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ABSTRACT

Many cosmetics, toothpaste, medical devices, disinfectants, and household products use triclosan (TCS) as an 
antibacterial compound. However, many studies have shown increased ecotoxicity in various freshwater and 
marine ecosystems upon exposure to TCS. Rotifers are zooplankton that significantly impact the ecological 
processes of the ecosystem to which they belong. Rotifers are also popular in ecotoxicity studies because they 
have short lifespans, are small and inexpensive, are simple to culture in the laboratory, and make up a substantial 
percentage of the marine zooplankton community. This research article focuses on how toxic TCS affects rotifers 
at various salt concentrations. The locomotor and reproductive activity were accessed, and antioxidant activity 
and lipid peroxidation assays were performed to investigate the effect of TCS on the oxidative status of the rotifer. 
It was observed that there was a significant change in locomotor activity (swimming speed in µm/sec), oxidative 
stress marks such as antioxidant defense (superoxide dismutase, catalase, glutathione-S-transferase activity in U/
mg protein), and lipid peroxidation (thiobarbituric acid reactive substances in µM/mg protein) in rotifers when 
exposed to sublethal concentrations of TCS (100 ng/L and 200 ng/L) in different salinity levels (3 psu and 30 psu). 
This study shows that TCS can affect rotifers’ swimming and reproductive patterns in varying salinities and cause 
cellular toxicity.

1. INTRODUCTION

Household and personal care products such as toothpaste, deodorants, 
and soaps frequently use triclosan (TCS), also known as 5-chloro-
2-(2,4-dichlorophenoxy) phenol; TCS, as a synthetic antimicrobial 
agent due to its capacity to prevent the growth of bacteria and 
fungi [1,2]. The chemical structure of TCS lets it break down 
membrane function and stop bacterial enoyl-acyl carrier protein 
reductase from working, which kills bacteria [3]. TCS production 
peaked at 1500 tonnes/year in 1998 and continues to increase [4]. 
It is also an endocrine disrupting chemicals that affects multiple 
signaling pathways (neuroendocrine signaling, the p38/TRHr 
signaling pathway, the PI3K/Akt/JNK signaling cascade, and Toll-
like receptor signaling) in humans [5,6]. Because the structure of the 
TCS is similar to that of thyroid hormones, it interferes with normal 
thyroid function and disrupts normal growth and development in 
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humans, particularly in children’s brain development. It also exhibits 
weak androgenic and oestrogenic activities and is also associated 
with metabolic disorders, including obesity and Type  2 diabetes, 
highlighting its disruptive effects on endocrine function [7,8]. Due to 
its extensive usage, it has been found in significant quantities in our 
sewage, rivers, ponds, and eventually the oceans. Their persistence 
and constant increase in abundance in the global waters pose a threat 
to all types of aquatic flora and fauna. Estimates currently place their 
environmental concentration in global waters between 0.0001  ng/L 
and 100 ng/L [4]. Studies have demonstrated that these concentrations 
significantly affect most aquatic microfauna and cause significant 
ecotoxicity [4,6,9]. For this reason, it is important to study the effects 
of this chemical agent on various aquatic flora and fauna to measure 
and analyze whether it is worth it to continue to use this antimicrobial 
agent in our everyday products.

Brachionus plicatilis is a euryhaline rotifer in the family Brachionidae 
that can withstand a wide range of environmental conditions [10]. 
This ability enables them to thrive in various parts of the world, 
brackish water, and oceans, indicating their adaptability to varying 
salinities. Rotifers function as a bridge between the primary producers 
and primary consumers of the food chain. They are an important part 
of any food chain and a large percentage of zooplankton [11]. Rotifers 
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are ideal model organisms for ecotoxicological studies because they 
are the fastest-reproducing metazoans and can be easily cultured in 
a controlled environment with bladder chemostatic agents [12]. All 
these reasons together make them a leading candidate as a model 
organism for studying many exciting ecological and evolutionary 
phenomena.

Previous studies have shown that rotifers adapt to different 
environmental conditions. Given the presence of rotifers in both 
freshwater and oceanic environments, it is reasonable to infer that 
they have the ability to adjust their body functions and mechanisms 
to varying salinities [13]. Salinity plays a crucial role in influencing 
the pharmacokinetics and pharmacodynamics of xenobiotics in 
aquatic organisms, as it alters their bioavailability in water [14]. It also 
influences the distribution and maintenance of the organism in aquatic 
environments [14-16]. This creates a gap in the existing knowledge 
on the effects of various xenobiotics on rotifers, highlighting the 
importance of studying the effects of TCS exposure on rotifers at 
different salinities. This, in turn, will pave the way for further research 
to investigate the toxic effects of TCS in different animal species under 
salinity conditions. Thus, the current research focuses on evaluating the 
acute toxicity of TCS and its impact on the behavior, reproduction, and 
antioxidant systems of B. plicatilis under varying salinity conditions 
and using environmentally relevant concentrations.

2. MATERIALS AND METHODS

2.1. Experimental Organism and Culturing Conditions
The marine monogonont rotifer B. plicatilis and unicellular green 
algae Nannochloropsis sp. were collected from the Central Marine 
Fisheries Research Institute, Field Lab, Kovalam, Tamil Nadu. Rotifers 
were cultured in 3 ppt artificial seawater (ASW), and the salinity was 
gradually increased to 30 ppt to adjust to the required experimental 
specifications. The green alga Nannochloropsis sp. with a density of ~2 
× 105 cells/mL was fed to rotifers every 24 h and kept separately under 
laboratory conditions with a photoperiod of 16:8 h (light: dark) at 26°C.

2.2. Acute Toxicity Test
The acute toxic effects were carried out following the methods 
described in ISO 19820:  2016(E). In brief, B. plicatilis neonates 
were selected within 2 h and inoculated onto 24-well culture plates 
and exposed to five different concentrations of TCS (100, 200, 300, 
400, and 500 µg/L) and controlled for 24 h without feed along with 
two controls, including a blank control with 15 Practical Salinity 
Units (psu) ASW [17]. The dead and live rotifers were counted after 
24 h of exposure using a stereomicroscope [18-20]. All the exposures 
were carried out in triplicate. The 24-h LC50 value of TCS for rotifer 
B. plicatilis was calculated by probit analysis.

2.3. Effect of TCS in different Salinity on the Population 
Growth
To investigate the impact of TCS exposure in varying salinities on 
population growth, <12  h after hatching, rotifer B. plicatilis was 
placed in triplicate onto a 12-well cell culture plate with 4  mL of 
environmentally relevant concentrations of 100 ng/L and 200 ng/L of 
TCS at two distinct salinities (3 and 30 psu). The number of rotifers 
was checked every 24 h for 4 days using a stereomicroscope. During 
the experiment, we replaced 50% of the test medium (2  mL) with 
Nannochloropsis sp. with a density of ~2 × 105 cells/ml every 24 h. For 
each test, the intrinsic rate of population increase (R) was determined 
by the equation [21,22]:

r = (Ln (Nt.) – Ln (N0))/T

where N0 is the initial population density and Nt is the density of the 
population after time T (days).

2.5. Effect of TCS in different Salinity on Locomotor Behavior 
of B. plicatilis
Approximately 1000 rotifers were exposed to the same concentrations 
of the population growth studies for 4 h to assess the effect of TCS in 
different salinities on the swimming speed, according to the procedure 
prescribed by Liang et al. [23]. Briefly, ten adults were picked at 
random for each test concentration. They were then filmed for one 
minute under a microscope using an ocular micrometer (magnification 
×40) (n = 10) and the free software Virtual Dub 1.9.10 in 30 frames/s, 
uncompressed AVI format. The open-source program measures each 
rotifer’s trajectory and produces an output in readable form [24]. 
After importing the data into Microsoft Excel, we obtained per-frame 
measurements for each rotifer by converting the pixel into absolute 
distance. Locomotor behavior (mean swimming speed in mm/s) was 
calculated for individual rotifers [25].

2.6. Effect of TCS in different Salinity on Antioxidant Enzymes 
Activity and Lipid Peroxidation in B. plicatilis
For the estimation of antioxidant enzyme activity and lipid peroxidation, 
the samples were prepared as previously described [26]. In brief, the 
rotifers were collected and homogenized in 0.1 M phosphate buffer 
(pH 7.4), and the resultant lysate was centrifuged at 5000 g for 10 min, 
and then the supernatant was used to measure the antioxidant enzyme 
activity and lipid peroxidation. The total amount of protein in the 
sample homogenates was estimated by the Bradford method [27].

2.6.1. Superoxide dismutase (SOD) activity
As previously described [28], SOD activity was estimated by 
determining the percentage inhibition of epinephrine auto-oxidation. 
For performing SOD activity analysis, carbonate buffer (0.1 M), 
epinephrine (1.3 M), and EDTA (0.6 M) were freshly prepared before 
performing the test. To perform the analysis, we prepared one auto-
oxidation control consisting of carbonate buffer (100 μL), distilled 
water (100 μL), EDTA (50 μL), and epinephrine (50 μL). Another auto-
oxidation sample was prepared using sample (10 μL), EDTA (50 μl), 
distilled water (100 μL), carbonate buffer (100 μL), and epinephrine 
(50 μL). After preparing both the control and samples without any 
delay, absorbance at 480 nm was measured. One unit (U) is defined 
as the amount of protein required for oxidation with 50% inhibition.

2.6.2. Catalase (CAT) activity
After diluting the exposure experiment sample homogenates with 
60 mM sodium phosphate buffer (pH 7.4), 65 µM hydrogen peroxide 
solution was added, and the mixture was incubated for 4  min. 
ThermoFisher, USA’s Multiskan Microplate Spectrophotometer was 
used to measure the absorbance of the yellow complex at 405 nm after 
adding 32.4 mM ammonium molybdate to halt the reactions. CAT 
activity is expressed as units per milligram of protein. One unit is 
defined as 1 μmol of H2O2 reduced per minute [29].

2.6.3. Glutathione-S-transferase (GST) activity
The activity of GST was estimated as prescribed by Habig and 
Jakoby [30]. To sum up, 25 mM 1-chloro-2, 4-dinitrobenzene in 95% 
ethanol was added after the sample homogenates were diluted with 
0.5 M phosphate buffer (pH  6.5). ThermoFisher, USA’s Multiskan 
Microplate Spectrophotometer was used to measure the absorbance 
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at 340 nm as soon as 20 mM reduced glutathione was added to the 
reaction mixture. The absorbance was measured every 30 s for 1.5 min, 
and the activity was given as units per milligram of protein. A unit 
of measurement was established as the quantity of protein needed to 
generate one μmol of GS-DNB conjugate/min.

2.6.4. Lipid peroxidation
The lipid peroxidation was estimated in terms of the adduct formation 
with thiobarbituric acid (TBA) [31]. The sample homogenates 
were precipitated by adding ice-cold 10% trichloroacetic acid and 
incubated for 15 min on ice. Equal volumes of 0.67% TBA are added 
to the supernatants, and they are then incubated in a water bath 
at 100°C for 10  min. ThermoFisher, USA’s Multiskan Microplate 
Spectrophotometer was used to measure and record absorbance at 
532  nm after the samples had cooled. Malondialdehyde (MDA) 
equivalents, measured in nmol per mg of protein, were used to express 
the results.

2.7. Statistical Analysis
To compare the means of the experimental groups with the means of 
the control group, all the data were analyzed using one-way analysis 
of variance followed by Dunnett’s multiple comparisons tests. The 
results are presented as a mean ± standard deviation of the mean (SD) 
with P < 0.05 designated as the significance level.

3. RESULTS

3.1. Acute Toxicity Test
Figure  1 shows the acute toxicity test of B. plicatilis 24 h-LC50 
values exposed to 100–500 µg/L TCS, and by Probit analysis, related 
confidence intervals of 95% of TCS were determined and listed in 
Table 1. The 24 h-LC50 of TCS for Brachionus sp. was found to be 
271.29 μg/L.

3.2. Effect of TCS in Different Salinity on the Population 
Growth
A reproductive bioassay was performed to provide the intrinsic rate 
of the population of rotifers in different salinities with TCS exposure 
[Figure 2]. The population growth rate shows a significant decrease 
as the concentration of TCS exposure increases at 3 and 30 psu. The 
lowest population growth rate was observed in the 200 ng/L at 30 psu 
TCS exposure group compared to the control.

3.3. Effect of TCS in Different Salinity on Locomotor Behavior 
of B. plicatilis
Figure 3 shows the effect of TCS in different salinity on the locomotor 
behavior of B. plicatilis. The average speed of rotifers was significant 
decreased in all the concentration of TCS in both salinities when 
compared with control. However, the maximum inhibition of rotifer 
speed was observed in the 100 ng at 30 psu.

3.4. Effect of TCS in Different Salinity on Antioxidant Enzymes 
Activity and Lipid Peroxidation in B. plicatilis
To examine whether TCS in different salinities induces oxidative stress 
in B. plicatilis, we measured antioxidant enzymatic activities (CAT, 
SOD, and GST) and levels of lipid peroxidation after exposure to TCS 
in different salinities [Figure  4]. The activity of SOD significantly 
increased in concentration with 100  ng/L of TCS in both salinities. 
However, the activity of SOD decreases as the concentration of TCS 

Figure 1: Acute toxicity test of triclosan in Brachionus plicatilis.

Table 1: LC50 Values for TCS in Brachionus plicatilis.

Time point (h) LC50 (µg/L) Confidence interval (µg/L)

24 271.29 214.29–312.61

Figure 2: Effect of Triclosan in different salinities on the population growth. 
The results were presented as mean ± SD (n = 3). * at P < 0.05; ** at  

P < 0.01; *** at P < 0.001; and **** at P < 0.0001 levels, the asterisk above 
the bar indicates a statistically significant difference against the controls.

increases in both salinities. The concentration of 200 ng/L at 30 psu 
showed the maximum reduction in activity [Figure 4a]. The activity 
of CAT in rotifers exposed to TCS in different salinities shows no 
significant change in the CAT activity in both concentrations of TCS 
at 3 psu and 100 ng/L at 30 psu; the activity of CAT is significantly 
reduced in 200 ng/L at 30 psu [Figure 4b]. GST activity was increased 
in the 100 ng/L at 3 psu, but activity was reduced as the concentration 
and salinity increased to 200  ng/L and 30 psu [Figure  4c]. To 
examine whether TCS in different salinities induces oxidative stress 
in B. plicatilis, we measured antioxidant enzymatic activities (CAT, 
SOD, and GST) and levels of lipid peroxidation after exposure to TCS 
in different salinities [Figure  4]. The activity of SOD significantly 
increased in concentration with 100  ng/L of TCS in both salinities. 
However, the activity of SOD decreases as the concentration of TCS 
increases in both salinities. The concentration of 200 ng/L at 30 psu 
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showed the maximum reduction in activity [Figure 4a]. The activity 
of CAT in rotifers exposed to TCS in different salinities shows no 
significant change in the CAT activity in both concentrations of TCS 
at 3 psu and 100 ng/L at 30 psu; the activity of CAT is significantly 
reduced in 200 ng/L at 30 psu [Figure 4b]. GST activity was increased 
in the 100 ng/L at 3 psu, but activity was reduced as the concentration 
and salinity increased to 200 ng/L and 30 psu [Figure 4c].

Figure  4d shows the lipid peroxidation level because of TCS in 
rotifers with different salinities. In comparison with Control, MDA 
concentration significantly increased in a concentration-dependent 
manner and salinity. The maximum amount of lipid peroxidation was 
observed at 200 ng/L at 30.

4. DISCUSSION

The survival rate decreased significantly when exposed to TCS. 
Results from the 24-h acute toxicity test assessed the LC50 value of TCS 
towards Brachionus sp. to be 271.29 µg/L (95% confidence limits of 
214.29–312.61 µg/L) [Table 1]. The maximum concentration of TCS 
detected in marine water is 100 μg/L. The LC50 value of TCS towards 
marine rotifers Brachionus koreanus and Brachionus havanaensis 
was 393 μg/L and 500 μg/L, respectively, within 24  h [18,32]. 
Lower acute toxicity was found in other multicellular organisms 
when exposed to TCS at environmental concentrations. For instance, 
the 24 h-LC50 values for Chironomus tentans, Xiphophorus helleri, 
Hyalella azteca, and Ceriodaphnia dubia were determined to be 
3000 µg/L, 1470 µg/L, and 1000 µg/L, respectively [21]. Similarly, 
Artemia salina, Thamnocephalus platyurus, Chironomus riparius, and 
Caenorhabditis elegans have shown 24 h-LC50 of 171, 470, 3428, and 
9840 μg/L TCS, respectively [33-35]. The toxicity of TCS to higher 
trophic level multicellular organisms mentioned above implies that 
Brachionus sp. is sensitive to low concentrations of TCS, but when 
compared to C. dubia and A. salina, it is to be noted that they are more 
sensitive to TCS than Brachionus sp.

The population growth rate was determined for rotifers in both 
salinities with 100  ng/L and 200  ng/L TCS chronic exposure for 
4  days. The population growth significantly slowed down as the 
concentration of TCS increased at higher salinities. Consistent 

Figure 3: Effect of Triclosan in different salinity on locomotor behavior of 
Brachionus plicatilis. The results were presented as mean ± SD (n = 3). * at 

P < 0.05; ** at P < 0.01; *** at P < 0.001; and **** at P < 0.0001 levels, the 
asterisk above the bar indicates a statistically significant difference against the 

controls.

Figure 4: (a-d) Effect of Triclosan in different salinity on antioxidant enzymes activity and lipid peroxidation in Brachionus plicatilis. The results were presented 
as mean ± SD (n = 3). * at P < 0.05; ** at P < 0.01; *** at P < 0.001; and **** at P < 0.0001 levels, the asterisk above the bar indicates a statistically significant 

difference against the controls.

a

c d

b
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with our findings, a reduction in survival and reproduction when 
exposed to toxicants was observed in previous studies with rotifers 
[36,38,39]. For example, steady growth retardation was observed in B. 
koreanus at 100 μg/L of four antibiotics exposure [37]. For example, 
species like B. plicatilis are greatly affected by high levels of TCS 
in the environment, which changes how they swim and reproduce. 
Previous studies have shown that exposure to high concentrations 
impacts population growth and life history parameters by shortening 
the reproductive period and prolonging the post-reproductive period 
in B. plicatilis [40]. In a study, the population growth rate was 
inhibited at concentrations higher than 1.0 μg/L of TCS in Brachionus 
calyciflorus that were tested for 4 days [21]. There was a decrease in 
population growth rate due to the exposure of Dichlorvos, Triazophos, 
and chlorpyrifos at 10 mg/L and 1 mg/L, respectively, in freshwater 
B. calyciflorus [36]. Studies reveal that the toxicity of ibuprofen alters 
the population rate in Daphnia magna, in addition to rotifers [41]. 
Previous studies clearly indicate that toxicants disrupt the population 
growth rate. Another reason for the declining rate of population growth 
could be the change in salinity [19]. Rotifers can tolerate varying 
levels of salinity, but it is limited to a certain range, as changes in 
salinity could alter energy reallocation to the basal metabolic rate 
for maintaining homeostasis [19]. We could say that we observed 
a significant reduction of rotifers in 3 psu salinity due to treatment 
with TCS in low salinity. With increased salinity, rotifers show more 
significant reduction in the growth population rate. This suggests that 
a combination of both salinity and TCS could be the reason for the 
adverse effects on rotifers, or individual effects are also possible.

Other aspects studied in the work were swimming behavior. Both 
internal and external factors can influence the swimming behavior of 
rotifers, which requires a significant amount of energy and impacts 
their metabolism [42]. In our study, it was observed that swimming 
speed was reduced significantly by TCS in different concentrations at 
different salinities. This decrease in swimming behavior is observed 
in rotifers and is similar to the effect when exposed to other drugs 
like dimethoate [43]. It is also found that TCS alters the expression of 
genes related to cilium organization and assembly, which are crucial 
for swimming, as well as pathways like focal adhesion and hedgehog 
signaling [40]. Other organisms, such as zebrafish and Daphnia pulex, 
also exhibit impaired swimming behavior when exposed to toxic drugs 
or chemicals [26,44,45]. Similarly, in Micropogonias undalatus, there 
was a reduction in the reflex of the organism when exposed to TCS and 
two temperatures [46]. Palaemon varians, which was also exposed 
to different concentrations of TCS, showed a similar reduction in 
swimming activity [47].

The antioxidant defense system is one of the important roles in 
eliminating reactive oxygen species (ROS) and maintaining the redox 
homeostasis within the cells. Therefore, the assessment of antioxidant 
activity could serve as a valuable biomarker for evaluating the extent 
of oxidative damage within an organism. Each of the antioxidant 
enzymes is responsible for eliminating one or more ROS. Many studies 
show that an increase in ROS activity within the cells causes a change 
in the intracellular antioxidant activity [19], where an increase in ROS 
activity due to salinity stress caused a change in antioxidant activity 
such as SOD, CAT, and GST of monogonont rotifer B. plicatilis. 
A  similar effect was observed in this study, that exposure to TCS 
at different salinities alters the antioxidant enzyme in rotifers. SOD 
eliminates radical superoxide anions by converting them into hydrogen, 
which is then disposed of by other enzymes [26]. It was observed that 
the activity of SOD was increased in the lower concentration and 
reduced significantly as the concentration increased [Figure 3a]. This 

might be due to increased ROS activity within the cells, resulting in 
the production of more enzymes to counteract the ROS, but at high 
concentrations, SOD cannot be able to cope with the production of 
ROS; hence the activity was reduced at high concentrations [19]. 
Moreover, the reduction in activity could also be due to the interaction 
between TCS and SOD on a molecular level [48]. A similar effect was 
observed when zebrafish were exposed to pesticides [26].

CAT enzyme is responsible for converting H2O2 to H2O and molecular 
oxygen since H2O2 is a ROS that can disrupt the integrity of the cell. 
Previous studies on rotifers and zebrafish have shown changes in CAT 
activity when exposed to antimicrobial chemicals or due to stress-
inducing factors in extreme salinity or temperature [19,26,49]. It was 
observed that TCS alters the activity of CAT at different salinities 
[Figure 3b]. The decrease in the activity at the high concentration of 
TCS and salinity is due to an increase in the production of H2O2 due to 
salinity stress or stress caused by TCS; similar results are seen in the 
work [26]. GST is an important antioxidant enzyme that catalyses the 
interaction between reduced glutathione and xenobiotic metabolites, 
allowing for faster xenobiotic elimination. GST, along with reduced 
glutathione, plays a major role in defense against ROS and lipid 
peroxidation. In Figure 3c, we can see a reduction in GST activity in 
both the salinities at higher concentrations; it might be to counter the 
TCS in the cell, or it might also be reduced due to the induced salinity 
stress. Previous studies show varying GST activity when exposed to 
antimicrobial and varying salinity [19,49]. An increase in GST activity 
is also observed in 0.3% salinity with a 100 ng/L concentration of TCS; 
this increase might be to reduce the ROS induced by TCS. Zebrafish 
exhibit similar results when exposed to xenobiotics [45].

ROS also initiates lipid peroxidation reactions and leads to structural 
and functional alterations in the molecule that has lipid [50-52]. In 
this study, it was observed that lipid peroxidation in rotifers increased 
as the concentration of the TCS increased, as the salinity increased 
[Figure  3d]. ROS induced by TCS showed to damage the integrity 
of cell membranes by lipid peroxidation [52]. A  similar effect was 
observed when the freshwater rotifer B. calyciflorus was exposed 
to a binary mixture of microcystin and nitrite [53]. In B. koreanus, 
exposure to high concentrations of TCS leads to growth retardation 
and reduced fecundity, attributed to oxidative stress and the 
modulation of detoxification and antioxidant proteins, such as GST-
sigma and Cu/ZnSOD. Increased ROS levels and GST enzymatic 
activity accompany these changes, indicating a stress response that 
impacts the rotifers’ lifespan and reproductive capabilities [18]. In 
addition, the neurotoxic effects of similar compounds, such as TDCPP, 
further illustrate how chemical exposure can disrupt neural functions 
and energy metabolism, leading to impaired ciliary movement and 
swimming behavior in rotifers [54]. Overall, the presence of TCS in 
aquatic environments poses a significant ecological risk by disrupting 
the biological functions essential for the survival and reproduction of 
rotifers.

5. CONCLUSION

Our research concludes that exposure to TCS at varying salinities 
significantly alters the locomotor behavior and reproductive patterns 
of B. plicatilis and slows population growth, accompanied by 
oxidative stress. These changes highlight the ecological and biological 
consequences of TCS contamination, as altered swimming patterns 
and impaired reproduction can disrupt the species’ role in aquatic 
ecosystems. High TCS concentrations may lead to reduced biodiversity 
and ecosystem stability due to these negative impacts on rotifers, which 
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are crucial for nutrient cycling and food webs. Our study enhances 
understanding of the mechanical aspects of TCS toxicity across 
different salinities, revealing potential risks to aquatic life. To mitigate 
these effects, alternatives to TCS, such as using more environmentally 
benign compounds or improved waste treatment technologies, should 
be considered to reduce contamination in aquatic habitats.
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