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Background: Triclosan is a common antibacterial ingredient in pharmaceutical and personal care products that has emerged as a
persistent pollutant harming marine ecosystems. Once triclosan enters our wastewater systems, it is degraded into compounds that
are more toxic than the parent compound in some cases. Current removal methods rely on costly advanced oxidation processes.
Recently, microalgae-based remediation of triclosan has attracted interest due to its cost-effective, efficient and flexible approach.
Methods: Removal agents used in this work include the immobilized form of freshwater microalgae strains (Chlorella pyrenoidosa
and Scenedesmus quadricauda) and clay minerals (montmorillonite and clinoptilolite). Changes in triclosan concentrations over
0-120 hours were monitored using gas chromatography-mass spectrometry (GC-MS) and high performance liquid chromatography
(HPLC). An environmentally relevant concentration of triclosan (800 ng/mL) was used in the studies.
Results: The percent reduction in triclosan was recorded when immobilized microalgae beads (mono-culture, co-culture) were
incubated with triclosan. The best performing experimental groups reduced triclosan by 88% in 6 hours (C. pyrenoidosa alone)
and by 48-69% in 4 hours (co-culture algae beads protected from the light). Supplementation of the co-culture algae beads with
clay minerals provided no enhancement at each time point in the dark.
Conclusions: Despite their preliminary nature, our findings suggest that immobilized algae beads can remove triclosan within
a short timeframe and that clay minerals provide little enhancement. This work contributes to the ongoing search for diverse
materials for triclosan remediation from wastewater.
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clay minerals, montmorillonite, clinoptilolite.

1 Introduction

1.1 Background and Context

Triclosan is an antibacterial agent common in pharmaceutical
and personal care products like soap and toothpaste1. Extended
exposure to triclosan for humans can lead to trace amounts in
breast milk and urine1. Existing wastewater treatment facilities
use activated bacterial sludge treatment, advanced oxidation
processes, and adsorption onto activated carbon to remove tri-
closan; these processes remove 58-98% of the triclosan but
are costly and difficult to maintain2,3. Approximately 58% of
U.S. river water samples contain triclosan2. This antibiotic can
also be found in both the water and the sediment of marine
environments where it acts as an endocrine disruptor, a carcino-
gen of animal models and toxic to marine organisms2,4. The
persistence of this antibiotic in the environment also increases
bacterial resistance to it. The triclosan-loaded sludge poses risks
to the environment and requires additional disposal. Triclosan
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is highly photosensitive and degrades into harmful chlorinated
by-products during exposure to light or during conventional
wastewater processing5,6.

1.2 Chemical Properties of Triclosan

Triclosan is a chlorinated aromatic compound with a half-life of
2.55 hours in sunlight when suspended in water1. It is hydropho-
bic at acidic pH values and hydrophilic at basic pH values due
to the pKa of 8.14 for the hydrogen of the hydroxyl functional
group. These properties complicate triclosan removal strategies
because the dominant form (protonated vs. ionized) depends
on the pH of the surrounding solution1,7. This means that the
relative amount of triclosan vs. ionized triclosan is 50/50 at pH
8.14, which warrants consideration given that the pH of wastew-
ater varies from 7.0-8.78. However, in a neutral solution at pH 7,
the dominant form of triclosan is the nonpolar triclosan, making
up 92.6% of the triclosan concentration8. Efforts to remediate
triclosan from wastewater would ideally target both nonpolar
and ionized forms of triclosan.
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1.3 Public Policies on Triclosan

Because of the threat triclosan poses to marine ecosystems and
humans, many countries have taken legal action concerning the
use of triclosan in products. As early as 2011, many companies
that sell personal-care products have discontinued their use of
triclosan as well9. These companies include Procter & Gamble,
Johnson & Johnson, and Colgate-Palmolive. In 2013, the U.S.
Food and Drug Administration (FDA) revoked a previous state-
ment made about the safety of triclosan’s presence in hand soap
and called for additional research into health effects and possi-
ble amplification of bacterial resistance10. Three years later in
2016, the FDA ruled that 19 personal care product ingredients
containing triclosan were unsafe, ineffective, and misbranded11.
Companies were required either to change their recipe, no longer
sell their products, or submit a New Drug Application in order
to continue selling their products that contained any of these
19 ingredients. In 2016, the European Commission did not ap-
prove the use of triclosan as an active substance in antimicrobial
products12.

1.4 Microalgae Remediation Mechanisms and Immobiliza-
tion

Freshwater microalgae in planktonic form can remove pollutants
from wastewater through three different mechanisms7,13. First,
bioadsorption allows the cell wall of the microalgae to collect
substances from aqueous solution and adhere pollutants to its
surface. The efficacy of this process differs depending on the
characteristics of the contaminant, such as its polarity and chem-
ical structure. One significant aspect of bioadsorption is that
it does not break down the pollutant. A second mechanism in-
volves bioaccumulation, which takes place when the cells uptake
the pollutant from the wastewater along with other substances
that may be present in the media. Lastly, biodegradation may
occur within the cell after the pollutants are accumulated during
the previous steps; microalgal enzymes degrade the pollutants
into smaller molecules.

Algae-based remediation has many advantages, because the
algae can tolerate many conditions, are self-sustaining through
photosynthesis, and can be immobilized in alginate beads to fa-
cilitate separation from the wastewater media14. Immobilization
of the microalgae increases its surface area, leading to a faster
rate of bioremediation for all pollutants13. The microalgae is
immobilized by trapping the algae in a hydrophilic polymer
that acts as a physical barrier between the microalgae and the
wastewater containing the pollutant15. The polymer encasing
the microalgae contains pores that allow the wastewater to dif-
fuse through the membrane and interact with the microalgae
within the bead. The pollutant either adsorbs to, bioaccumu-
lates within or is enzymatically degraded by the microalgae
into biodegradation products. The algae bead is responsible for
removing the contaminant, and the resulting “clean water” can

be separated from the beads in a filtration step.

1.5 Freshwater Strains that Remove Triclosan

Chlorella pyrenoidosa is a freshwater green algae commonly
used to remove pollutants16,17. C. pyrenoidosa has been an
effective remediator of heavy metals and pharmaceuticals from
aqueous solutions14,18. When targeting triclosan, C. pyrenoi-
dosa relies primarily on uptaking triclosan into its cells (bioac-
cumulation) rather than metabolizing it via biodegradation19.
Removal percentages range from 62% after 1 day to 69% af-
ter 7 days (initial concentration of 800 ng/mL)19. Most of the
triclosan (59%) accumulated within the cells after 1 day but
the high triclosan concentration inhibited microalgal growth19.
Other reports showed that the strain tolerated a range of triclosan
concentrations (100-800 ng/mL), of which 50% was removed
from solution through cellular update during the first 1 hour of
incubation20. A removal percentage of 77% was achieved after
96 hours of incubation with C. pyrenoidosa (800 ng/mL initial
concentration)20.

Scenedesmus quadricauda is a second freshwater strain used
to remove triclosan; it has a high growth rate, low nutrient
requirements, and tolerance to heavy metals21. S. quadri-
cauda was part of a consortium of microalgae and bacteria
that achieved 79% removal of triclosan within 5 days; however,
the initial triclosan concentration (8000 ng/mL) was toxic to
the consortium after those 5 days22. Scenedesmus obliquus,
a similar strain to S. quadricauda, achieved a 99.7% removal
rate of triclosan within one day19. In contrast to C. pyrenoi-
dosa, S. obliquus primarily biodegrades triclosan. The uptake
of triclosan by S. obliquus cells was minimal, with only 2.1%
absorbed in the first day and 1% after seven days, indicating
that degradation rather than accumulation was the primary re-
moval method19. Toxicity of triclosan (at 8000 ng/mL) to either
microalgae after 5-8 days of incubation may limit the applica-
tion of microalgae-based bioremediation22. Since Scenedesmus
strains tolerate municipal wastewater contaminants better than
Chlorella strains, co-culturing these strains for use in triclosan
remediation may be a compelling strategy23.

1.6 Clay Materials that Remove Triclosan

Clay minerals have surface areas that absorb pollutants in solu-
tion, and several have been evaluated for triclosan removal24,25.
Clinoptilolite is a naturally abundant high-silica zeolite that
removes 90-99% of triclosan from water without any loss of
efficiency over several cycles when the initial triclosan concen-
tration is 8,000 ng/mL26,27. Montmorillonite is a clay mineral
that is a common sorbent for industrial dyes because of its high
surface area and absorption capacity28,29. Montmorillonite ab-
sorbed approximately 85% of triclosan (initially 100 ng/mL) at
pH 4.7 and and 50% at pH 8.4 after 24 hours, demonstrating how
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pH can affect removal efficiency24. Moreover, at low pH values,
less montmorillonite was needed to remove comparable amounts
of triclosan, presumably due to the increased hydrophobicity of
triclosan at low pH. For these reasons, clay minerals may be a
useful supplement to bioremediation methods, depending on the
pH optimized for microalgae viability.

1.7 Problem Statement and Rationale

While planktonic microalgae (C. pyrenoidosa and S. quadri-
cauda) have been shown to be effective individual bioremedia-
tors of triclosan, the co-culture of these two strains immobilized
in alginate beads might yield has not been evaluated. Our re-
search posed these questions: What is the triclosan removal
percentage for co-culture of two effective strains that have been
immobilized into alginate beads? How does this compare with
empty alginate beads? What is the effect of supplementing
the algae bead cultures with clay minerals known to remove
triclosan?

1.8 Significance and Purpose

No study has been published on the triclosan remediation capac-
ity of immobilized mono-culture and co-culture of microalgae
incubated with triclosan. The significance of this study is the
prospect of identifying if algae beads pose a viable bioreme-
diation strategy. Configuring different remediation agents in
combinations could exploit the available mechanisms (adsorp-
tion to clay, bioadsorption to algae cells, bioaccumulation inside
algae cells and biodegradation by algae enzymes). These com-
binations might lead to triclosan reductions on short timescales
(hours, days). The practical application of this work is to develop
renewable, flexible and cheaper methods for removing antibi-
otics that might be superior to conventional advanced oxidation
processes.

1.9 Objectives

The main objectives of the study are:

1. To track the concentrations of triclosan in the presence of
2 types of microalgae beads over 120 hours.

2. To explore any synergistic effects of combining clay min-
erals and co-cultured microalgae beads at neutral pH on
triclosan removal.

1.10 Scope and Limitations

This is a preliminary exploration of new combinations of tri-
closan removal agents using analytical methods available to
students. The degradation of triclosan in aqueous media has
been characterized by other groups using gas chromatography-
mass spectrometry (GC-MS) and high performance liquid

chromatography-mass spectrometry (HPLC-MS) and is not the
focus of this work. Encouraging HPLC results are presented
about the percent triclosan reductions within hours of incubating
with new combinations. These findings warrant further confir-
mation with mass spectrometry, which is not part of the current
study.

1.11 Methodology Overview

Experimental studies (12-24 flasks, experimental duplicates, 3-6
times points each, 0-120 hours) were conducted to study the
ability of algae beads and clay minerals individually and in
combination to remove triclosan in the presence/absence of light
(Figure 1). The focus was on rapid removal (0-24 hours) and
on conditions that approximated actual wastewater treatment
facilities (pH 7-8). The bead concentration (4 beads/mL) and an
environmentally relevant concentration of triclosan (800 ng/mL)
were selected based on literature studies19,20.

Fig. 1 Experimental set-up inside a grow tent.

The two analytical methods used during these studies were
gas chromatography-mass spectrometry (GC-MS) and high per-
formance liquid chromatography (HPLC). The benefit of GC-
MS was the identification of the components in each sample
by molecular weight, namely of the target molecule triclosan.
However, the GC-MS instrument was no longer available for use
after Experiment A. Thereafter, HPLC was used as the primary
analytical method. Relying on HPLC to track relative changes
in triclosan concentration reduced the environmental impact
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of dichloromethane used in GC-MS analysis. Direct injection
of aqueous samples onto the HPLC column also significantly
reduced the sample preparation time compared to GC-MS.

2 Materials and Methods

2.1 Media, Chemicals and Instruments

• Media and Chemicals: municipal wastewater was ob-
tained from the La Canada Water Reclamation Plant of the
Los Angeles County Sanitation District. Chemicals were
purchased from Sigma: HEPES, Sigma H4034-25G; tri-
closan, Sigma 647950-1GM-M; calcium chloride, C5670-
100G. Clay minerals were obtained from the Clay Minerals
Society: SWy-3, Na-rich Montmorillonite; KGa-2, Kaolin-
ite. Zeolite (clinoptilolite, NAu-1) was sourced from Sweet-
water County, Green River, Wyoming. Other chemicals
such as methanol and dichloromethane were HPLC-grade.

• Immobilized Microalgae: Alginate beads containing
Chlorella pyrenoidosa, Scenedesmus quadricauda and co-
cultures of these two strains were purchased from Algae
Research Supply (ARS), Vista, CA. Empty beads (con-
taining water only, no algae) were provided by ARS for
comparison.

• Analytical Instruments: Triclosan concentrations were
determined using a research-grade GC-MS system (Agilent
7809A GC, equipped with an Agilent DB-5MS UI column
(30m, 0.250 mm diameter, 0.25 um film) or HPLC system
(Agilent 1100 Series equipped with an Agilent Eclipse
XDB-C18 column [3.5 um, 2.1 x 100 mm], diode array
detector set to 280 nm).

• Laboratory Equipment: Experimental flasks (sterile 50
mL square tissue culture flasks) were incubated on shakers
(100 rpm) housed in bench-top grow tents equipped with a
25W-equivalent LED light, light timer (12:12 on:off), fan,
and thermometer. Standard laboratory tools such as an an-
alytical balance, micropipettes, speed vacuum, centrifuge
and alcohol burners were used throughout the studies.

2.2 Media and Material Preparation

Air was bubbled through the wastewater to off-gas the chlo-
rine present as obtained directly from the Los Angeles County
Sanitation District. For the microalgae studies, HEPES was
added to the wastewater to reach a final concentration of 10 mM
HEPES and the pH was adjusted to 7.2. For the clay/microalgae
studies, a solution of 20 mM calcium chloride was prepared at
pH 7.2. All types of media were filter-sterilized through 0.2
micron filters and handled aseptically throughout the studies. A
stock solution of triclosan was prepared in methanol, protected

from light at all times and stored at 4 C prior to use. Clay was
conditioned for 20-24 hours at room temperature in calcium
chloride (20 mM, pH 7.2) without shaking prior to the studies.
This step saturates the clay surfaces with calcium to eliminate
any variability of the original clay materials prior to the addition
of triclosan.

2.3 Incubation Studies

For the microalgae studies, 50 mL square flasks contained tri-
closan (800 ng/mL), wastewater media (10 mM HEPES, pH
7.2 or 20 mM CaCl2, pH 7.2), 40 algae beads (4 beads/mL),
and clay (2.5 mg/mL of montmorillonite or clinoptilolite) where
noted. Microalgae beads were counted on sterile surfaces and
transferred aseptically to each experimental flask. Flasks were
exposed to 12 hours of light per 24-hour period. Half of the
experimental flasks were covered in foil to evaluate the role of
light on triclosan removal. Each experimental condition was pre-
pared in duplicate. Samples removed for analysis were protected
from light at all times.

For Experiment A, the total volume of each flask was 30 mL.
Aliquots (1 mL) were aseptically removed from each experi-
mental flask at individual time points (0, 1, 6, 24, 48, 96 hours),
evaporated to dryness, resuspended in dichloromethane and cen-
trifuged. Eight hundred microliters (800 uL) were transferred
to amber vials and analyzed by GC-MS. For Experiment B, the
total volume of each flask was 10 mL and the results were an-
alyzed by HPLC. Aliquots (300 uL) were removed aseptically
from each experimental flask at individual time points (0, 1, 6,
24, 48, 120 hours) and centrifuged for 5 minutes at high speed.
Supernatants (250 uL) were transferred to sleeved amber vials
and analyzed immediately using HPLC. This workup omitted
lengthy evaporation and resuspension steps required by GC-MS,
as well as the use of dichloromethane.

2.4 Analytical Methods

Standards and samples containing known amounts of triclosan
(0-1000 ng/mL) were prepared in media types, evaporated to
dryness and then resuspended in dichloromethane or methanol
to create calibration curves for triclosan determination (Supple-
mentary Material). For GC-MS analysis, the standards were
used to create a library of compounds to identify the composi-
tion of the experimental samples, and calibration curves were
linear over the range of 80-1000 ng/mL triclosan with a R2

value of 0.997 (Supplementary Material). For HPLC analysis,
peak areas of triclosan produced by the known standards were
selected manually, and the resulting calibration curve was linear
over the range of 100-900 ng/mL of triclosan with a R2 value
of 0.996 (Supplementary Material). Media-only samples were
injected to confirm peaks absorbing at 280 nm, the wavelength
selected for the diode array detector for triclosan. Experimental
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samples were normalized to the t = 0 values for each respective
group; the variability of these points was 11% (Supplementary
Material). For a signal intensity (i.e., peak area) that is less than
the t = 0 value, it was referred to as a reduction in triclosan con-
centration. Time points were expressed as a percent of triclosan
remaining relative to the t = 0 value for that experimental group.

The GC-MS protocol used in the study was based on liter-
ature reports and was refined as follows: 70 C for 1 minute,
15 C/minute until 320 C, then 5 minutes at 320 C. Injection
volume was 1.0 uL and the inlet temperature was 280 C1. The
carrier gas was helium flowing at 1.109 mL/min at 10.055 psi.
The HPLC protocol used in the study was based on literature
reports and was refined as follows: mobile phase of 70/30/0.1%
acetonitrile/water/acetic acid at 1.0 mL/min using an isocratic
gradient6. Injection volume was 40 uL; column temperature
was 25 C, and the method run time was 5.0 minutes. Triclosan
consistently eluted at t = 0.87 minutes and has a lambda max of
280 nm in the solvent system (Figure 2).

Fig. 2 Typical HPLC chromatogram obtained for triclosan standard
solution (280 nm) with known triclosan eluting at 0.87 minutes. The
peak at 0.25 minutes is nonbinding media constituents.

3 Results

3.1 Experiment A

The presence of a single species (C. pyrenoidosa) inside alginate
beads was evaluated for its effect on triclosan removal over
a period of 96 hours, compared to alginate beads containing
no microalgae (Figure 3). Within 1 hour of incubation, the
amount of triclosan in the presence of algae beads was reduced
by 68% compared to 8% in the presence of empty beads. After 6
hours, triclosan was reduced by 88% due to the C. pyrenoidosa
beads. After 24 hours of incubation, 92% of the triclosan was
removed by the algae beads compared to 24% by the empty
beads. Compared to the 24-hour data, the percent reductions at
96 hours for both experimental groups remained unchanged.

3.2 Experiment B

This experiment explored the triclosan removal capacity of beads
containing a co-culture of C. pyrenoidosa and S. quadricauda
in the presence and absence of clay minerals (montmorillonite,

Fig. 3 Percentage of remaining triclosan in flasks containing empty
alginate beads or Chlorella pyrenoidosa beads in the presence of 12
hours of light per 24-hour period.

clinoptilolite). Similar to Experiment A, the empty beads pro-
duced minimal remediation after 120 hours: 16% concentration
reduction with light, 20% concentration reduction in the dark
(Figures 4 and 5). The co-culture/dark conditions led to signifi-
cant percent reductions within 1-24 hours as shown in Figure 4:
51% (1 hour), 69% (4 hours), 74% (24 hours), 73% (48 hours)
and 88% (120 hours). The co-culture/light experimental groups
showed an increase in signal intensity for time points at 1, 4,
and 24 hours (Figure 5). The percent triclosan reductions for
the co-culture/light flasks were 23% (48 hours) and 68% (120
hours).

Fig. 4 Percentage of remaining triclosan in flasks containing empty
alginate beads or co-culture beads.

Fig. 5 Percentage of remaining triclosan in flasks containing empty
alginate beads or co-culture beads in the presence of 12 hours of light
per 24 hour period.

The effect of clay minerals on triclosan removal is shown in
Figures 6 and 7. The percentage of triclosan remaining was
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observed in flasks containing (a) clinoptilolite in the dark (34%
reduction at 120 hours), (b) montmorillonite in the dark (26%
reduction at 120 hours), and (c) empty beads in the dark (20%
reduction at 120 hours). The percent reductions after 120 hours
in the presence of light were smaller: (a) 13% for clinoptilolite,
(b) 6% for montmorillonite, and (c) 16% for empty beads. The
signal intensity in flasks containing montmorillonite in the pres-
ence of light increased after 1, 4, and 24 hours of incubation
(Figure 7).

Fig. 6 Percentage of triclosan remaining over 120 hours in the
presence of empty beads, clinoptilolite, or montmorillonite in the
absence of light.

Fig. 7 Percentage of triclosan remaining over 120 hours in the
presence of empty beads, clinoptilolite, or montmorillonite with 12
hours of light per 24-hour period.

The amount of triclosan remaining after incubation with co-
culture microalgae beads and individual clay minerals in com-
plete darkness is shown in Figure 8. The steepest reductions
in triclosan were observed within 1-4 hours (48%-69%), with
steady reductions continuing through 120 hours. There were
minimal differences in this trend regardless of the presence
of clinoptilolite or montmorillonite. By t=120 hours, the per-
cent reductions in the co-culture flasks with montmorillonite,
clinoptilolite, and no-clay were comparable (86%, 85%, 88%
for co-culture/mont, co-culture/clino, co-culture alone, respec-
tively).

In contrast, flasks exposed to 12 hours of light per 24-hour
period showed increases in signal intensity at 280 nm after 4
hours of incubation, which was sustained through 24 hours be-
fore decreasing between 48 and 120 hours (Figure 9). By t=120
hours, the percent triclosan reductions from the co-culture flasks
with montmorillonite, clinoptilolite, and no-clay varied mod-
erately (72%, 64%, 68% for co-culture/mont, co-culture/clino,
co-culture alone, respectively).

Fig. 8 Percentage of triclosan remaining during incubation with
co-culture beads and clay minerals in the dark.

Fig. 9 Percentage of triclosan remaining during incubation with
co-culture beads and clay minerals with 12 hours of light per 24-hour
period.

4 Discussion

4.1 Restatement of Key Findings

Data from Experiments A and B showed the impact of immobi-
lized microalgae (C. pyrenoidosa, S. quadricauda) on triclosan
removal, with noteworthy triclosan reductions after 4-6 hours
compared to empty beads under specific experimental condi-
tions. The results demonstrate that the microalgae was responsi-
ble for remediating the triclosan, rather than the polymer casing
of the bead itself. The rapid reduction of triclosan by microal-
gae beads (either mono- or co-culture) confirmed our hypothesis
that immobilized beads might be viable remediators. The quick
action suggests bioadsorption as the removal mechanism, al-
though researchers report rapid biodegradation of triclosan by
planktonic C. pyrenoidosa20.

In Experiment B, it was unexpected to observe increases in
HPLC signal intensity during 4-24 hours in the presence of
microalgae beads (Figure 5), clay minerals (Figure 7), and mi-
croalgae/clay combinations (Figure 9) exposed to light. We
would expect that all samples exposed to light would have less
triclosan present over time, due to the half-life of triclosan in
aqueous solution and photodegradation products characterized
in the literature1. Researchers have documented the release of
proteins and other compounds by microalgae exposed to high
doses of triclosan, which might inflate the signal intensity at 280
nm and apparent concentration of triclosan20. However, this
speculation does not account for the increase in signal intensities
for the clay-only flasks. It is possible that photoinduced dimer-
ization of triclosan might be taking place at these concentrations,
which would lead to an increase in signal intensity due to the

6 | NHSJS Reports © The National High School Journal of Science 2025



higher molar absorptivity of triclosan dimers30. Future work
with HPLC-MS is needed to confirm the nature of the increases
in peak area.

4.2 Implications and Significance

These preliminary findings might have implications for mu-
nicipal wastewater processing. The alginate beads offer the
chance to be integrated into existing processing facilities be-
cause they can be handled more easily than planktonic cultures
of C. pyrenoidosa and S. quadricauda. After sufficient remedia-
tion, the microalgae could be harvested from the beads, further
processed, and used as biofeedstocks for other products. The
observed removal results from cultures incubated in the dark
also suggest that access to light during processing may not be
required.

4.3 Connection to Objectives

Measuring triclosan reductions during incubation with microal-
gae beads and clay minerals were the 2 objectives achieved
in this study. We are pleased that reductions of 64-88% were
achieved in 4-6 hours with microalgae beads, which is similar
to the results obtained when planktonic microalgae is used. We
observed that supplementing microalgae with clay minerals does
not significantly boost triclosan removal percentages at neutral
pH and can conclude that clay minerals would not be a useful
supplement to improve upon the 64-88

4.4 Recommendations

Several recommendations are offered for future studies. First,
the possible mechanisms of triclosan removal should be ad-
dressed by using HPLC-MS to characterize the composition of
the peaks at retention times consistent with triclosan. Second,
head-to-head comparisons of immobilized forms of C. pyrenoi-
dosa, S. quadricauda and the co-cultures of these strains might
uncover which strain is the faster remediator or employs a more
efficient removal mechanism. Furthermore, characterizing the
bioaccumulation vs. biodegradation pathways of triclosan re-
moval may inspire the use of different algae consortia to improve
speed and efficiency of triclosan remediation.

4.5 Limitations

The percent decreases in triclosan concentrations for select ex-
perimental groups are valid on a preliminary basis. However,
mass spectrometry (MS) coupled with HPLC is needed to con-
firm the composition of the peaks in spite of their symmetry and
consistent retention times. The nature of these heterogeneous
samples (microalgae, alginate bead, clay minerals) requires ad-
ditional analysis.

4.6 Closing Thought

This study is likely the first to explore how immobilized co-
cultures of C. pyrenoidosa and S. quadricauda might remove tri-
closan from wastewater. Our findings suggest that these strains
in alginate bead form can reduce triclosan concentrations after
short incubation periods in the dark. Moreover, once the mi-
croalgae has remediated the target pollutants, these cells could
be harvested for biofuel or biofeedstock. Further work is needed
to optimize how microalgae beads (mono-culture, co-culture,
strain adaptability) can remove antibiotics accumulating in our
environment after they have served their purpose.
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