, MO 04-30-99 0830 0.46 
MO04 Brush Creek at Elmwood Ave., 

MO 04-30-99 1300 0.67 

MO05 Paddy Creek near Slabtown, MO 05-15-99 1315 < 0.040 
MO06 Elk River near Tiff City, MO 04-07-99 0845 < 0.040 
MO07 Pogue Creek near mouth, MO 04-05-99 1530 -- 
MO08 Clear Creek below Pierce City, 

MO 04-07-99 0840 -- 

MT01 Little Bighorn River at State Line 
near Wyola, MT 03-16-00 1040 0.09 

MT02 Little Bighorn River near Wyola, 
MT 03-16-00 1400 1.7 

MT03 Little Bighorn River near Hardin, 
MT 03-17-00 1100 < 0.040 

MT04 Clark Fork River at St. Regis, MT 03-06-00 1400 < 0.040 
MT05 Godfrey Creek near Churchill, 

MT 03-22-00 1130 < 0.040 

NC01 Stewarts Creek at SR1943, NC 05-06-99 1015 -- 
NC02 Persimmon Branch at SR1737, 

NC 05-06-99 1230 -- 

NC03 Herrings Marsh Run tributary 
near Summerlins xroads, NC 05-06-99 1430 -- 

NC04 Bear Creek at Mays Store, NC 05-06-99 1545 -- 
NC05 Unnamed tributary to Sandy Run 

near Lizzie, NC 05-13-99 1245 -- 

NE01 Pumpkin Creek near Bridgeport, 
NE 06-24-99 1330 -- 

NE02 Lincoln County Drain No. 1 at 
Birdwood, NE 06-15-99 1730 < 0.040 
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Site 

Code 
Stream Location Date Time Triclosan 

Conc. 
(ppb) 

NE03 North Dry Creek 2 miles SW of 
Platte River Bridge south of 

Kearney, NE 
06-14-99 1600 

< 0.040 

NE04 Prairie Creek near Ovina, NE 06-15-99 1700 -- 
NE05 South Fork Elkhorn River at 

Ewing, NE 06-03-99 1230 -- 

NE06 Platte River at Louisville, NE 06-04-99 1030 -- 
NE07 Red Willow Creek, NE 06-17-99 1130 -- 
NJ01 Assunpink Creek at Trenton, NJ 06-01-99 1020 -- 
NJ02 Singac Brook at Singac, NJ 08-15-00 1300 < 0.050 
NJ03 Whippany River near Pine Brook, 

NJ 08-17-00 1040 0.03  E 

NJ04 Hohokus Brook at Hohokus, NJ 05-27-99 1120 -- 
NY01 Canajoharie Creek near 

Canajoharie, NY 03-28-00 1310 0.25 

NY02 Putnam Lake Tributary site 21, 
NY 08-08-00 1150 < 0.050 

NY03 Putnam Lake Tributary site 20, 
NY 08-23-00 1340 0.44 

NY04 Putnam Lake at dam, at Putnam 
Lake, NY 08-08-00 1100 < 0.050 

NY05 Tonetta Brook at mouth at 
Brewster, NY 08-08-00 1300 < 0.050 

NY06 Michael Brook at Carmel, NY 08-08-00 1500 < 0.050 
NY07 Michael Brook near Carmel, NY 08-08-00 1410 0.09 
NY07 

duplicate 
Michael Brook near Carmel, NY 08-08-00 1415 0.06 

NY08 Broad Brook at Katonah, NY 08-30-00 1430 < 0.040 
NY09 Stone Hill River Tributary at 

Bedford Hills, NY 08-10-00 1215 < 0.050 

NY10 Hallocks Mill Brook at Amawalk, 
NY 08-10-00 1120 0.50 

NY11 
blank 

Kisco River south of Mount 
Kisco, NY 08-10-00 1609 < 0.050 

NY11 Kisco River south of Mount 
Kisco, NY 08-10-00 1625 < 0.050 

NY12 Kisco River at Mount Kisco, NY 08-10-00 1515 < 0.050 
OH01 Holes Creek at Huffman Park 

near Kettering, OH 10-05-00 1110 0.62 
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Site 

Code 
Stream Location Date Time Triclosan 

Conc. 
(ppb) 

OH02 Scioto River near Prospect, OH 05-24-99 1015 0.14 
OH03 Big Darby Creek at Darbyville, 

OH 05-06-99 1045 -- 

OH04 Upper Twin Creek at McGaw, 
OH 05-06-99 1340 -- 

OH05 Great Miami River at Hamiliton, 
OH 07-13-00 1130 < 0.040 

OH06 Tymochtee Creek at Crawford, 
OH 05-24-99 1245 -- 

OH07 Cuyahoga River at LTV Steel at 
Cleveland, OH 06-02-99 1145 -- 

OH08 Stillwater River at Martindale 
Road near Union, OH 06-14-99 1120 < 0.040 

OK01 Bird Creek near Catoosa, OK 05-13-99 1315 0.17 
OK03 North Canadian River near 

Harrah, OK 05-03-99 1045 < 0.040 

OK04 Willow Creek near Albert, OK 05-24-99 1300 < 0.040 
OR02 Zollner Creek near Mt. Angel, OR 07-10-00 1400 0.43 
OR03 Tualatin River at the Boones 

Ferry Bridge, OR 06-03-00 1030 0.17 

OR04 Willamette River at Swan Island, 
OR 07-24-00 1130 0.09 

PA01 East Mahantango Creek at 
Klingerstown, PA 05-24-99 1030 -- 

PA02 Conodoguinet Creek near 
Hogestown, PA 06-08-99 1120 -- 

PA03 Bachman Run at Annville, PA 05-27-99 1520 -- 
PA04 Chickies Creek at Route 441 at 

Marietta, PA 05-27-99 1000 0.06 

PA05 Mill Creek at Eshelman Mill Rd 
near Lyndon, PA 05-27-99 1150 -- 

TX01 Trinity River below Dallas, TX 08-09-99 0830 0.30 
UT01 Jordan River at Salt Lake City, 

UT 06-14-99 1140 < 0.040 

VA01 Christians Creek at Route 635 
near Jolivue, VA 08-01-00 1500 < 0.050 

WA01 Yakima River at Kiona, WA 07-19-00 0930 0.07 
WA02 Indian Moxlie Creek outfall at 

Olympia, WA 05-18-99 1530 -- 
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Site 

Code 
Stream Location Date Time Triclosan 

Conc. 
(ppb) 

WA03 Double Ditch at E. Main St. at 
Lynden, WA 05-14-99 1530 < 0.040 

WA04 Thornton Creek near Seattle, WA 05-06-99 1050 -- 
WA05 Fishtrap Creek at IB near 

Lynden, WA 05-14-99 1200 -- 

WA06 Spokane River at 7 mile bridge 
near Spokane, WA 03-29-00 1000 < 0.040 

WI01 Parsons Creek upstream Fond 
du Lac, WI 04-23-99 0955 -- 

WI02 Parsons Creek downstream 
Fond du Lac, WI 04-23-99 0910 < 0.040 

WI03 Meeme River at S. Cleveland, WI 05-17-99 1230 -- 
WI04 Otter Creek near Plymouth, WI 04-23-99 1450 -- 
WI05 Milwaukee River Tributary at 

U.S. Highway 45, WI 04-23-99 1115 -- 

WI06 Batavia Creek at State Highway 
28, WI 04-23-99 1330 -- 

WI07 West Branch Rock River, WI 04-23-99 0820 -- 
E = estimated 
-- = data not collected



APPENDIX B 

BASIC WATER CHEMISTRY MEASUREMENTS

130 

 



Table B-1.  Basic water chemistry measurements for culture water 
Sampling 

Date 
Location Temperature 

°C 
pH Alkalinity 

mg/L 
as CaCO3 

Hardness 
mg/L 

as CaCO3 
 

Conductivity 
µS/cm 

D.O. 
mg/L 

9/10/04 XEN003 
Spigot 

24.4 7.34 80 104 390.1 6.9 

9/16/04 XEN004 
Spigot 

23.1 7.49 100 104 372.5 6.5 

9/23/04 XEN001 
Tank 

22.6 7.72 75 72 362.6 6.2 

10/1/04 XEN002 
Tank 

24.9 7.71 75 88 376.8 7.6 

10/12/04 XEN001 
Tank 

22.2 6.85 70 96 339.7 5.4 

1/13/04 XEN003 
Tank 

21.5 7.32 80 108 395.2 8.4 

4/14/05 XEN004 
Tank 

22.6 7.06 100 128 439.5 8.0 

7/26/05 XEN001 
Tank 

23.6 7.66 100 120 369.4 9.0 

10/28/05 XEN002 
Spigot 

22.2 7.58 85 104 385.9 7.9 

1/30/06 XEN003 
Spigot 

21.9 7.56 45 124 421.4 7.3 

5/26/06 XEN002 
Spigot 

22.0 7.68 95 120 490.0 7.3 

9/14/06 XEN004 
Spigot 

21.0 7.68 80 88 332.1 8.4 

12/19/06 XEN003 
Spigot 

21.0 7.58 125 116 424.8 7.6 

2/28/07 XEN001 
Spigot 

22.0 7.72 85 116 536.0 6.8 

4/4/07 XEN003 
Spigot 

22.0 7.72 85 124 443.4 7.2 

10/12/07 XEN002 
Spigot 

19.0 7.47 80 120 333.2 7.8 

1/15/08 XEN002 
Spigot 

23.0 7.34 80 140 344.5 6.8 

7/21/08 XEN001 
Tube 

21.8 5.18 5 152 307.2 NR 

7/21/08 XEN001 
Tube 

NR 7.14 50 NR NR NR 

NR= not recorded 
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Table B-2.  Basic water chemistry measurements for FETAX solution 
Preparation 

Date 
Solution 

ID 
Temperature 

°C 
pH Alkalinity 

mg/L 
as CaCO3 

Hardness 
mg/L 

as CaCO3 
 

Conductivity 
µS/cm 

D.O. 
mg/L 

11/4/04 001 23.1 8.07 90 100 820 5.4 
12/2/04 002 NR 7.06 35 40 1621 5.2 
12/16/04 003 24.5 7.38 30 24 898 5.2 
1/10/05 004 NR 7.48 30 27 1315 8.6 
2/7/05 005 23.3 7.49 95 92 1594 8.4 
3/3/05 006 NR 7.24 45 72 1507 8.2 
3/6/05 007 22.1 7.72 70 80 1438 8.4 

3/13/05 008 23.8 7.54 35 72 1545 8.6 
4/4/05 009 23.0 7.20 65 92 1631 8.2 

4/14/05 010 22.8 7.53 80 88 1695 8.4 
4/15/05 011 22.5 7.11 50 88 1551 8.4 
4/21/05 012 22.8 7.73 65 80 1578 8.4 
4/26/05 013 24.0 7.40 60 36 1534 8.2 
8/17/05 014 23.0 7.73 70 80 1555 NR 
8/17/05 015 23.2 7.76 60 72 1499 NR 
8/31/05 016 23.6 7.23 95 88 1665 9.7 
9/1/05 017 23.4 7.68 55 80 1554 9.2 
9/1/05 018 23.0 7.62 55 76 1489 9.4 
9/9/05 019 22.7 7.65 60 76 1478 NR 

9/21/05 020 23.2 7.77 65 84 1560 7.8 
10/27/05 021 22.4 7.81 55 68 1544 8.4 
10/27/05 022 23.0 7.77 55 72 1460 8.2 
12/20/05 023 22.9 7.68 60 72 1416 9.0 
12/29/05 024 23.4 7.85 55 68 1575 8.6 
1/2/06 025 22.7 8.05 85 116 1514 8.2 
1/2/06 026 22.1 8.37 100 84 1653 8.2 
2/2/06 027 22.5 7.58 55 64 1539 8.5 

3/24/06 028 24.5 7.90 60 80 1474 7.6 
3/28/06 029 23.0 7.83 75 96 1471 8.7 
5/25/06 030 22.0 7.85 55 88 1450 7.7 
5/25/06 031 22.5 7.87 60 84 1500 7.8 
6/8/06 032 21.5 7.81 68 84 1400 8.7 

6/23/06 033 22.5 7.77 60 80 1400 8.8 
7/28/06 034 NR NR NR NR NR NR 
9/1/06 035 21.5 7.99 95 104 1662 8.6 
9/4/06 036 21.5 7.80 65 84 1489 8.7 

9/14/06 037 22.0 7.69 70 80 1456 8.2 
10/16/06 038 22.5 7.73 85 80 1424 8.5 
10/18/06 039 21.5 8.12 70 116 1392 8.2 
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Table B-2.  Basic water chemistry measurements for FETAX solution (cont.) 
Preparation 

Date 
Solution 

ID 
Temperature 

°C 
pH Alkalinity 

mg/L 
as CaCO3 

Hardness 
mg/L 

as CaCO3 
 

Conductivity 
µS/cm 

D.O. 
mg/L 

12/11/06 040 22.0 8.14 65 92 1534 8.2 
1/3/07 041 NR NR NR NR NR NR 
1/3/07 042 21.5 8.19 60 84 1652 8.0 

1/22/07 043 21.5 8.12 60 84 1581 7.8 
1/29/07 044 21.0 7.56 60 80 1572 7.9 
2/13/07 045 23.5 8.14 80 88 1928 8.4 
2/19/07 046 21.0 8.00 60 60 1578 8.4 
3/4/07 047 22.5 8.22 110 160 3071 8.4 
3/8/07 048 22.5 8.03 50 84 1635 8.4 
4/1/07 049 22.4 7.94 60 68 1513 8.2 

4/18/07 050 23.7 8.08 75 76 1630 8.4 
5/2/07 051 23.2 8.00 55 84 1530 8.2 

5/10/07 052 NR NR NR NR NR NR 
5/25/07 053 23.7 8.08 90 88 1680 8.0 
5/31/07 054 23.3 8.08 60 104 1865 7.8 
6/5/07 055 23.5 8.03 35 76 1499 8.2 

6/25/07 056 23.6 8.00 65 104 1541 8.1 
8/15/07 057 20.7 8.02 70 92 1400 8.6 
8/31/07 058 21.0 8.08 40 84 1300 8.6 
9/17/07 059 20.3 7.92 60 72 1591 8.0 
9/27/07 060 22.1 6.96 50 72 1578 8.5 
10/3/07 061 19.5 8.04 70 108 1592 8.6 
10/10/07 062 20.1 7.54 55 88 1514 8.8 
10/16/07 063 19.0 7.89 60 100 1540 9.0 
10/26/07 064 21.5 7.98 55 116 1590 8.4 
10/30/07 065 21.0 8.17 55 104 1525 8.8 
11/6/07 066 20.0 8.05 50 96 1565 8.4 
11/8/07 067 20.2 8.30 55 108 1490 8.2 
11/15/07 068 21.0 8.16 45 84 1461 8.3 
2/10/08 069 NR NR NR NR NR NR 
4/1/08 070 22.0 7.63 NR 92 1494 8.6 

6/19/08 071 24.4 8.30 53 120 1659 8.4 
8/18/08 072 23.2 7.40 75 92 1538 8.4 
9/4/08 073 21.3 7.82 45 90 1501 7.7 

10/10/08 074 21.2 7.64 55 74 1459 7.6 
1/23/09 075 20.2 8.07 75 84 1635 8.4 
2/19/09 076 20.0 8.06 60 76 1506 8.4 
3/1/09 077 20.0 8.05 57.5 80 1518 8.6 
3/9/09 078 25.2 8.10 62.5 84 1730 8.0 
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Table B-2.  Basic water chemistry measurements for FETAX solution (cont.) 
Preparation 

Date 
Solution 

ID 
Temperature 

°C 
pH Alkalinity 

mg/L 
as CaCO3 

Hardness 
mg/L 

as CaCO3 
 

Conductivity 
µS/cm 

D.O. 
mg/L 

3/23/09 079 22.3 8.07 60 48 1620 8.1 
4/3/09 080 22.6 7.15 50 80 1565 8.2 

4/10/09 081 23.0 8.05 60 132 1600 8.6 
4/15/09 082 22.5 8.04 60 84 1450 8.8 
5/14/09 083 23.5 7.30 55 36 883 9.0 
6/11/09 084 22.0 8.17 NR 100 2100 8.1 
6/24/09 085 22.5 8.24 175 176 3700 7.7 
10/13/09 086 NR NR NR NR NR NR 
11/5/09 087 23.2 7.5 65 100 1146 8.0 
3/11/10 088 23.1 7.9 55 80 893 8.1 
3/11/10 089 23.3 8.0 55 80 885 8.1 
3/18/10 090 23.2 8.0 70 96 998 8.0 
3/20/10 091 23.1 7.9 60 88 886 8.2 
3/25/10 092 23.1 8.0 55 80 885 8.0 
NR= not recorded 
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Table B-3.  Time-to-metamorphosis study - basic water chemistry measurements 
Sampling 

Date 
Solution 

ID 
Temperature 

°C 
pH Alkalinity 

mg/L 
as CaCO3 

Hardness 
mg/L 

as CaCO3 
 

Conductivity 
µS/cm 

D.O. 
mg/L 

10/14/08* Tank 1 
Neg Ctrl 

21.3 7.46 90 98 370 7.2 

10/14/08* Tank 12 
70 ppb 

21.4 7.76 87.5 100 304 7.3 

10/21/08 Tank 3 
DMSO 

22.1 7.61 80 86 286 7.0 

10/21/08 Tank 9 
7 ppb 

22.4 7.82 85 104 327 6.8 

10/23/08 Tank 6 
0.07 ppb 

22.6 NR NR NR NR 6.6 

10/23/08 Tank 7 
0.7 ppb 

22.8 NR NR NR NR 6.6 

10/24/08 Tank 2 
Neg Ctrl 

21.6 NR NR NR NR 6.1 

10/24/08 Tank 11 
70 ppb 

22.3 NR NR NR NR 6.6 

10/29/08 Tank 4 
DMSO 

21.7 7.87 70 92 330 6.8 

10/29/08 Tank 5 
0.07 ppb 

21.6 7.66 90 96 320 7.0 

11/5/08 Tank 8 
0.7 ppb 

22.4 7.88 105 112 333 5.5 

11/5/08 Tank 10 
7.0 ppb 

22.5 7.60 100 100 322 5.22 

11/11/08 Tank 1 
Neg Ctrl 

21.8 7.53 80 104 336 5.33 

11/11/08 Tank 12 
70 ppb 

21.8 7.47 100 104 328 5.0 

11/19/08 Tank 3 
DMSO 

21.2 7.42 80 96 338 4.8 

11/19/08 Tank 9 
7.0 ppb 

21.0 7.27 95 100 321 5.0 

12/3/08 Tank 6 
0.07 ppb 

21.3 7.92 70 124 354 6.4 

12/3/08 Tank 7 
0.7 ppb 

21.4 7.92 95 108 343 5.9 

12/12/08** Tank 10 
7.0 ppb 

20.6 7.39 115 112 348 2.10 
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Table B-3.  Time-to-metamorphosis study - basic water chemistry measurements (cont.) 
Sampling 

Date 
Solution 

ID 
Temperature 

°C 
pH Alkalinity 

mg/L 
as CaCO3 

Hardness 
mg/L 

as CaCO3 
 

Conductivity 
µS/cm 

D.O. 
mg/L 

12/12/08 Tank 5 
0.07 ppb 

20.3 7.58 100 100 320 6.7 

1/20/09 Tank 2 
Neg Ctrl 

20.3 7.41 112.5 136 308 8.2 

1/20/09 Tank 4 
DMSO 

20.8 7.16 105 120 339 5.9 

1/20/09 Tank 8 
0.7 ppb 

20.9 7.54 100 108 334 7.58 

1/20/09 Tank 11 
70 ppb 

20.4 7.49 100 116 328 9.0 

NR = not recorded 
*No animals in tanks. 
**Water inadvertently turned off; no animals in tank. 
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Table B-4.  Time-to-metamorphosis study:  basic water chemistry measurements for 
semi-quantitative tests 

Sampling Date Solution ID Nitrates 
NO3

- 
(mg/L) 

Ammonia 
NH3 & NH4 

(mg/L) 

Iodine 
 

(mg/L) 
12/3/08 Tank 1 

Neg Ctrl 
0 – 12.5 0 – 0.25 NR 

12/3/08 Tank 2 
Neg Ctrl 

0 – 12.5 0 – 0.25 NR 

12/4/08 Tank 3 
DMSO 

12.5 0 NR 

12/4/08 Tank 4 
DMSO 

0 – 12.5 0 – 0.25 NR 

12/10/08 Tank 9 
7.0 ppb 

0 – 12.5 0.25 – 1.5 NR 

12/10/08 Tank 10 
7.0 ppb 

0 – 12.5 0.25 – 1.5 NR 

12/12/08 Tank 5 
0.07 ppb 

0 – 12.5 0.25 – 1.5 0 – 0.5 

12/12/08 Tank 6 
0.07 ppb 

0 – 12.5 0 – 0.25 NR 

12/12/08 Tank 7 
0.7 ppb 

0 – 12.5 0.25 – 1.5 0 – 0.5 

12/12/08 Tank 8 
0.7 ppb 

0 – 12.5 0.25 – 1.5 NR 

12/12/08 Tank 11 
70 ppb 

0 – 12.5 0.25 – 1.5 NR 

12/12/08 Tank 12 
70 ppb 

0 – 12.5 0.25 – 1.5 0 – 0.5 

12/12/08 Tank 10 
7.0 ppb 

NR NR 0 – 0.5 

12/16/08 Tank 1 
Neg Ctrl 

NR NR 0 – 0.5 

12/16/08 Tank 2 
Neg Ctrl 

NR NR 0 – 0.5 

12/16/08 Tank 3 
DMSO 

NR NR 0 – 0.5 

12/16/08 Tank 4 
DMSO 

NR NR 0 – 0.5 

12/16/08 Tank 6 
0.07 ppb 

NR NR 0 – 0.5 

12/16/08 Tank 8 
0.7 ppb 

NR NR 0 – 0.5 
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Table B-4.  Time-to-metamorphosis study:  basic water chemistry measurements for 
semi-quantitative tests (cont.) 

Sampling Date Solution ID Nitrates 
NO3

- 
(mg/L) 

Ammonia 
NH3 & NH4 

(mg/L) 

Iodine 
 

(mg/L) 
12/16/08 Tank 9 

7.0 ppb 
NR NR 0 – 0.5 

12/16/08 Tank 11 
70 ppb 

NR NR 0 – 0.5 

NR = not recorded 
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Table B-5.  Hind limb development study:  basic water chemistry measurements 
Sampling 

Date 
Solution 

ID 
Temperature 

°C 
pH Alkalinity 

mg/L 
as CaCO3 

Hardness 
mg/L 

as CaCO3 
 

Conductivity 
µS/cm 

D.O. 
mg/L 

11/19/08 Tank 1 
Neg Ctrl 

21.1 7.64 100 104 335 6.9 

11/19/08 Tank 4 
DMSO 

21.0 7.58 100 100 342 6.6 

11/19/08 Tank 7 
0.7 ppb 

21.1 7.74 105 100 338 7.4 

11/19/08 Tank 10 
7.0 ppb 

20.9 7.76 105 104 340 7.0 

12/3/08 Tank 2 
Neg Ctrl 

21.3 7.76 100 108 356 7.7 

12/3/08 Tank 5 
0.07 ppb 

21.1 7.99 95 108 353 7.9 

12/3/08 Tank 8 
0.7 ppb 

21.1 7.86 100 100 352 7.6 

12/3/08 Tank 11 
70 ppb 

21.2 7.89 105 116 363 7.4 

12/12/08 Tank 3 
DMSO 

20.2 7.37 80 106 320 8.5 

12/12/08 Tank 6 
0.07 ppb 

20.3 7.67 95 108 322 8.4 

12/12/08 Tank 9 
7.0 ppb 

19.9 7.40 95 110 325 8.2 

12/12/08 Tank 12 
70 ppb 

20.0 7.57 100 92 335 7.8 
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Table B-6.  Hind limb development study:  basic water chemistry measurements for 
semi-quantitative tests 

Sampling Date Solution ID Nitrates 
NO3

- 
(mg/L) 

Ammonia 
NH3 & NH4 

(mg/L) 

Iodine 
 

(mg/L) 
12/3/08 Tank 1 

Neg Ctrl 
25 - 50 0.25 – 1.5 NR 

12/3/08 Tank 2 
Neg Ctrl 

25 - 50 0.25 – 1.5 NR 

12/3/08 Tank 3 
DMSO 

25 - 50 NR NR 

12/3/08 Tank 4 
DMSO 

25 - 50 NR NR 

12/4/08 Tank 3 
DMSO 

NR 0 NR 

12/4/08 Tank 4 
DMSO 

NR 0 NR 

12/4/08 Tank 5 
0.07 ppb 

25 - 50 0.25 – 1.5 NR 

12/4/08 Tank 6 
0.07 ppb 

25 - 50 0.25 – 1.5 NR 

12/4/08 Tank 7 
0.7 ppb 

25 - 50 0 - 0.25 NR 

12/4/08 Tank 8 
0.7 ppb 

25 - 50 0.25 – 1.5 NR 

12/10/08 Tank 9 
7.0 ppb 

25 - 50 0 - 0.25 NR 

12/10/08 Tank 10 
7.0 ppb 

25 - 50 0 - 0.25 NR 

12/10/08 Tank 11 
70 ppb 

25 - 50 0.25 – 1.5 NR 

12/10/08 Tank 12 
70 ppb 

25 - 50 0.25 – 1.5 NR 

12/12/08 Tank 1 
Neg Ctrl 

NR NR 0 – 0.5 

12/12/08 Tank 2 
Neg Ctrl 

NR NR 0 – 0.5 

12/12/08 Tank 3 
DMSO 

NR NR 0 – 0.5 

12/12/08 Tank 4 
DMSO 

NR NR 0 – 0.5 

12/12/08 Tank 5 
0.07 ppb 

NR NR 0 – 0.5 

140 

 



Table B-6.  Hind limb development study:  basic water chemistry measurements for 
semi-quantitative tests (cont.) 

Sampling Date Solution ID Nitrates 
NO3

- 
(mg/L) 

Ammonia 
NH3 & NH4 

(mg/L) 

Iodine 
 

(mg/L) 
12/12/08 Tank 6 

0.07 ppb 
NR NR 0 – 0.5 

12/12/08 Tank 7 
0.7 ppb 

NR NR 0 – 0.5 

12/12/08 Tank 8 
0.7 ppb 

NR NR 0 – 0.5 

12/13/08 Tank 9 
7.0 ppb 

NR NR 0 – 0.5 

12/13/08 Tank 10 
7.0 ppb 

NR NR 0 – 0.5 

12/13/08 Tank 11 
70 ppb 

NR NR 0 – 0.5 

12/13/08 Tank 12 
70 ppb 

NR NR 0 – 0.5 

NR = not recorded 
 

141 

 



Table B-7.  Tail resorption study:  basic water chemistry measurements 
Sampling 

Date 
Solution 

ID 
Temperature 

°C 
pH Alkalinity 

mg/L 
as CaCO3 

Hardness 
mg/L 

as CaCO3 
 

Conductivity 
µS/cm 

D.O. 
mg/L 

5/7/09* Tank 1 
Neg Ctrl 

22.0 7.52 107.5 114 315 7.2 

5/7/09* Tank 4 
DMSO 

22.0 7.62 97.5 108 315 8.4 

5/7/09* Tank 7 
0.7 ppb 

22.0 8.01 110 94 315 8.6 

5/7/09* Tank 10 
7.0 ppb 

21.5 8.15 95 98 315 8.6 

6/8/09 Tank 2 
Neg Ctrl 

22.5 7.28 90 104 320 5.6 

6/8/09 Tank 5 
0.07 ppb 

22.5 7.54 90 102 319 7.4 

6/8/09 Tank 8 
0.7 ppb 

22.0 7.50 95 90 322 6.6 

6/8/09 Tank 11 
70 ppb 

23.0 7.60 95 108 324 7.4 

6/24/09 Tank 3 
DMSO 

21.0 7.92 95 108 314 7.6 

6/24/09 Tank 6 
0.07 ppb 

21.5 8.00 100 108 311 7.2 

6/24/09 Tank 9 
7.0 ppb 

21.5 7.72 90 112 312 7.1 

6/24/09 Tank 12 
70 ppb 

21.5 7.99 105 104 313 6.9 

*No animals or test chemical in tanks. 
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Table B-8.  Tail resorption study:  basic water chemistry measurements for semi-
quantitative tests 

Sampling Date Solution ID Nitrates 
NO3

- 
(mg/L) 

Ammonia 
NH3 & NH4 

(mg/L) 

Iodine 
 

(mg/L) 
5/7/09* Tank 1 

Neg Ctrl 
0 – 12.5 0 0 – 0.5 

5/7/09* Tank 4 
DMSO 

0 – 12.5 0 0 – 0.5 

5/7/09* Tank 7 
0.7 ppb 

0 – 12.5 0 0 – 0.5 

5/7/09* Tank 10 
7.0 ppb 

0 0 0 – 0.5 

6/8/09 Tank 2 
Neg Ctrl 

0 0 0 – 0.5 

6/8/09 Tank 5 
0.07 ppb 

0 0 0 – 0.5 

6/8/09 Tank 8 
0.7 ppb 

0 0 0 – 0.5 

6/8/09 Tank 11 
70 ppb 

0 0 0 – 0.5 

6/24/09 Tank 3 
DMSO 

0 – 12.5 0 0 – 0.5 

6/24/09 Tank 6 
0.07 ppb 

0 – 12.5 0 - 0.25 0 – 0.5 

6/24/09 Tank 9 
7.0 ppb 

0 – 12.5 0 - 0.25 0 – 0.5 

6/24/09 Tank 12 
70 ppb 

0 – 12.5 0 0 – 0.5 

*No animals or test material in tanks.



APPENDIX C 

pH MEASUREMENTS FOR THE FETAX ASSAYS, BIOACCUMULATION STUDIES 
AND THE PARTITIONING STUDY
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Test 
Number 

Test 
Material 

Test Type Test 
Day 

Stock 
 

pH 

High 
Conc. 

pH 

Neg. Ctr.
pH 

25 triclosan FETAX 1 
2 
3 
4 

8.03 
7.67 
7.72 
7.67 

8.14 
7.67 
7.74 
7.79 

8.10 
7.66 
7.85 
7.95 

26 triclosan FETAX 1 
2 
3 
4 

7.95 
7.92 
7.97 
7.95 

7.95 
7.99 
8.00 
8.02 

7.92 
7.95 
8.03 
8.07 

71 triclosan Bioaccumulation 
0 wk 

1 
2 
3 
4 

8.2 
8.1 
8.1 
8.2 

8.0 
8.0 
8.0 
8.2 

8.0 
7.9 
8.0 
8.2 

45 triclosan Bioaccumulation 
4 wk 

1 
2 
3 
4 

7.93 
7.93 
8.00 
8.09 

8.03 
8.09 
NR 
8.21 

8.02 
8.06 
8.20 
8.23 

48 triclosan Bioaccumulation 
4 wk 

1 
2 
3 
4 

7.99 
8.14 
8.06 
8.03 

8.12 
8.03 
8.12 
8.16 

8.11 
8.17 
7.95 
8.23 

46 triclosan Bioaccumulation 
8 wk 

1 
2 
3 
4 

7.99 
7.97 
8.13 
7.99 

7.89 
8.04 
8.00 
8.17 

7.89 
8.14 
8.15 
8.14 

62 triclosan Bioaccumulation 
8 wk 

1 
2 
3 
4 

7.29 
7.64 
7.20 
7.73 

7.41 
7.81 
7.36 
7.89 

7.84 
7.84 
7.43 
7.89 

65 triclocarban FETAX & 
Bioaccumulation 

0 wk 

1 
2 
3 
4 

8.12 
8.12 
8.19 
8.13 

8.12 
8.12 
8.19 
8.13 

8.06 
8.08 
8.16 
8.10 
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Test 

Number 
Test 

Material 
Test Type Test 

Day 
Stock 

 
pH 

High 
Conc. 

pH 

Neg. Ctr.
pH 

39 triclocarban Bioaccumulation 
4 wk 

1 
2 
3 
4 

7.72 
7.91 
7.98 
7.95 

7.65 
7.93 
7.98 
7.96 

7.73 
7.92 
7.94 
7.95 

44 triclocarban Bioaccumulation 
4 wk 

1 
2 
3 
4 

8.10 
8.05 
8.18 
8.16 

8.10 
8.09 
8.18 
8.16 

8.06 
7.97 
8.15 
8.16 

37 triclocarban Bioaccumulation 
8 wk 

1 
2 
3 
4 

7.80 
7.88 
7.94 
7.98 

7.76 
7.80 
7.83 
8.10 

7.80 
7.67 
7.74 
8.04 

47 triclocarban Bioaccumulation 
8 wk 

1 
2 
3 
4 

8.01 
8.01 
8.12 
8.10 

7.92 
8.09 
8.15 
8.13 

7.89 
8.14 
8.15 
8.14 

59 triclocarban Bioaccumulation 
8 wk 

1 
2 
3 
4 

7.98 
8.06 
8.20 
8.00 

7.96 
8.19 
8.16 
7.97 

7.93 
8.01 
8.16 
7.91 

58 Triclocarban Partitioning 
Study 
4 wk 

1 
2 
3 
4 

8.07 
8.25 
8.21 
8.20 

8.03 
8.20 
8.16 
8.15 

7.92 
8.17 
8.17 
8.03 



APPENDIX D 

LIGHT MEASUREMENTS
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Table D-1.  Time-to-metamorphosis study:  light measurements from the water surface 
of each aquarium 

Tank ID Light Reading 
(Foot Candles) 

Tank 1, Neg Ctrl 70 
Tank 2, Neg Ctrl 50 
Tank 3, DMSO 46 
Tank 4, DMSO 65 

Tank 5, 0.07 ppb 44 
Tank 6, 0.07 ppb 60 
Tank 7, 0.7 ppb 60 
Tank 8, 0.7 ppb 60 
Tank 9, 7.0 ppb 42 

Tank 10, 7.0 ppb 70 
Tank 11, 70 ppb 80 
Tank 12, 70 ppb 70 
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Table D-2.  Hind limb development study:  light measurements from the water surface of 
each aquarium 

Tank ID Light Reading 
(Foot Candles) 

Tank 1, Neg Ctrl 85 
Tank 2, Neg Ctrl 80 
Tank 3, DMSO 80 
Tank 4, DMSO 85 

Tank 5, 0.07 ppb 90 
Tank 6, 0.07 ppb 95 
Tank 7, 0.7 ppb 100 
Tank 8, 0.7 ppb 100 
Tank 9, 7.0 ppb 60 

Tank 10, 7.0 ppb 43 
Tank 11, 70 ppb 13 
Tank 12, 70 ppb 20 



APPENDIX E 

ANALYTICAL CHEMISTRY
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Nominal concentrations were verified for each test presented in this dissertation. 

The different methods used for each study type are described below.  For the triclosan 

studies, both triclosan and methyl triclosan were analyzed for in the samples.  However, 

methyl triclosan was not detected and will not be discussed. 

 

Frog Embryo Teratogenesis Assay – Xenopus (FETAX) 

 For the FETAX assay, test solutions were renewed daily.  To confirm nominal 

concentrations, samples of each concentration were taken daily immediately prior to 

being used in the assay.  The samples were collected in glass vials, labeled and 

refrigerated until analyzed. 

 

Water Sample Preparation – Triclosan 

For the triclosan FETAX tests only, an ELISA assay purchased from Abraxis LLC 

(Warminster, PA) [101] was used to confirm nominal concentrations.  The treatment 

samples were diluted to 0.5 ppb because the standard curve for the assay ranged from 

0.025 to 1.0 ppb. From each treatment sample, control and standard, a 250 µL aliquot 

was transferred to the glass tubes provided by the kit.  The triclosan antibody coupled 

paramagnetic particles were mixed and 500 µL was added to each tube.  The tubes 

were vortexed taking care not to create a lot of foam.  The tubes were then incubated at 

room temperature for 30 minutes.  After the incubation period, 250 µL of triclosan 

enzyme conjugate was added to each tube and the tubes were vortexed, again taking 

care to minimize foam.  The tubes were again incubated for 30 minutes at room 

temperature.  After this second incubation period, the contents of the tubes were 
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separated in the magnetic separation rack obtained from Abraxis LLC for two minutes.  

The tubes were then decanted while on the magnetic rack and gently blotted dry.  One 

mL of washing solution was added to each tube, the tubes were vortexed and left on the 

magnetic separation rack for an additional two minutes.  The tubes were again 

decanted while on the rack and gently blotted dry.  This washing step was repeated a 

second time.  After the second washing step was complete, the tubes were removed 

from the magnetic separator and 500 µL of color solution was added to each tube.  The 

tubes were vortexed and incubated at room temperature for 20 minutes.  After the 20 

minute incubation period, 500 µL of stopping solution was added to each tube.  Within 

15 minutes of adding the stopping solution, each tube was read at 450 nm using a 

photometric analyzer.  The intensity of the color developed was inversely proportional to 

the amount of triclosan in the treatment sample, control or standard [101].  

Concentrations were determined by doing a linear regression of the absorbance values 

against the values obtained for the standard curve. 

The results for the triclosan FETAX water samples are presented in Table E-1.  

The first test (Test 25) showed good results for the controls and treatments, although 

the actual treatment concentrations were generally higher than the expected nominal 

values.  The higher values may be attributed to technician error when originally 

preparing the test materials, dilution error when preparing the samples for analysis or an 

artifact of the Abraxis assay.  The second test (Test 26) did not yield usable results.  

Many of the samples appeared to be contaminated, resulting in much higher than 

expected values.  The values are not accurate.  If they were accurate, there would have 

been a corresponding increase in mortality and malformation rates which were not 
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observed in the study.  In fact, the mortality and malformation rates were similar to Test 

25, and both tests had far less mortality and malformations than the allowed 10% in the 

negative and vehicle controls.   

 

Water Sample Preparation – Triclocarban 

 From each water sample collected, a 100 µL aliquot was transferred to the insert 

of a two mL amber vial.  In addition four control vials were also prepared:  a method 

blank, a method blank spike and two matrix spikes.  To each vial, 10 µl of labeled 

triclocarban (1 µg/mL) was added.  In addition, 10 µL of native triclocarban (1 µg/mL) 

was added to the control spike samples only.  Except for some dilution, triclocarban 

water samples do not require any additional processing.  If diluted, the ratio of internal 

standard to final sample size was kept the same.  The samples were vortexed and, at 

this point, the samples were ready for analysis using LC/MS.   

The results for the triclocarban FETAX water samples are presented in Table E-

2.  For this study, the recovery for the blank spike was 85.4% and the matrix spikes 

were 45.5% and 119.9%, with a mean of 82.7%.  The actual values obtained for the test 

solutions are much lower than the expected nominal values.  This difference in 

concentrations may be due to technician error when preparing the test solutions, dilution 

error when preparing the samples for analysis, or the absorption of triclocarban to 

glassware and instrument tubing during sample processing.   
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Bioaccumulation Studies 

 For the bioaccumulation studies, water samples were prepared as described 

below.    

 

Water Sample Preparation – Triclosan 

From each water sample collected, a 100 µL aliquot was transferred to a glass 

vial.  If a treatment concentration was low (< 0.2 mg/L), a larger aliquot was used, 

however, the ratio of internal standard to final sample size was kept the same.  In 

addition to the treatment samples, four control vials were also prepared:  a method 

blank, a method blank spike and two matrix spikes.  To each vial, 10 µl of labeled 

triclosan (5 µg/mL) and labeled methyl triclosan (5 µg/mL), which were the internal 

standards, were added along with one mL of purified water and one mL of methylene 

chloride.  In addition, 10 µL of native triclosan (5 µg/mL) and native methyl triclosan (5 

µg/mL) were added to the control spike samples only.  The samples were vortexed and 

the water was siphoned off the top of the sample using a glass Pasteur pipette.  The 

samples were evaporated under nitrogen until dry.  The samples were then derivitized.   

After evaporating the samples under nitrogen until dry, 50 µL of acetonitrile and 50 µL of 

N-Methyl-N-trimethylsilyltrifluoroacetamide (MSTFA) were added to each sample.  The 

samples were placed in an oven for two hours at 60°C.  After the two hour incubation 

period, the samples were again evaporated under nitrogen until dry.  The dried residues 

were resolubilized with 10 µL of MSTFA and 90 µL of methylene chloride, vortexed, and 

transferred to the glass insert of a two mL amber vial.  At this point the samples were 

ready for analysis using GC/MS.  By incubating the samples with a MSTFA mixture, the 

154 

 



polar hydroxyl group was removed from the parent compound and a TMS ether 

derivative was formed.  This process improves the overall chromatography and 

increases the detection capabilities of the GC/MS because the peaks are higher and 

narrower.   

The results for the triclosan bioaccumulation water samples are presented in 

Tables E-3 (0-wk), E-4 (4-wk) and E-5 (8-wk).    For the 0-wk bioaccumulation test, a 

blank spike was not included but the matrix spikes had recoveries of 81.2% and 84.1% 

with a mean of 82.6%.  In addition, the values obtained from GC/MS analysis were 

close to the expected nominal concentrations.  For the first 4-wk bioaccumulation test, 

the blank spike had a 91.0% recovery and the matrix spikes had recoveries of 103.2% 

and 95.6%, with a mean recovery of 99.4%.  The calculated concentrations were in 

fairly good agreement with the expected nominal values, especially at the lower and 

mid-level treatment concentrations.  For the second 4-wk bioaccumulation test, all of the 

spiked samples were not detectable, most likely from neglecting to add the internal 

standards.  However, the calculated concentrations were again in fairly good agreement 

with the nominal values with most of the weekly treatment averages being slightly 

higher than expected.  For the first 8-wk study, again all of the spike samples were not 

detectable, most likely from neglecting to add the internal standards.  The calculated 

concentrations were in fairly good agreement with the nominal values, but for this study, 

several of the weekly treatment averages were slightly lower than expected.  For the 

second 8-wk study, the blank spike had a recovery of 197.7% and the matrix spikes had 

recoveries of 248.4% and 207.0%, with a mean of 227.7%.  The high values obtained 

for the spikes may be due to either the incorrect preparation of the standards or the 
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standards may have been added twice to each sample.  The calculated concentrations 

were again in fairly good agreement with the expected nominal values. 

 

Water Sample Preparation – Triclocarban 

 Triclocarban water samples were prepared using the same methodology as 

described for the triclocarban FETAX assays.  In addition, the FETAX assay and 0-

week bioaccumulation study were conducted at the same time and used the same test 

materials.  Comments on the results of the water sample analysis for the 0-week 

bioaccumulation study are noted above in the FETAX section and the data are 

presented in Table E-2.  All other triclocarban bioaccumulation water sample results are 

presented in Tables E-6 (4-wk) and E-7 (8-wk).  For the first 4-wk bioaccumulation 

study, the blanks spike had a recovery of 112.2% and the matrix spikes had recoveries 

of 134.1% and 58.8%, with a mean of 96.4%.  The calculated concentrations were 

extremely low compared to the expected nominal values.  For the second 4-wk study, 

the blank spike had a recovery of 102.1%, and the matrix spikes had recoveries of 

141.2% and 102.7%, with a mean of 122.0%.  The calculated concentrations again 

were extremely low compared to the expected nominal values.  For the first 8-wk study, 

the blank spike had a recovery of 112.2% and the matrix spikes had recoveries of 

134.1% and 58.8%, with a mean recovery of 96.4%.  The calculated concentrations for 

this study were better than those obtained for the 4-wk studies, but still lower than the 

expected nominal values.  For the second 8-wk study, the blank spike had a recovery of 

102.1% and the matrix spikes had recoveries of 141.2% and 102.7%, with a mean 

recovery of 122.0%.  Calculated concentrations were again lower than expected.  For 
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the third 8-wk study, the blank spike had a recovery of 95.3% and the matrix spikes had 

recoveries of 95.9% and 109.3%, with a mean of 102.6%.  The calculated 

concentrations for this study were again very low compared to expected nominal values.  

For all of the triclocarban bioaccumulation studies discussed above, the low calculated 

concentrations may be due to technician error when preparing the test solutions, dilution 

error when preparing the samples for analysis, the adsorption of triclocarban to organic 

particles (food, feces) or the adsorption of triclocarban to glassware and instrument 

tubing during sample processing.   

 

Studies to Assess Effects of Triclosan on Metamorphosis 

Samples were collected at various intervals throughout each study in order to 

confirm nominal concentrations.  Due to the lower, more environmentally relevant 

concentrations used in these studies, larger samples up to one liter in size were 

collected and refrigerated until analyzed. 

 

Time-to-Metamorphosis Study 

For this study, samples were collected on three different dates, labeled and 

refrigerated.  Samples were collected from all 12 tanks, yielding two samples per 

treatment for each collection date.  For analysis, a 10 mL aliquot was used for the 

negative control, the vehicle control and the high concentration (70.0 ppb).  For all other 

treatments (7.0, 0.7 and 0.07 ppb), an entire liter of sample was used for analysis.  The 

samples were concentrated using solid phase extraction (SPE) with a PrepSep™ 24-

Port Vacuum Manifold and Millipore® Vacuum Pump.  The samples were concentrated 
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through either three or six mL Waters Oasis® (Milford, Massachusetts) extraction 

cartridges.  To begin, the cartridges were conditioned by allowing 10 mL of methylene 

chloride to run through them followed by 10 mL of methanol and 10 mL of deionized 

water.  Care was taken to ensure that the bed of the cartridge did not dry out between 

or after conditioning cycles.  While the cartridges were conditioning, the samples were 

prepared along with a method blank, a method blank spike and two matrix spikes.  To 

each sample or control, 10 µL of labeled triclosan (5 µg/mL) and labeled methyl 

triclosan (5 µg/mL) were added.  In addition, 10 µL of native triclosan (5 µg/mL) and 

native methyl triclosan (5 µg/mL) were added to the control spike samples only.  The 

samples were then pumped through the cartridges at a uniform flow rate of 

approximately four to five mL per minute.  Once the entire sample was concentrated in 

the cartridge, the cartridge was allowed to dry at full vacuum pressure for at least 30 

minutes.  The samples were eluted out of the cartridge using 20 mL of 9:1 methylene 

chloride:methanol.  The samples were then evaporated under nitrogen to dryness using 

the RapidVap Vacuum Evaporation System (Labconco Corporation, Kansas City, MO).  

After evaporation, the samples were derivatized by reconstituting in a mixture of 50 µL 

of acetonitrile and 50 µL of MSTFA, vortexed, placed in an oven for two hours at 60°C 

and again evaporated until dry.  By incubating the samples with a MSTFA mixture, the 

polar hydroxyl group was removed from the parent compound and a TMS ether 

derivative was formed.  This process improves the overall chromatography and 

increases the detection capabilities of the GC/MS because the peaks are higher and 

narrower.  The final reconstitution solution consisted of 10 µL of MSTFA and 90 µL of 
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methylene chloride.  The samples were vortexed and transferred to the insert of a two 

mL amber vial.  At this point the samples are ready for analysis using the GC/MS.   

The results for the time-to-metamorphosis study water samples are presented in Table 

E-8.  The blank spike had a recovery of 118.8% and the matrix spikes had recoveries of 

121.8% and 139.1%, with a mean recovery of 130.4%.  The calculated values for this 

study are not useable.  The negative and vehicle control samples appear to have been 

contaminated and have very high average triclosan values.  For the exposed treatment 

samples, calculated values are extremely low compared to expected nominal values.  

This result is not completely unexpected because triclosan is known to adsorb to 

organic particles (food, feces, algae) as well as the glassware and tubing used in the 

experiment (mixing chambers, aquariums) and used during sample processing.  As the 

study progressed, more and more organic materials accumulated in the aquariums, 

even with regular cleaning, and a biofilm appeared at the surface of the water.   In 

addition, some of the triclosan would have been taken up by the tadpoles during the 

exposure.  Therefore, for a two month long flow-thru study, some loss of triclosan was 

expected. Other losses of triclosan may be attributed to technician error when preparing 

the test solutions or dilution error when preparing the samples for analysis.  

 

Hind Limb Development Study 

For the hind limb development study, samples were collected on three different 

dates, labeled and refrigerated.  Samples were collected from all 12 tanks, yielding two 

samples per treatment for each collection date.  For analysis, a 1 mL aliquot was used 

for the negative control, the vehicle control and the high concentration (70.0 ppb); a 10 
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mL aliquot was used for the 7.0 ppb treatment; a 100 mL aliquot was used for the 0.7 

ppb treatment; and a 1 L sample was used for the 0.07 ppb treatment.  The samples 

were prepared the same as described for the time-to-metamorphosis study except that 

they were not derivatized.  After the initial evaporation with the RapidVap, the samples 

were reconstituted in 100 µL of methylene chloride, vortexed and transferred to the 

insert of a 2 mL amber vial. 

 The results for the hind limb development study water samples are presented in 

Table E-9.  The blank spike had a recovery of 82.9% and the matrix spikes had 

recoveries of 110.8% and 115.7%, with a mean recovery of 113.2%.  No triclosan was 

detected in any of the negative or vehicle control samples.  In addition, for the 0.07 ppb 

and 0.7 ppb treatment samples, the average calculated concentrations are in good 

agreement with the expected nominal values.  For the 7.0 ppb and 70.0 ppb the 

average calculated concentrations were lower than the expected nominal values.  In 

fact, for all of the sample treatments, the calculated values decreased over time 

generally getting lower with each sampling date.  This result is typical for long term 

experiments with triclosan.  As studies progress, more and more organic materials 

(food, feces, algae) accumulate in the aquariums, even with regular cleaning,  and a 

biofilm appears at the surface of the water.   Triclosan is known to adsorb to organic 

particles as well as glassware such as the aquariums and vials used during sample 

collection and processing.  In addition, some of the triclosan would have been taken up 

by the tadpoles during the exposure.  Therefore, for a month long static renewal study, 

some loss of triclosan over time was expected. Other losses of triclosan may be 
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attributed to technician error when preparing the test solutions or dilution error when 

preparing the samples for analysis.  

 

Tail Resorption Study 

For the tail resorption study, samples were collected on two different dates, 

labeled and refrigerated.  Samples were collected from all 12 tanks, yielding two 

samples per treatment for each collection date.  For analysis, a 1 mL aliquot was used 

for the negative control and the vehicle control; a 16 mL aliquot was used for the 70.0 

ppb treatment; a 990 mL aliquot was used for the 7.0 ppb treatment; an 850 mL aliquot 

was used for the 0.7 ppb treatment; and a 1 L sample was used for the 0.07 ppb 

treatment.  The samples were prepared the same as described for the hind limb 

development study. 

The results for the tail resorption study water samples are presented in Table E-

10.  The blank spike had a recovery of 108.0% and the matrix spikes had recoveries of 

103.0% and 105.3%, with a mean recovery of 104.2%.  No triclosan was detected in 

any of the negative or vehicle control samples.  However, the calculated concentrations 

were much lower than the expected nominal values.  This result is not completely 

unexpected because triclosan is known to adsorb to organic particles (food, feces, 

algae) as well as the glassware and tubing used in the experiment (mixing chambers, 

aquariums) and used during sample processing.  As the study progressed, more and 

more organic materials accumulated in the aquariums, even with regular cleaning, and 

a biofilm appeared at the surface of the water.   In addition, some of the triclosan would 

have been taken up by the tadpoles during the exposure.  Therefore, for a one month 

161 

 



long flow-thru study, some loss of triclosan was expected, although not as much or as 

quickly as observed in this study. Other losses of triclosan may be attributed to 

technician error when preparing the test solutions or dilution error when preparing the 

samples for analysis.  

 

Partitioning Study – Triclocarban 

 For the triclocarban partitioning study, test solutions were prepared fresh each 

day.  Therefore, water samples were collected daily, labeled and refrigerated until 

analyzed.  From each water sample collected, a 1 mL aliquot was transferred to a glass 

vial.  In addition four control vials were also prepared:  a method blank, a method blank 

spike and two matrix spikes.  To each vial, 10 µl of labeled triclocarban (1 µg/mL) was 

added.  In addition, 10 µL of native triclocarban (1 µg/mL) was added to the control 

spike samples only.  One mL of methylene chloride was added to each vial and the 

samples were vortexed.  Excess water was removed off the top of the samples using a 

glass Pasteur pipette.  The samples were evaporated under nitrogen until dry then 

reconstituted in 100 µL of a 1:1 solution of acetonitrile and deionized water.  The 

samples were transferred to the insert of a 2 mL amber vial.  At this point, the water 

samples were ready for analysis using LC/MS.   

To analyze the feces, 10 µl of labeled triclocarban (1 µg/mL) was added to each 

sample vial and the vials were sonicated for one hour.  After sonification, two mLs of 

methylene chloride was added to each vial and the samples were vortexed.  Excess 

water was removed off the top of the samples using a glass Pasteur pipette.  The 

samples were evaporated under nitrogen until dry then reconstituted in 100 µL of 
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acetonitrile.  The samples were transferred to the insert of a 2 mL amber vial.   At this 

point, the feces samples were ready for analysis using LC/MS.   

The results of the triclocarban partitioning study water samples are presented in 

Table E-11.  The blank spike had a recovery of 84.85 and the matrix spikes had 

recoveries of 108.8% and 108.1%, with a mean recovery of 108.4%.  The calculated 

values were about half of the expected nominal values for each sampling date.  The 

samples were collected prior to being used in the study, so loss cannot be attributed to 

adsorption to organic particles.  However, the low calculated concentrations may be due 

to technician error when preparing the test solutions, dilution error when preparing the 

samples for analysis, or the adsorption of triclocarban to glassware and instrument 

tubing during sample processing.   

 

Gas Chromatography/Mass Spectrometry (GC/MS) 

All triclosan water and tissue samples were analyzed using an Agilent (Palo Alto, 

CA) 6890 GC and 5973 mass selective detector MS.  Triclosan was quantified by 

isotopic dilution method using an eight point calibration curve ranging from 50 to 1000 

ppb (linear-curve fit).  Values were obtained by plotting the relative response factors 

against relative concentrations.  The internal standards added to each sample were at a 

concentration of 500 ppb.  The mass spectrometer functioned in the single-ion 

monitoring mode.  This mode monitored the target ion as well as three confirmatory 

masses with a dwell time of 50 ms.  The conditions of the gas chromatograph included 

a helium carrier gas at 480 hPa, an inlet temperature of 260°C and a column 

temperature initially of 40°C with a one minute hold, followed by a 15°C/min ramp to 
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180°C with a zero minute hold, followed by a 4°C/min ramp to 250°C with a zero minute 

hold, followed by a 15°C/min ramp to 300°C with a 23 minute hold.  Samples were 

autoinjected (2 µL) in a splitless mode under constant pressure (1,700 hPa for 0.5 

minutes).  The column was an Econo-Cap phase 5 capillary column, 30 m long with an 

inner diameter of 0.25 mm and a film thickness of 0.25 µm (Alltech, Deerfield, IL).   

 

Liquid Chromatography/Mass Spectrometry (LC/MS) 

 Triclocarban water and tissue samples were analyzed using an Agilent (Palo 

Alto, CA) 1100 liquid chromatography-mass spectrometry system in conjunction with a 

model SL ion-trap mass spectrometer.  Triclocarban was quantified by isotopic dilution 

method using an eight point calibration curve ranging from 32 to 1000 ppb (linear-curve 

fit).  Values were obtained by plotting the relative response factors against relative 

concentrations.  The internal standards added to each sample were at a concentration 

of 100 ppb.  The column was a monomeric, non-endcapped C18 Zorbax column, 2.1 

mm long and 150 mm inner diameter (Bloomington, DE), with a 5 µm particle size and a 

80 Å pore size.  The samples were autoinjected, maintaining a constant flow rate of 300 

µL/min.  Initially, the samples were injected in a 70% mobile phase B, that includes 95% 

acetonitrile and 5% water with 5 mM ammonium acetate, and a 30% mobile phase A, 

that includes 95% water and 5% acetonitrile with 5 mM ammonium acetate.  This phase 

was held for 1.0 minute then ramped to an 85% mobile phase B for nine minutes then 

ramped to 100% mobile phase B for 15 minutes then returned to the 70% mobile phase 

for an additional 10 minutes (total time of 35 minutes).  Both triclocarban and labeled 

triclocarban eluted at 7.5 minutes.  The ion trap functioned in the negative ion multi-
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reaction monitoring mode which isolated m/z 313 and 315 for native triclocarban and 

m/z 320 and 322 for labeled triclocarban.  The ions were fragmented, yielding daughter 

ions at m/z 160 for triclocarban and m/z 163 for labeled triclocarban.  The electrospray 

functioned with a nebulizer pressure of 2.100 hPA and a nitrogen gas flow rate of 

8L/min at 350°C.  



Table E-1.  Water sample results for triclosan FETAX studies using an Abraxis ELISA 
assay 

 
FETAX Assay – Triclosan Test #1* (025) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(Std. Dev.) 

% CV 
Abraxis kit control 0.0005 0.0009 NA 
Abraxis kit control 0.0005 0.0006 

Neg. Ctrl. 
12/11/06 

0 0.0001  
 
 
 

0.00095 
(0.0018) 

189 

Neg. Ctrl. 
12/12/06 

0 0.0036 

Neg. Ctrl. 
12/12/06 QC 

0 0.0026 

Neg. Ctrl. 
12/13/06 

0 0.0001 

Neg. Ctrl. 
12/14/06 

0 0.0000 

Vehicle Ctrl. 
12/11/06 

0 0.0001  
 
 
 

0.0002 
(0.0001) 

50 

Vehicle Ctrl. 
12/12/06 

0 0.0004 

Vehicle Ctrl. 
12/13/06 

0 0.0002 

Vehicle Ctrl. 
12/13/06 QC 

0 0.0003 

Vehicle Ctrl. 
12/14/06 

0 0.0001 

0.25 mg/L 
12/11/06 

0.25 0.4132  
 
 
 

0.31325 
(0.1069) 

34.1 
 

0.25 mg/L 
12/12/06 

0.25 0.2070 

0.25 mg/L 
12/13/06 

0.25 0.3970 

0.25 mg/L 
12/14/06 

0.25 0.2358 

0.25 mg/L 
12/14/06 QC 

0.25 0.2939 
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Table E-1.  Water sample results for triclosan FETAX studies using an Abraxis ELISA 
assay (cont.) 

 
FETAX Assay – Triclosan Test #1* (025) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(Std. Dev.) 

% CV 
0.5 mg/L 
12/11/06 

0.5 0.7328  
 
 

0.7593 
(0.1913) 

25.2 
 

0.5 mg/L 
12/12/06 

0.5 0.5591 

0.5 mg/L 
12/13/06 

0.5 1.0198 

0.5 mg/L 
12/14/06 

0.5 0.7255 

0.75 mg/L 
12/11/06 

0.75 0.8730  
 
 
 

0.9486 
(0.2037) 

21.5 

0.75 mg/L 
12/12/06 

0.75 0.7074 

0.75 mg/L 
12/13/06 

0.75 1.1790 

0.75 mg/L 
12/14/06 

0.75 1.0350 

0.75 mg/L 
12/14/06 QC 

0.75 1.0455 

1.0 mg/L 
12/11/06 

1.0 1.4509  
 

1.3007 
(0.3700) 

28.4 

1.0 mg/L 
12/12/06 

1.0 0.8793 

mg/L 
12/13/06 

1.0 1.5720 
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Table E-1.  Water sample results for triclosan FETAX studies using an Abraxis ELISA 
assay (cont.) 

 
FETAX Assay – Triclosan Test #2** (026) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(Std. Dev.) 

% CV 
Abraxis kit control 0.0005 0.0007 NA 
Abraxis kit control 0.0005 0.0007 

Neg. Ctrl. 
2/5/07 

0 0.0831  
 
 

3.7834 
(4.3091) 

114 
 
 
 

Neg. Ctrl. 
2/6/07 

0 0.0421 

Neg. Ctrl. 
2/7/07 

0 7.0995 

Neg. Ctrl. 
2/8/07 

0 7.9089 

Vehicle Ctrl. 
2/5/07 

0 0.0484  
 
 
 

3.5710 
(4.0780) 

114 
 
 
 
 

Vehicle Ctrl. 
2/6/07 

0 0.0339 

Vehicle Ctrl. 
2/7/07 

0 6.9478 

Vehicle Ctrl. 
2/8/07 

0 7.2544 

Vehicle Ctrl. 
2/8/07 QC 

0 5.9091 

0.25 mg/L 
2/5/07 

0.25 0.2925  
 
 

0.7735 
(0.3348) 

43.3 
 
 
 

0.25 mg/L 
2/6/07 

0.25 1.0124 

0.25 mg/L 
2/7/07 

0.25 0.9908 

0.25 mg/L 
2/8/07 

0.25 0.7984 
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Table E-1.  Water sample results for triclosan FETAX studies using an Abraxis ELISA 
assay (cont.) 

 
FETAX Assay – Triclosan Test #2** (026) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(Std. Dev.) 

% CV 
0.5 mg/L 
2/5/07 

0.5 1.5292  
 
 
 

1.3448 
(0.2013) 

15.0 

0.5 mg/L 
2/6/07 

0.5 1.0594 

0.5 mg/L 
2/7/07 

0.5 1.4179 

0.5 mg/L 
2/8/07 

0.5 1.3727 

0.5 mg/L 
2/8/07 QC 

0.5 1.5626 

0.75 mg/L 
2/5/07 

0.75 0.6920  
 
 

1.6044 
(1.0254) 

63.9 

0.75 mg/L 
2/6/07 

0.75 0.8871 

0.75 mg/L 
2/7/07 

0.75 1.9300 

0.75 mg/L 
2/8/07 

0.75 2.9088 

1.0 mg/L 
2/5/07 

1.0 1.1086  
 
 

2.6254 
(2.3745) 

90.4 
 

1.0 mg/L 
2/6/07 

1.0 1.4058 

1.0 mg/L 
2/7/07 

1.0 5.3619 

1.0 mg/L 
2/7/07 QC 

1.0 6.0380 

* Standard Curve Statistics:  slope -35.15; intercept 39.44; r squared 0.99 
** Standard Curve Statistics:  slope -36.18; intercept 36.70; r squared 0.99 
NA = Not Applicable 
QC = Quality Control:  Several samples were duplicated as a check for test accuracy 
and precision; QC results were not included in the weekly average. 
CV = coefficient of variation 
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Table E-2.  Water sample results for the triclocarban FETAX and 0-week 
bioaccumulation studies using LC/MS 

 
FETAX and 0 Week Age Group – Triclocarban Test #1* (065) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(Std. Dev.) 

% CV 
Vehicle Ctrl. 

3/19/10 
0 -0.0050  

 
 

-0.0042 
(0.0008) 

-19.4 

Vehicle Ctrl. 
3/20/10 

0 -0.0038 

Vehicle Ctrl. 
3/21/10 

0 -0.0046 

Vehicle Ctrl. 
3/22/10 

0 -0.0032 

1.0 mg/L 
3/19/10 

1.0 0.6303  
 
 

0.4630 
(0.1833) 

39.6 

1.0 mg/L 
3/20/10 

1.0 0.2270 

1.0 mg/L 
3/21/10 

1.0 0.5832 

1.0 mg/L 
3/22/10 

1.0 0.4117 

2.0 mg/L 
3/19/10 

2.0 0.0811  
 
 

0.3485 
(0.2602) 

74.7 

2.0 mg/L 
3/20/10 

2.0 0.1696 

2.0 mg/L 
3/21/10 

2.0 0.5716 

2.0 mg/L 
3/22/10 

2.0 0.5718 

3.0 mg/L 
3/19/10 

3.0 0.8074  
 
 

0.7798 
(0.2150) 

27.6 

3.0 mg/L 
3/20/10 

3.0 0.5204 

3.0 mg/L 
3/21/10 

3.0 1.0436 

3.0 mg/L 
3/22/10 

3.0 0.7480 
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Table E-2.  Water sample results for the triclocarban FETAX and 0-week 
bioaccumulation studies using LC/MS (cont.) 

 
FETAX and 0 Week Age Group – Triclocarban Test #1* (065) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(Std. Dev.) 

% CV 
4.0 mg/L 
3/19/10 

4.0 1.0060  
 
 

0.8612 
(0.3096) 

36.0 

4.0 mg/L 
3/20/10 

4.0 0.4018 

4.0 mg/L 
3/21/10 

4.0 0.9632 

4.0 mg/L 
3/22/10 

4.0 1.0738 

5.0 mg/L 
3/19/10 

5.0 0.5734  
 
 

1.3234 
(0.7608) 

57.5 

5.0 mg/L 
3/20/10 

5.0 1.8488 

5.0 mg/L 
3/21/10 

5.0 2.0962 

5.0 mg/L 
3/22/10 

5.0 0.7752 

10.0 mg/L 
3/19/10 

10.0 0.3315  
 
 

6.4411 
(11.3155) 

176 

10.0 mg/L 
3/19/10 

10.0 23.394 

10.0 mg/L 
3/19/10 

10.0 1.57 

10.0 mg/L 
3/19/10 

10.0 0.469 

Analytical Chemistry Quality Control Data 
Controls Expected Conc. 

pg/µL 
Actual Conc. 

pg/µL 
% Recovery 

Blank 0 -0.5 NA 
Blank Spike 100 85.4 85.4 

Matrix Spike 1 100 45.5 45.5 
Matrix Spike 2 100 119.9 119.9 

*The 4.0 mg/L and 5.0 mg/L treatment samples were diluted 50% prior to analysis in the 
LC/MS and the 10.0 mg/L treatment samples were diluted 80%.  None of the other 
treatments were diluted. 
NA = not applicable; CV = coefficient of variation 
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Table E-3.  Water sample results for the 0-week age group triclosan bioaccumulation 
Study using GC/MS 

 
0 Week Age Group – Triclosan Test #1* (071) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(Std. Dev.) 

% CV 
Vehicle Ctrl. 

4/13/10 
0 -0.0057  

 
 

-0.0009 
(0.0096) 

-1096 

Vehicle Ctrl. 
4/14/10 

0 0.0136 

Vehicle Ctrl. 
4/15/10 

0 -0.0058 

Vehicle Ctrl. 
4/16/10 

0 -0.0056 

0.75 mg/L 
4/13/10 

0.75 0.7410  
 
 

0.7374 
(0.0602) 

8.2 

0.75 mg/L 
4/14/10 

0.75 0.7607 

0.75 mg/L 
4/15/10 

0.75 0.7947 

0.75 mg/L 
4/16/10 

0.75 0.6534 

0.875 mg/L 
4/13/10 

0.875 0.8716  
 
 

0.8218 
(0.0711) 

8.6 

0.875 mg/L 
4/14/10 

0.875 0.8150 

0.875 mg/L 
4/15/10 

0.875 0.8770 

0.875 mg/L 
4/16/10 

0.875 0.7238 

1.0 mg/L 
4/13/10 

1.0 1.0039  
 
 

0.9603 
(0.0403) 

4.2 

1.0 mg/L 
4/14/10 

1.0 0.9679 

1.0 mg/L 
4/15/10 

1.0 0.9063 

1.0 mg/L 
4/16/10 

1.0 0.9631 
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Table E-3.  Water sample results for the 0-week age group triclosan bioaccumulation 
Study using GC/MS (cont.) 

 
0 Week Age Group – Triclosan Test #1* (071) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(Std. Dev.) 

% CV 
1.25 mg/L 
4/13/10 

1.25 1.3432  
 
 

1.2704 
(0.0526) 

4.1 

1.25 mg/L 
4/14/10 

1.25 1.2225 

1.25 mg/L 
4/15/10 

1.25 1.2715 

1.25 mg/L 
4/16/10 

1.25 1.2442 

1.5 mg/L 
4/13/10 

1.5 1.6066  
 

1.5305 
(0.0660) 

4.3 

1.5 mg/L 
4/14/10 

1.5 1.4909 

1.5 mg/L 
4/15/10 

1.5 1.4939 

1.75 mg/L 
4/13/10 

1.75 1.8111  
 

1.6978 
(0.1048) 

6.2 

1.75 mg/L 
4/14/10 

1.75 1.6779 

1.75 mg/L 
4/15/10 

1.75 1.6044 

2.0 mg/L 
4/13/10 

2.0 1.8961  
 

1.7883 
(0.1212) 

6.8 

2.0 mg/L 
4/14/10 

2.0 1.6571 

2.0 mg/L 
4/15/10 

2.0 1.8118 

Analytical Chemistry Quality Control Data 
Controls Expected Conc. 

pg/µL 
Actual Conc. 

pg/µL 
% Recovery 

Blank 1 0 -1.72 NA 
Blank 2 0 -9.98 NA 

Matrix Spike 1 500 405.96 81.19 
Matrix Spike 2 500 420.34 84.07 

*All samples from all treatments were concentrated 2X prior to analysis. 
NA = not applicable; CV = coefficient of variation 
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Table E-4.  Water sample results for the 4-week age group triclosan bioaccumulation 
studies using GC/MS 

 
4 Week Age Group – Triclosan Test #1* (045) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(Std. Dev.) 

% CV 
Vehicle Ctrl. 

10/1/07 
0 ND  

 
 

ND 
Vehicle Ctrl. 

10/2/07 
0 ND 

Vehicle Ctrl. 
10/3/07 

0 ND 

Vehicle Ctrl. 
10/4/07 

0 ND 

0.1 mg/L 
10/1/07 

0.1 0.1359  
 
 

0.1582 
(0.1301) 

82.2 

0.1 mg/L 
10/2/07 

0.1 0.3332 

0.1 mg/L 
10/3/07 

0.1 0.1455 

0.1 mg/L 
10/4/07 

0.1 0.0184 

0.2 mg/L 
10/1/07 

0.2 0.2610  
 
 

0.1807 
(0.0916) 

50.7 

0.2 mg/L 
10/2/07 

0.2 0.1699 

0.2 mg/L 
10/3/07 

0.2 0.2360 

0.2 mg/L 
10/4/07 

0.2 0.0560 

0.3 mg/L 
10/1/07 

0.3 0.2367  
 
 

0.1986 
(0.0802) 

40.4 

0.3 mg/L 
10/2/07 

0.3 0.1679 

0.3 mg/L 
10/3/07 

0.3 0.2869 

0.3 mg/L 
10/4/07 

0.3 0.1031 
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Table E-4.  Water sample results for the 4-week age group triclosan bioaccumulation 
studies using GC/MS (cont.) 

 
4 Week Age Group – Triclosan Test #1* (045) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(Std. Dev.) 

% CV 
0.4 mg/L 
10/1/07 

0.4 0.3741  
 
 

0.2570 
(0.1356) 

52.8 

0.4 mg/L 
10/2/07 

0.4 0.2059 

0.4 mg/L 
10/3/07 

0.4 0.3596 

0.4 mg/L 
10/4/07 

0.4 0.0887 

0.5 mg/L 
10/1/07 

0.5 1.22988  
 

0.6286 
(0.4534) 

72.1 

0.5 mg/L 
10/2/07 

0.5 0.3521 

0.5 mg/L 
10/3/07 

0.5 0.5148 

0.5 mg/L 
10/4/07 

0.5 0.3488 

0.6 mg/L 
10/1/07 

0.6 0.5800  
0.2520 

(0.2859) 
113 

 

0.6 mg/L 
10/2/07 

0.6 0.1208 

0.6 mg/L 
10/3/07 

0.6 0.0552 

0.7 mg/L 
10/1/07 

0.7 0.4918 0.4918 
(NA) 
NA 

 
Analytical Chemistry Quality Control Data 

Controls Expected Conc. 
pg/µL 

Actual Conc. 
pg/µL 

% Recovery 

Blank 1 0 ND NA 
Blank Spike 500 455.18 91.036 

Matrix Spike 1 500 516.24 103.248 
Matrix Spike 2 500 477.75 95.550 
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Table E-4.  Water sample results for the 4-week age group triclosan bioaccumulation 
studies using GC/MS (cont.) 

 
4 Week Age Group – Triclosan Test #2** (048) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(Std. Dev.) 

% CV 
Vehicle Ctrl. 

11/5/07 
0 ND  

 
 

ND 
Vehicle Ctrl. 

11/6/07 
0 ND 

Vehicle Ctrl. 
11/7/07 

0 ND 

Vehicle Ctrl. 
11/8/07 

0 ND 

0.1 mg/L 
11/5/07 

0.1 0.1326  
 
 

0.1440 
(0.0401) 

27.8 

0.1 mg/L 
11/6/07 

0.1 0.1128 

0.1 mg/L 
11/7/07 

0.1 0.2028 

0.1 mg/L 
11/8/07 

0.1 0.1276 

0.15 mg/L 
11/5/07 

0.15 0.1374  
 
 

0.1992 
(0.0506) 

25.4 

0.15 mg/L 
11/6/07 

0.15 0.1785 

0.15 mg/L 
11/7/07 

0.15 0.2434 

0.15 mg/L 
11/8/07 

0.15 0.2376 

0.2 mg/L 
11/5/07 

0.2 0.2847  
 
 

0.2493 
(0.0893) 

35.8 

0.2 mg/L 
11/6/07 

0.2 0.2510 

0.2 mg/L 
11/7/07 

0.2 0.3356 

0.2 mg/L 
11/8/07 

0.2 0.1260 
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Table E-4.  Water sample results for the 4-week age group triclosan bioaccumulation 
studies using GC/MS (cont.) 

 
4 Week Age Group – Triclosan Test #2** (048) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(Std. Dev.) 

% CV 
0.25 mg/L 
11/5/07 

0.25 0.3826  
 
 

0.3531 
(0.0298) 

8.4 
 
 
 

0.25 mg/L 
11/6/07 

0.25 0.3208 

0.25 mg/L 
11/7/07 

0.25 0.3738 

0.25 mg/L 
11/8/07 

0.25 0.3351 

0.3 mg/L 
11/5/07 

0.3 0.3590  
 

0.3661 
(0.0564) 

15.4 

0.3 mg/L 
11/6/07 

0.3 0.3561 

0.3 mg/L 
11/7/07 

0.3 0.4428 

0.3 mg/L 
11/8/07 

0.3 0.3068 

0.35 mg/L 
11/5/07 

0.35 0.5879  
 

0.4944 
(0.0750) 

15.2 
 

0.35 mg/L 
11/6/07 

0.35 0.4463 

0.35 mg/L 
11/7/07 

0.35 0.5207 

0.35 mg/L 
11/8/07 

0.35 0.4227 

0.4 mg/L 
11/5/07 

0.4 0.3823  
 

0.3949 
(0.1702) 

43.1 

0.4 mg/L 
11/6/07 

0.4 0.2313 

0.4 mg/L 
11/7/07 

0.4 0.5710 
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Table E-4.  Water sample results for the 4-week age group triclosan bioaccumulation 
studies using GC/MS (cont.) 

Analytical Chemistry Quality Control Data 
Controls*** Expected Conc. 

pg/µL 
Actual Conc. 

pg/µL 
% Recovery 

Blank 1 0 ND NA 
Blank Spike 500 ND NA 

Matrix Spike 1 500 ND NA 
Matrix Spike 2 500 ND NA 

*Samples from the 0.1 mg/L and 0.2 mg/L treatments were concentrated 5X prior to 
analysis. 
**None of the samples were diluted or concentrated prior to analysis. 
***No internal standards were added to the control samples so the concentrations could 
not be calculated. 
ND = not detectable 
NA = not applicable 
CV = coefficient of variation 
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Table E-5.  Water sample results for the 8-week age group triclosan bioaccumulation 
studies using GC/MS 

 
8 Week Age Group – Triclosan Test #1* (046) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(Std. Dev.) 

% CV 
Vehicle Ctrl. 

10/29/07 
0 ND  

 
 

ND 
Vehicle Ctrl. 

10/30/07 
0 ND 

Vehicle Ctrl. 
10/3107 

0 ND 

Vehicle Ctrl. 
11/1/07 

0 ND 

0.1 mg/L 
10/29/07 

0.1 0.1428  
 
 

0.1105 
(0.0390) 

35.3 

0.1 mg/L 
10/30/07 

0.1 0.0973 

0.1 mg/L 
10/31/07 

0.1 0.1409 

0.1 mg/L 
11/1/07 

0.1 0.0612 

0.2 mg/L 
10/29/07 

0.2 0.2041  
 
 

0.1491 
(0.0541) 

36.3 

0.2 mg/L 
10/30/07 

0.2 0.1136 

0.2 mg/L 
10/31/07 

0.2 0.0930 

0.2 mg/L 
11/1/07 

0.2 0.1856 

0.3 mg/L 
10/29/07 

0.3 0.3434  
 

0.1868 
(0.1159) 

62.0 
 

0.3 mg/L 
10/30/07 

0.3 0.0962 

0.3 mg/L 
10/31/07 

0.3 0.2057 

0.3 mg/L 
11/1/07 

0.3 0.1018 
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Table E-5.  Water sample results for the 8-week age group triclosan bioaccumulation 
studies using GC/MS (cont.) 

 
8 Week Age Group – Triclosan Test #1* (046) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(Std. Dev.) 

% CV 
0.4 mg/L 
10/29/07 

0.4 0.4138  
 

0.2324 
(0.1255) 

54.0 

0.4 mg/L 
10/30/07 

0.4 0.1281 

0.4 mg/L 
10/31/07 

0.4 0.2092 

0.4 mg/L 
11/1/07 

0.4 0.1782 

0.5 mg/L 
10/29/07 

0.5 0.6214  
 
 

0.5254 
(0.0796) 

15.2 

0.5 mg/L 
10/30/07 

0.5 0.5112 

0.5 mg/L 
10/31/07 

0.5 0.5403 

0.5 mg/L 
11/1/07 

0.5 0.4285 

Analytical Chemistry Quality Control Data 
Controls*** Expected Conc. 

pg/µL 
Actual Conc. 

pg/µL 
% Recovery 

Blank 1 0 ND NA 
Blank Spike 500 ND NA 

Matrix Spike 1 500 ND NA 
Matrix Spike 2 500 ND NA 
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Table E-5.  Water sample results for the 8-week age group triclosan bioaccumulation 
studies using GC/MS (cont.) 

 
8 Week Age Group – Triclosan Test #2** (062) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(Std. Dev.) 

% CV 
Vehicle Ctrl. 

7/6/09 
0 ND  

 
 

ND 
Vehicle Ctrl. 

7/7/09 
0 ND 

Vehicle Ctrl. 
7/8/09 

0 ND 

Vehicle Ctrl. 
7/9/09 

0 ND 

0.2 mg/L 
7/6/09 

0.2 0.2078  
 
 

0.1371 
(0.0494) 

36.0 

0.2 mg/L 
7/7/09 

0.2 0.1284 

0.2 mg/L 
7/8/09 

0.2 0.1180 

0.2 mg/L 
7/9/09 

0.2 0.0938 

0.3 mg/L 
7/6/09 

0.3 0.4248  
 

0.4209 
(0.0801) 

19.0 

0.3 mg/L 
7/7/09 

0.3 0.3240 

0.3 mg/L 
7/8/09 

0.3 0.5201 

0.3 mg/L 
7/9/09 

0.3 0.4148 

0.4 mg/L 
7/6/09 

0.4 0.4495  
 

0.4476 
(0.0734) 

16.4 

0.4 mg/L 
7/7/09 

0.4 0.4375 

0.4 mg/L 
7/8/09 

0.4 0.3621 

0.4 mg/L 
7/9/09 

0.4 0.5411 
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Table E-5.  Water sample results for the 8-week age group triclosan bioaccumulation 
studies using GC/MS (cont.) 

 
8 Week Age Group – Triclosan Test #2** (062) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(Std. Dev.) 

% CV 
0.5 mg/L 
7/6/09 

0.5 0.5792  
 
 

0.5461 
(0.0858) 

15.7 

0.5 mg/L 
7/7/09 

0.5 0.5249 

0.5 mg/L 
7/8/09 

0.5 0.4390 

0.5 mg/L 
7/9/09 

0.5 0.6414 

Analytical Chemistry Quality Control Data 
Controls Expected Conc. 

pg/µL 
Actual Conc. 

pg/µL 
% Recovery 

Blank 1 0 ND NA 
Blank Spike 500 988.44 197.69 

Matrix Spike 1 500 1242.24 248.45 
Matrix Spike 2 500 1034.96 206.99 

*The samples from the 0.1 mg/L and 0.2 mg/L treatments were concentrated 5X prior to 
analysis. 
**The samples from the 0.2 mg/L treatment were concentrated 5X prior to analysis. 
***No internal standards were added to the control samples so the concentrations could 
not be calculated. 
ND = not detectable 
NA = not applicable 
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Table E-6.  Water sample results for the 4-week age group triclocarban bioaccumulation 
studies using LC/MS 

 
4 Week Age Group – Triclocarban Test #1* (039) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(±Std. Dev.) 

% CV 
Vehicle Ctrl. 

6/10/07 
0 0.0009  

 
0.0044 

(0.0026) 
58.4 

Vehicle Ctrl. 
6/11/07 

0 0.0044 

Vehicle Ctrl. 
6/12/07 

0 0.0070 

Vehicle Ctrl. 
6/13/07 

0 0.0054 

0.06 mg/L 
6/10/07 

0.06 0.0351  
 

0.0280 
(0.0169) 

60.4 

0.06 mg/L 
6/11/07 

0.06 0.0098 

0.06 mg/L 
6/12/07 

0.06 0.0192 

0.06 mg/L 
6/13/07 

0.06 0.0480 

0.07 mg/L 
6/10/07 

0.07 0.0195  
 

0.0252 
(0.0124) 

49.0 

0.07 mg/L 
6/11/07 

0.07 0.0281 

0.07 mg/L 
6/12/07 

0.07 0.0123 

0.07 mg/L 
6/13/07 

0.07 0.0411 

0.08 mg/L 
6/10/07 

0.08 0.0237  
 

0.0369 
(0.0276) 

74.9 
 

0.08 mg/L 
6/11/07 

0.08 0.0197 

0.08 mg/L 
6/12/07 

0.08 0.0782 

0.08 mg/L 
6/13/07 

0.08 0.0260 
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Table E-6.  Water sample results for the 4-week age group triclocarban bioaccumulation 
studies using LC/MS (cont.) 

 
4 Week Age Group – Triclocarban Test #1* (039) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(±Std. Dev.) 

% CV 
0.09 mg/L 
6/10/07 

0.09 0.0295  
 

0.0229 
(0.0051) 

22.1 

0.09 mg/L 
6/11/07 

0.09 0.0181 

0.09 mg/L 
6/12/07 

0.09 0.0199 

0.09 mg/L 
6/13/07 

0.09 0.0242 

0.1 mg/L 
6/10/07 

0.1 0.0215  
 

0.0297 
(0.0098) 

33.1 

0.1 mg/L 
6/11/07 

0.1 0.0271 

0.1 mg/L 
6/12/07 

0.1 0.0440 

0.1 mg/L 
6/13/07 

0.1 0.0263 

0.11 mg/L 
6/10/07 

0.11 0.0127  
 

0.1722 
(0.2799) 

162 

0.11 mg/L 
6/11/07 

0.11 0.0311 

0.11 mg/L 
6/12/07 

0.11 0.5913 

0.11 mg/L 
6/13/07 

0.11 0.0537 

Analytical Chemistry Quality Control Data 
Controls Expected Conc. 

pg/µL 
Actual Conc. 

pg/µL 
% Recovery 

Blank 1 0 -4.4 NA 
Blank Spike 100 112.2 112.2 

Matrix Spike 1 100 134.1 134.1 
Matrix Spike 2 100 58.8 58.8 
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Table E-6.  Water sample results for the 4-week age group triclocarban bioaccumulation 
studies using LC/MS (cont.) 

 
4 Week Age Group – Triclocarban Test #2* (044) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(±Std. Dev.) 

% CV 
Vehicle Ctrl. 

9/3/07 
0 0.0021  

 
0.0018 

(0.0023) 
130 

Vehicle Ctrl. 
9/4/07 

0 0.0040 

Vehicle Ctrl. 
9/5/07 

0 0.0023 

Vehicle Ctrl. 
9/6/07 

0 -0.0014 

0.06 mg/L 
9/3/07 

0.06 0.0133  
 

0.0158 
(0.0035) 

21.9 

0.06 mg/L 
9/4/07 

0.06 0.0156 

0.06 mg/L 
9/5/07 

0.06 0.0136 

0.06 mg/L 
9/6/07 

0.06 0.0208 

0.07 mg/L 
9/3/07 

0.07 0.0126  
 

0.0156 
(0.0049) 

31.4 

0.07 mg/L 
9/4/07 

0.07 0.0178 

0.07 mg/L 
9/5/07 

0.07 0.0215 

0.07 mg/L 
9/6/07 

0.07 0.0107 

0.08 mg/L 
9/3/07 

0.08 0.0181  
 

0.0275 
(0.0129) 

46.8 

0.08 mg/L 
9/4/07 

0.08 0.0192 

0.08 mg/L 
9/5/07 

0.08 0.0459 

0.08 mg/L 
9/6/07 

0.08 0.0268 
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Table E-6.  Water sample results for the 4-week age group triclocarban bioaccumulation 
studies using LC/MS (cont.) 

 
4 Week Age Group – Triclocarban Test #2* (044) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(±Std. Dev.) 

% CV 
0.09 mg/L 

9/3/07 
0.09 0.0108 0.0108 

(NA) 
NA 

0.1 mg/L 
9/3/07 

0.1 0.0127  
 

0.0216 
(0.0064) 

29.6 

0.1 mg/L 
9/4/07 

0.1 0.0274 

0.1 mg/L 
9/5/07 

0.1 0.0247 

0.1 mg/L 
9/6/07 

0.1 0.0215 

0.11 mg/L 
9/3/07 

0.11 0.0233 0.0233 
(NA) 
NA 

Analytical Chemistry Quality Control Data 
Controls Expected Conc. 

pg/µL 
Actual Conc. 

pg/µL 
% Recovery 

Blank 1 0 2.2 NA 
Blank Spike 100 102.1 102.1 

Matrix Spike 1 100 141.2 141.2 
Matrix Spike 2 100 102.7 102.7 

*None of the samples were diluted or concentrated prior to analysis. 
NA = not applicable; CV = coefficient of variation 
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Table E-7.  Water sample results for the 8-week age group triclocarban bioaccumulation 
studies using LC/MS 

 
8 Week Age Group – Triclocarban Test #1* (037) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(±Std. Dev.) 

% CV 
Vehicle Ctrl. 

5/31/07 
0 -0.0050  

 
-0.0040 
(0.0008) 

-21.0 

Vehicle Ctrl. 
6/1/07 

0 -0.0032 

Vehicle Ctrl. 
6/2/07 

0 -0.0043 

Vehicle Ctrl. 
6/3/07 

0 -0.0034 

0.025 mg/L 
5/31/07 

0.025 0.0425  
 

0.0182 
(0.0168) 

92.4 

0.025 mg/L 
6/1/07 

0.025 0.0106 

0.025 mg/L 
6/2/07 

0.025 0.0046 

0.025 mg/L 
6/3/07 

0.025 0.0149 

0.05 mg/L 
5/31/07 

0.05 0.0402  
 

0.0364 
(0.0233) 

64.0 

0.05 mg/L 
6/1/07 

0.05 0.0677 

0.05 mg/L 
6/2/07 

0.05 0.0162 

0.05 mg/L 
6/3/07 

0.05 0.0214 

0.075 mg/L 
5/31/07 

0.075 0.0624  
 

0.0485 
(0.0319) 

65.8 

0.075 mg/L 
6/1/07 

0.075 0.0210 

0.075 mg/L 
6/2/07 

0.075 0.0236 

0.075 mg/L 
6/3/07 

0.075 0.0871 
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Table E-7.  Water sample results for the 8-week age group triclocarban bioaccumulation 
studies using LC/MS (cont.) 

 
8 Week Age Group – Triclocarban Test #1* (037) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(±Std. Dev.) 

% CV 
0.1 mg/L 
5/31/07 

0.1 0.0364  
 

0.0388 
(0.0170) 

43.7 

0.1 mg/L 
6/1/07 

0.1 0.0483 

0.1 mg/L 
6/2/07 

0.1 0.0545 

0.1 mg/L 
6/3/07 

0.1 0.0160 

0.125 mg/L 
5/31/07 

0.125 0.0299 0.0318 
(0.0028) 

8.6 0.125 mg/L 
6/1/07 

0.125 0.0338 

Analytical Chemistry Quality Control Data 
Controls Expected Conc. 

pg/µL 
Actual Conc. 

pg/µL 
% Recovery 

Blank 1 0 -4.4 NA 
Blank Spike 100 112.2 112.2 

Matrix Spike 1 100 134.1 134.1 
Matrix Spike 2 100 58.8 58.8 

 
8 Week Age Group – Triclocarban Test #2* (047) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(±Std. Dev.) 

% CV 
Vehicle Ctrl. 

10/29/07 
0 0.0145  

 
0.0155 

(0.0013) 
8.5 

Vehicle Ctrl. 
10/30/07 

0 0.0172 

Vehicle Ctrl. 
10/3107 

0 0.0158 

Vehicle Ctrl. 
11/1/07 

0 0.0144 
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Table E-7.  Water sample results for the 8-week age group triclocarban bioaccumulation 
studies using LC/MS (cont.) 

 
8 Week Age Group – Triclocarban Test #2* (047) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(±Std. Dev.) 

% CV 
0.05 mg/L 
10/29/07 

0.05 0.0361  
 

0.0393 
(0.0047) 

11.9 

0.05 mg/L 
10/30/07 

0.05 0.0367 

0.05 mg/L 
10/31/07 

0.05 0.0383 

0.05 mg/L 
11/1/07 

0.05 0.0462 

0.06 mg/L 
10/29/07 

0.06 0.0441  
 

0.0445 
(0.0083) 

18.6 

0.06 mg/L 
10/30/07 

0.06 0.0330 

0.06 mg/L 
10/31/07 

0.06 0.0494 

0.06 mg/L 
11/1/07 

0.06 0.0516 

0.07 mg/L 
10/29/07 

0.07 0.0321  
 

0.0514 
(0.0288) 

56.0 

0.07 mg/L 
10/30/07 

0.07 0.0359 

0.07 mg/L 
10/31/07 

0.07 0.0436 

0.07 mg/L 
11/1/07 

0.07 0.0940 

0.08 mg/L 
10/29/07 

0.08 0.0337  
 

0.0504 
(0.0158) 

31.3 

0.08 mg/L 
10/30/07 

0.08 0.0405 

0.08 mg/L 
10/31/07 

0.08 0.0613 

0.08 mg/L 
11/1/07 

0.08 0.0663 
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Table E-7.  Water sample results for the 8-week age group triclocarban bioaccumulation 
studies using LC/MS (cont.) 

 
8 Week Age Group – Triclocarban Test #2* (047) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(±Std. Dev.) 

% CV 
0.09 mg/L 
10/29/07 

0.09 0.0488  
 

0.0682 
(0.0333) 

48.8 

0.09 mg/L 
10/30/07 

0.09 0.0483 

0.09 mg/L 
10/31/07 

0.09 0.0579 

0.09 mg/L 
11/1/07 

0.09 0.1176 

0.1 mg/L 
10/29/07 

0.1 0.0296  
 

0.0815 
(0.0550) 

67.5 

0.1 mg/L 
10/30/07 

0.1 0.1513 

0.1 mg/L 
10/31/07 

0.1 0.0466 

0.1 mg/L 
11/1/07 

0.1 0.0985 

0.11 mg/L 
10/29/07 

0.11 0.0339  
 

0.0535 
(0.0230) 

43.0 

0.11 mg/L 
10/30/07 

0.11 0.0418 

0.11 mg/L 
10/31/07 

0.11 0.0522 

0.11 mg/L 
11/1/07 

0.11 0.0861 

Analytical Chemistry Quality Control Data 
Controls Expected Conc. 

pg/µL 
Actual Conc. 

pg/µL 
% Recovery 

Blank 1 0 2.2 NA 
Blank Spike 100 102.1 102.1 

Matrix Spike 1 100 141.2 141.2 
Matrix Spike 2 100 102.7 102.7 
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Table E-7.  Water sample results for the 8-week age group triclocarban bioaccumulation 
studies using LC/MS (cont.) 

 
8 Week Age Group – Triclocarban Test #3** (059) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(±Std. Dev.) 

% CV 
Vehicle Ctrl. 

4/10/09 
0 0.0038  

 
0.0022 

(0.0014) 
62.2 

Vehicle Ctrl. 
4/11/09 

0 0.0009 

Vehicle Ctrl. 
4/12/09 

0 0.0029 

Vehicle Ctrl. 
4/13/09 

0 0.0013 

0.05 mg/L 
4/10/09 

0.05 0.0250  
 

0.0269 
(0.0032) 

12.0 

0.05 mg/L 
4/11/09 

0.05 0.0265 

0.05 mg/L 
4/12/09 

0.05 0.0316 

0.05 mg/L 
4/13/09 

0.05 0.0246 

0.075 mg/L 
4/10/09 

0.075 0.0145  
 

0.0273 
(0.0106) 

38.9 

0.075 mg/L 
4/11/09 

0.075 0.0342 

0.075 mg/L 
4/12/09 

0.075 0.0377 

0.075 mg/L 
4/13/09 

0.075 0.0229 

0.1 mg/L 
4/10/09 

0.1 0.0239  
 

0.0349 
(0.0155) 

44.3 

0.1 mg/L 
4/11/09 

0.1 0.0577 

0.1 mg/L 
4/12/09 

0.1 0.0269 

0.1 mg/L 
4/13/09 

0.1 0.0313 
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Table E-7.  Water sample results for the 8-week age group triclocarban bioaccumulation 
studies using LC/MS (cont.) 

 
8 Week Age Group – Triclocarban Test #3** (059) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(±Std. Dev.) 

% CV 
0.125 mg/L 

4/10/09 
0.125 0.0260  

 
0.0326 

(0.0080) 
24.6 

0.125 mg/L 
4/11/09 

0.125 0.0435 

0.125 mg/L 
4/12/09 

0.125 0.0272 

0.125 mg/L 
4/13/09 

0.125 0.0337 

0.15 mg/L 
4/10/09 

0.15 0.0416  
 

0.0637 
(0.0174) 

27.4 

0.15 mg/L 
4/11/09 

0.15 0.0773 

0.15 mg/L 
4/12/09 

0.15 0.0781 

0.15 mg/L 
4/13/09 

0.15 0.0580 

0.25 mg/L 
4/10/09 

0.25 0.0192  
 

0.0884 
(0.0590) 

66.8 

0.25 mg/L 
4/11/09 

0.25 0.1630 

0.25 mg/L 
4/12/09 

0.25 0.0790 

0.25 mg/L 
4/13/09 

0.25 0.0922 

0.5 mg/L 
4/10/09 

0.5 0.0421  
 

0.1108 
(0.0725) 

65.4 

0.5 mg/L 
4/11/09 

0.5 0.2109 

0.5 mg/L 
4/12/09 

0.5 0.0790 

0.5 mg/L 
4/13/09 

0.5 0.114 

1.0 mg/L 
4/10/09 

1.0 0.0361 0.0361 
(NA) 
NA 

192 

 



Table E-7.  Water sample results for the 8-week age group triclocarban bioaccumulation 
studies using LC/MS (cont.) 

Analytical Chemistry Quality Control Data 
Controls Expected Conc. 

pg/µL 
Actual Conc. 

pg/µL 
% Recovery 

Blank 1 0 5.7 NA 
Blank Spike 100 95.3 95.3 

Matrix Spike 1 100 95.9 95.9 
Matrix Spike 2 100 109.3 109.3 

*None of the samples were diluted or concentrated prior to analysis. 
**The vehicle control, 0.05 mg/L and 0.075 mg/L treatment samples were concentrated 
10X; the 0.1 mg/L, 0.125 mg/L, and 0.15 mg/L treatment samples were concentrated 
5X; and the 0.25 mg/L treatment samples were concentrated 2X prior to analysis. 
NA = not applicable 
CV = coefficient of variation 
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Table E-8.  Water sample results for the time-to-metamorphosis study using GC/MS 
 

Time-to-Metamorphosis Study* (053) 
 

Sample ID Nominal Conc. 
ppb 

Actual Conc. 
ppb 

Treatment Average 
ppb 

(±Std. Dev.) 
% CV 

Neg. Ctrl. Tank 1 
11/18/08 

0 8.0103  
 
 
 

5.6551 
(4.9399) 

87.4 

Neg. Ctrl. Tank 2 
11/18/08 

0 ND 

Neg. Ctrl. Tank 1 
11/25/08 

0 11.9958 

Neg. Ctrl. Tank 2 
11/25/08 

0 9.0700 

Neg. Ctrl. Tank 1 
12/12/08 

0 4.8547 

Neg. Ctrl. Tank 2 
12/12/08 

0 ND 

Veh. Ctrl. Tank 3 
11/18/08 

0 4.2389  
 
 
 

3.0823 
(2.9990) 

97.3 

Veh. Ctrl. Tank 4 
11/18/08 

0 1.7223 

Veh. Ctrl. Tank 3 
11/25/08 

0 ND 

Veh. Ctrl. Tank 4 
11/25/08 

0 8.4769 

Veh. Ctrl. Tank 3 
12/12/08 

0 2.7188 

Veh. Ctrl. Tank 4 
12/12/08 

0 1.3368 

0.07 ppb Tank 5 
11/18/08 

0.07 0.0501  
 
 
 

0.0146 
(0.0200) 

137 
 
 
 
 
 

0.07 ppb. Tank 6 
11/18/08 

0.07 0.0246 

0.07 ppb Tank 5 
11/25/08 

0.07 ND 

0.07 ppb Tank 6 
11/25/08 

0.07 0.0128 

0.07 ppb Tank 5 
12/12/08 

0.07 ND 

0.07 ppb Tank 6 
12/12/08 

0.07 ND 
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Table E-8.  Water sample results for the time-to-metamorphosis study using GC/MS 
(cont.) 

 
Time-to-Metamorphosis Study* (053) 

 
Sample ID Nominal Conc. 

ppb 
Actual Conc. 

ppb 
Treatment Average 

ppb 
(±Std. Dev.) 

% CV 
0.7 ppb Tank 7 

11/18/08 
0.7 ND  

 
 
 

0.0055 
(0.0070) 

128 

0.7 ppb. Tank 8 
11/18/08 

0.7 0.0057 

0.7 ppb Tank 7 
11/25/08 

0.7 0.0054 

0.7 ppb Tank 8 
11/25/08 

0.7 0.0030 

0.7 ppb Tank 7 
12/12/08 

0.7 0.0188 

0.7 ppb Tank 8 
12/12/08 

0.7 ND 

7.0 ppb Tank 9 
11/18/08 

7.0 0.1158  
 
 
 

0.2014 
(0.0760) 

37.8 

7.0 ppb. Tank 10 
11/18/08 

7.0 0.1261 

7.0 ppb Tank 9 
11/25/08 

7.0 0.2585 

7.0 ppb Tank 10 
11/25/08 

7.0 0.2010 

7.0 ppb Tank 9 
12/12/08 

7.0 0.1935 

7.0 ppb Tank 10 
12/12/08 

7.0 0.3136 
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Table E-8.  Water sample results for the time-to-metamorphosis study using GC/MS 
(cont.) 

 
Time-to-Metamorphosis Study* (053) 

 
Sample ID Nominal Conc. 

ppb 
Actual Conc. 

ppb 
Treatment Average 

ppb 
(±Std. Dev.) 

% CV 
70.0 ppb Tank 11 

11/18/08 
70.0 15.9118  

 
 
 

8.4151 
(7.5143) 

89.3 

70.0 ppb. Tank 12 
11/18/08 

70.0 3.51 

70.0 ppb Tank 11 
11/25/08 

70.0 19.4045 

70.0 ppb Tank 12 
11/25/08 

70.0 1.9865 

70.0 ppb Tank 11 
12/12/08 

70.0 7.5218 

70.0 ppb Tank 12 
12/12/08 

70.0 2.1565 

Analytical Chemistry Quality Control Data 
Controls Expected Conc. 

pg/µL 
Actual Conc. 

pg/µL 
% Recovery 

Blank 0 507.72 NA 
Blank Spike 500 593.86 118.77 

Matrix Spike 1 500 609.15 121.83 
Matrix Spike 2 500 695.6 139.12 

*The negative control, vehicle control and 70.0 ppb treatment samples were 
concentrated 100X and all other treatment samples were concentrated 10,000X prior to 
analysis. 
ND = not detectable 
NA = not applicable 
CV = coefficient of variation 
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Table E-9.  Water sample results for the hind limb development study using GC/MS 
 

Hind Limb Development Study* (055) 
 

Sample ID Nominal Conc. 
ppb 

Actual Conc. 
ppb 

Treatment Average 
ppb 

(±Std. Dev.) 
% CV 

Neg. Ctrl. Tank 1 
11/13/08 

0 ND  
 
 
 

ND 
(NA) 
NA 

Neg. Ctrl. Tank 2 
11/13/08 

0 ND 

Neg. Ctrl. Tank 1 
11/25/08 

0 ND 

Neg. Ctrl. Tank 2 
11/25/08 

0 ND 

Neg. Ctrl. Tank 1 
12/10/08 

0 ND 

Neg. Ctrl. Tank 2 
12/10/08 

0 ND 

Veh. Ctrl. Tank 3 
11/13/08 

0 ND  
 
 
 

ND 
(NA) 
NA 

Veh. Ctrl. Tank 4 
11/13/08 

0 ND 

Veh. Ctrl. Tank 3 
11/25/08 

0 ND 

Veh. Ctrl. Tank 4 
11/25/08 

0 ND 

Veh. Ctrl. Tank 3 
12/10/08 

0 ND 

Veh. Ctrl. Tank 4 
12/10/08 

0 ND 

0.07 ppb Tank 5 
11/13/08 

0.07 0.1101  
 
 

0.0772 
(0.0519) 

67.3 

0.07 ppb. Tank 6 
11/13/08 

0.07 0.1484 

0.07 ppb Tank 5 
11/25/08 

0.07 0.0339 

0.07 ppb Tank 6 
11/25/08 

0.07 0.0685 

0.07 ppb Tank 5 
12/10/08 

0.07 0.0957 

0.07 ppb Tank 6 
12/10/08 

0.07 0.0064 
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Table E-9.  Water sample results for the hind limb development study using GC/MS 
(cont.) 

 
Hind Limb Development Study* (055) 

 
Sample ID Nominal Conc. 

ppb 
Actual Conc. 

ppb 
Treatment Average 

ppb 
(±Std. Dev.) 

% CV 
0.7 ppb Tank 7 

11/13/08 
0.7 1.0078  

 
 
 

0.6037 
(0.2456) 

40.7 

0.7 ppb. Tank 8 
11/13/08 

0.7 0.8023 

0.7 ppb Tank 7 
11/25/08 

0.7 0.4974 

0.7 ppb Tank 8 
11/25/08 

0.7 0.4855 

0.7 ppb Tank 7 
12/10/08 

0.7 0.4463 

0.7 ppb Tank 8 
12/10/08 

0.7 0.3827 

7.0 ppb Tank 9 
11/13/08 

7.0 7.4635  
 
 
 

4.5126 
(2.1665) 

48.0 
 
 
 

7.0 ppb. Tank 10 
11/13/08 

7.0 7.0232 

7.0 ppb Tank 9 
11/25/08 

7.0 3.5018 

7.0 ppb Tank 10 
11/25/08 

7.0 2.8038 

7.0 ppb Tank 9 
12/10/08 

7.0 3.7573 

7.0 ppb Tank 10 
12/10/08 

7.0 2.5261 
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Table E-9.  Water sample results for the hind limb development study using GC/MS 
(cont.) 

 
Hind Limb Development Study* (055) 

 
Sample ID Nominal Conc. 

ppb 
Actual Conc. 

ppb 
Treatment Average 

ppb 
(±Std. Dev.) 

% CV 
70.0 ppb Tank 11 

11/13/08 
70.0 55.2400  

 
 
 

31.7845 
(24.3753) 

76.7 
 
 
 
 

70.0 ppb. Tank 12 
11/13/08 

70.0 67.2640 

70.0 ppb Tank 11 
11/25/08 

70.0 25.0170 

70.0 ppb Tank 12 
11/25/08 

70.0 23.5400 

70.0 ppb Tank 11 
12/10/08 

70.0 16.2820 

70.0 ppb Tank 12 
12/10/08 

70.0 3.3640 

Analytical Chemistry Quality Control Data 
Controls Expected Conc. 

pg/µL 
Actual Conc. 

pg/µL 
% Recovery 

Blank 0 ND NA 
Blank Spike 500 414.28 82.86 

Matrix Spike 1 500 554.26 110.85 
Matrix Spike 2 500 578.72 115.74 

*The 70.0 ppb treatment samples were concentrated 10X; the 7.0 ppb treatment 
samples were concentrated 100X; the 0.7 ppb treatment samples were concentrated 
1000X; the 0.07 ppb treatment samples were concentrated 10,000X; and the control 
samples were not concentrated prior to analysis. 
ND = not detectable 
NA = not applicable 
CV = coefficient of variation 
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Table E-10.  Water sample results for the tail resorption study using GC/MS 
 

Tail Resorption Study* (056) 
 

Sample ID Nominal Conc. 
ppb 

Actual Conc. 
ppb 

Treatment Average 
ppb 

(±Std. Dev.) 
% CV 

Neg. Ctrl. Tank 1 
6/12/09 

0 ND  
 
 

ND 
(NA) 
NA 

Neg. Ctrl. Tank 2 
6/12/09 

0 ND 

Neg. Ctrl. Tank 1 
7/6/09 

0 ND 

Neg. Ctrl. Tank 2 
7/6/09 

0 ND 

Veh. Ctrl. Tank 3 
6/12/09 

0 ND  
 
 

ND 
(NA) 
NA 

Veh. Ctrl. Tank 4 
6/12/09 

0 ND 

Veh. Ctrl. Tank 3 
7/6/09 

0 ND 

Veh. Ctrl. Tank 4 
7/6/09 

0 ND 

0.07 ppb Tank 5 
6/12/09 

0.07 0.0708  
 
 

0.0325 
(0.0284) 

87.2 

0.07 ppb. Tank 6 
6/12/09 

0.07 0.0036 

0.07 ppb Tank 5 
7/6/09 

0.07 0.0339 

0.07 ppb Tank 6 
7/6/09 

0.07 0.0218 

0.7 ppb Tank 7 
6/12/09 

0.7 ND  
 
 

0.0016 
(0.0032) 
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0.7 ppb. Tank 8 
6/12/09 

0.7 ND 

0.7 ppb Tank 7 
7/6/09 

0.7 0.00004 

0.7 ppb Tank 8 
7/6/09 

0.7 0.0064 
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Table E-10.  Water sample results for the tail resorption study using GC/MS (cont.) 
 

Tail Resorption Study* (056) 
 

Sample ID Nominal Conc. 
ppb 

Actual Conc. 
ppb 

Treatment Average 
ppb 

(±Std. Dev.) 
% CV 

7.0 ppb Tank 9 
6/12/09 

7.0 ND  
 
 

0.0052 
(0.0061) 
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7.0 ppb. Tank 10 
6/12/09 

7.0 ND 

7.0 ppb Tank 9 
7/6/09 

7.0 0.0086 

7.0 ppb Tank 10 
7/6/09 

7.0 0.0120 

70.0 ppb Tank 11 
6/12/09 

70.0 8.6188  
 
 

6.7064 
(6.0676) 

90.5 

70.0 ppb. Tank 12 
6/12/09 

70.0 0.9186 

70.0 ppb Tank 11 
7/6/09 

70.0 2.9090 

70.0 ppb Tank 12 
7/6/09 

70.0 14.3791 

Analytical Chemistry Quality Control Data 
Controls Expected Conc. 

pg/µL 
Actual Conc. 

pg/µL 
% Recovery 

Blank 0 ND NA 
Blank Spike 500 539.75 107.95 

Matrix Spike 1 500 514.86 102.97 
Matrix Spike 2 500 526.37 105.27 

*The 70.0 ppb treatment samples were concentrated 160X; the 7.0 ppb treatment 
samples were concentrated 9,900X; the 0.7 ppb treatment samples were concentrated 
8,500X; the 0.07 ppb treatment samples were concentrated 10,000X; and the control 
samples were not concentrated prior to analysis. 
ND = not detectable 
NA = not applicable 
CV = coefficient of variation 
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Table E-11.  Water sample results for the triclocarban partitioning study using LC/MS 
 

Triclocarban Partitioning Study* (058) 
 

Sample ID Nominal Conc. 
mg/L 

Actual Conc. 
mg/L 

Treatment Average 
mg/L 

(±Std. Dev.) 
% CV 

Vehicle Ctrl. 
3/9/09 

0 0.0028  
 

0.0036 
(0.0011) 

30.0 
 
 

Vehicle Ctrl. 
3/10/09 

0 0.0030 

Vehicle Ctrl. 
3/11/09 

0 0.0052 

Vehicle Ctrl. 
3/12/09 

0 0.0036 

0.04 mg/L 
3/9/09 

Water sample 

0.04 0.0233  
 
 
 
 

0.0210 
(0.0050) 

23.8 

0.04 mg/L 
3/10/09 

Water sample 

0.04 0.0233 

0.04 mg/L 
3/11/09 

Water sample 

0.04 0.0240 

0.04 mg/L 
3/12/09 

Water sample 

0.04 0.0135 

0.04 mg/L 
3/11/09 

Feces sample 
24 hr water & 4 hr 

food exp. 

unknown 0.0348  
 
 
 

0.0190 
(0.0223) 

117 
0.04 mg/L 
3/11/09 

Feces sample 
24 hr water & 4 hr 

food exp. 

unknown 0.0032 
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Table E-11.  Water sample results for the triclocarban partitioning study using LC/MS 
(cont.) 

 
Triclocarban Partitioning Study* (058) 

 
Sample ID Nominal Conc. 

mg/L 
Actual Conc. 

mg/L 
Treatment Average 

mg/L 
(±Std. Dev.) 

% CV 
0.04 mg/L 
3/11/09 

Feces sample 
1 hr water & 1 hr 

food exp. 

unknown 0.0469  
 
 

0.0374 
(0.0134) 

35.9 0.04 mg/L 
3/11/09 

Feces sample 
1 hr water & 1 hr 

food exp. 

unknown 0.0279 

0.04 mg/L 
3/12/09 

Feces sample 
24 hr water & 1 hr 

food exp. 

unknown 0.0287  
 
 

0.0717 
(0.0607) 

84.7 0.04 mg/L 
3/12/09 

Feces sample 
24 hr water & 1 hr 

food exp. 

unknown 0.1146 

0.04 mg/L 
3/13/09 

Feces sample 
24 hr water & 1 hr 

food exp. 

unknown 0.2242  
 
 
 

0.0417 
(0.1291) 

310 
0.04 mg/L 
3/13/09 

Feces sample 
24 hr water & 1 hr 

food exp. 

unknown 0.0417 
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Table E-11.  Water sample results for the triclocarban partitioning study using LC/MS 
(cont.) 

Analytical Chemistry Quality Control Data 
Controls Expected Conc. 

pg/µL 
Actual Conc. 

pg/µL 
% Recovery 

Blank 0 58.1 NA 
Blank Spike 100 84.8 84.8 

Matrix Spike 1 100 108.8 108.8 
Matrix Spike 2 100 108.1 108.1 

*All treatment samples were concentrated 10Xprior to analysis. 
NA = not applicable 
CV = coefficient of variation 
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