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Introduction

Triclosan (5-chloro-2-(2,4-dichlorophenoxy)phenol) is a potent antibacterial and antifungal ingredient in
household (fabrics and plastics) and personal care products such as soaps, dental care products, cosmetics etc’>.
Triclosan (Figure 1) residues have been reported in wastewater treatment plant samples, river water, and lake
water samples*®.  Although triclosan has been found to be toxic to plants and aquatic organisms (algae,
plankton, and fish) and is a known endocrine disruptor, there exists no study dealing with contamination levels
of triclosan in the western Kentucky watershed (Figure 2). Previous studies have shown that triclosan is found
throughout food web and it can be photolyzed to 2,8-dichlorodibenzodioxin or methylated to a more

bioaccumulative ether form in natural waters®*.

In order to elucidate the levels of contamination by triclosan

C| OH in the western Kentucky watershed, sites from Murray

Wastewater Treatment Plant (MWWTP), Bee Creek (where

O water from MWWTP is emptied), Clarks River, Kentucky

Lake (non-point sources), and Red Duck Creek (located in

Mayfield, KY) were selected for sampling. Understanding the

triclosan contamination levels in regional waters is important

Cl Cl| in order to prevent further contamination and protect the
living resources of this region.

Fig.1. Triclosan (5-chloro-2-(2,4-dichlorophenoxy)phenol, Mwt.289.5, pKa: 8.14)

Materials and methods

Surface water samples were collected from selected locations in Murray and Mayfield (Figure 2). Water samples
were filtered and passed through Oasys HLB SPE cartridges (Waters Corp. MA, USA.) and eluted with
methanol as described in Kantiani et al. (2008)°. Four sampling events were occurred during January, 2009
through March, 2009 (January 2, January 11, February 13 and February 21, 2009) at the selected sampling sites
in Murray, Kentucky and two sampling events occurred at selected sites from Red Duck Creek, Mayfield,
Kentucky. Red Duck Creek samples were collected during October, 2010 through December, 2010 (October 30,
2010 and December 4, 2010). Triclosan ELISA (Magnetic particle) Kit (Abraxis, IL, USA) was used to perform
triclosan concentrations in the samples. Clean glass test tubes were used for standards, control, and samples. 250
uL of the appropriate standard, control, or sample were added. 500 uL of triclosan antibody coupled
paramagnetic particles were mixed thoroughly and added to each tube and mixed for 2 seconds without foaming.
The samples were incubated for 30 minutes at room temperature. 250 uL of triclosan enzyme conjugate were
added to each tube and mixed for 2 seconds. The samples were incubated for 30 minutes at room temperature,
and then placed in the magnetic separation rack for two minutes. The tubes were decanted and gently blotted in a
consistent manner. 1 mL of washing solution was added to each tube and vortexed for 1-2 seconds. The tubes
remained in the magnetic separation unit for two minutes. All tubes were decanted and gently blotted in a
consistent manner. The tubes were then washed an additional time. The tubes were then removed from the
separator and 500 uL of color solution was added to each tube. Each tube was vortexed for 1 to 2 seconds
minimizing foaming. The samples were incubated for 20 minutes at room temperature. 500 uL of stopping
solution was added to each tube. 1 mL of washing solution was added to a clean test tube to be used as a blank.
The samples were read at 450 nm in a UV-Vis spectrophotometer. Triclosan concentrations in the samples were
calculated based on five point calibration curve. Standard methods were used to measure other parameters
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incluidng flow rate, dissolved oxygen (DO), total dissolved solids (TDS) and
Escherichia coli counts were determined using IDEXX Colilert® method .
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Fig. 2. Map showing sampling locations (*) in Murray Wastewater Treatment Plant (MWWTP), Bee Creek,
Clarks River and Kentucky Lake, USA. Sampling sites A through L (bottom part) indicates sampling locations
in Red Duck Creek, Mayfield, KY, USA.

Results and discussion

Table 1 and 2 show triclosan concentrations in surface water samples from various locations in Murray,
Kentucky. Among the samples analyzed, Murray wastewater treatment plant influent contained the highest
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concentrations ranged from 2.9 to 3.2 ng/L and the surface water collected from Kentucky Lake at Hancock
Biological station contained the lowest concentrations ( 0.06 to 0.8 ng/L). Murray wastewater treatment plant
effluent contained relatively lower concentrations than the influent, indicating the wastewater treatment process
removed about 50% of triclosan entering wastewater treatment plant. Water samples from Bee Creek site at the
downstream of wastewater treatment plant is more contaminated with triclosan than upstream indicating input
of triclosan from wastewater treatment plant into the Bee creek (Table 1).

Table 1. Triclosan concentrations (ng/L) in Murray Wastewater Treatment Plant influent, effluent, downstream
Bee Creek, Upstream Bee Creek, Influent composite and effluent composite samples. (N/A: Sample not
available for analysis)

Survey Influent Effluent Downstream Bee Upstream Bee CLnr]:gggitte CIcEJfrhfnlpl)Jg:itte
Number (ng/L) (ng/L) Creek (ng/L) Creek (ng/L) (ng/L) (ng/L)

1 3.2 1.3 1.29 0.92 N/A N/A

2 2.9 1.2 1.29 0.97 1.18 141

3 2.8 1.3 1.18 0.51 N/A N/A

4 3.0 1.3 1.20 0.72 3.18 1.22

Table 2. Triclosan (ng/L) concentrations in Clarks River and Kentucky Lake water samples.

Survey Clarks River Clarks River | Kentucky Lake
Number | Site I (ng/L) Site 11 (ng/L) (HBS) (ng/L)

1 0.73 0.64 0.80
2 0.53 0.49 0.47
3 0.37 0.72 0.25
4 0.59 0.55 0.058

Table 3. Flow, flow rate (cfs), pH, and dissolved oxygen (DO) measurements in Red Duck Creek water samples.

SITE FLOW/POND FLOW RATE (cfs) pH DO (ppm)
Survey | | Survey Il | Survey | | Survey Il | Survey | | Survey Il | Survey | | Survey Il
L FLOW FLOW 3.7 3.1 5.9 6.2 11.5 5.5
J FLOW FLOW 3.0 3.8 6.9 7.0 11.7 12.9
F POND POND 0 0 6.7 6.8 12 8.1
D POND POND 0 0 6.6 6.6 12 12.6
C POND POND 0 0 6.7 6.7 12.2 12.5
A POND POND 0 0 6.5 6.5 12 13

Table 3 and 4 show various parameters measured at six sites at Red Duck Creek, Mayfield, Kentucky. During
the survey period, water flow was measurable only at sites L and J. Other sites were ponded (Table 3).
Triclosan concentrations in Red Duck Creek water samples were several orders of magnitude higher (p/L) than
Bee Creek, Clarks River and Kentucky Lake (Table 1,2 and 4).
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Table 4. Total dissolved solids (TDS), total coliform (T-coli), Escherichia coli (E.coli), and triclosan (pg/L)
measurements in Red Duck Creek water samples, Mayfield, Kentucky.

T-Coli E. Coli
SITE TDS (CFU/100mL) (CFU/100mL) Triclosan (ppb)
Survey | | Survey Il | Survey |l | Survey Il | Survey | | Survey Il | Survey |l | Survey Il
L 96 122 935 9610 537 790 45.16 22.2
J 90 118 4360 3130 62 180 23.14 12.71
F 94 139 10112 7560 1789 930 25.21 20.88
D 150 145 10112 2010 2851 130 10.66 5.67
C 212 162 10112 2040 1334 1110 23.8 12.71
A 113 134 3044 6890 1670 360 29.15 N/A

Total coliform and E.coli counts (colony forming units/100 mL) were higher in ponded conditions than water
collected during flow conditions (Table 4). Triclosan concentrations did not show much variation in the six sites
surveyed. Considering triclosan concentrations and bacterial counts in surface water samples (during flow
conditions) from sites L and J during survey | and I, it appears to have some relationship with triclosan
concentrations and the bacterial count. Since triclosan is an antibacterial agent, higher concentrations of
triclosan might have negatively affected the bacteria growth. Further studies with more number of samples are
required to elucidate the relationship between triclosan concentrations and the bacterial counts.
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