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ABSTRACT
As attention is drawn towards the monitoring of the so-called emerging pollutants, some common household chemicals are 
not well researched. Household antimicrobials can also present wastewater treatment challenges if not taken cognisance of. 
Herein we report the application of a recently reported coupled dispersive liquid-liquid micro-extraction (DLLME) with 
supported liquid phase micro-extraction (LPME) for the extraction of triclosan from wastewater. A univariate approach was 
used to investigate various parameters amenable to DLLME while no attempt was made to optimise the LPME, achieving 
the following optimum conditions: 25 µL of a 1:1 toluene-chloroform mixture with 10% sodium chloride into 1 mL aqueous 
triclosan solutions and extraction time of 15 min achieving an enrichment efficiency 167 times the reference solution 
prepared with distilled water, good linearity (R2 = 0.9946) with the estimated limit of detection at 0.013 µg/mL and good 
repeatability (%RSD ≤ 10). The method showed considerable ruggedness with a similar linearity (R2 = 0.9957) and repeatability 
(%RSD < 10), with only the limit of detection being compromised (0.31 µg/mL) when applied to a wastewater sample using a 
matrix-matched standard addition approach. Although the GC-FID method detected triclosan in the wastewater sample, the 
results were negated by those from the GC-MS; as such it therefore could not be concluded with confidence whether the water 
contained any triclosan or not. However, the results demonstrated the potential of this method in determination of triclosan 
in water-based samples when the extraction was coupled to a more rugged system such as a GC-MS. 

Keywords: dispersive liquid-liquid microextraction, liquid phase microextraction, coupling, mixed-solvents, 
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INTRODUCTION

Environmental monitoring remains a daunting challenge for 
environmental health practitioners and regulators with the 
continual entry of new chemical compounds into the ecosystem 
from various sources, which has resulted in coining of the 
term ‘emerging pollutants’ (Dimpe and Nomngongo, 2016), 
owing to the fact that these compounds have not traditionally 
been of major concern until recently. At the top of this list 
are the pharmaceuticals (Oliveira et al., 2015), since these are 
used widely for improving human health. Domestic products 
are some of the least investigated pharmaceuticals as they are 
not as widely reported as their medical counterparts. Many 
domestic products contain antimicrobials that can present 
a potential disturbance to the natural ecosystem if they are 
disposed of indiscriminately (Kookana et al., 2014; Zhang et 
al., 2016). The most commonly used antimicrobials include 
triclocarban and triclosan that are reportedly used in most 
domestic personal hygiene products such as hand and body 
washes, toothpastes, mouth rinses, and in fabrics and plastics to 
inhibit microbial growth (Thompson et al., 2005). Due to their 
extensive use, these compounds have been detected in human 
body fluids such as plasma, urine and breast milk (Silva and 
Nogueira, 2007). 

Environmental monitoring studies have indicated 
that these compounds are also present in various aquatic 

environments such as rivers, estuarine water and drinking 
water, as a result of discharges from wastewater treatment 
plants (Peng et al., 2016; Madikizela et al., 2017). Triclosan 
was among the top 7 organic wastewater contaminants found 
in samples from a network of 139 streams across 30 states 
in 1999 and 2000 by the United States Geological Survey. 
Concentrations of up to 74 ng/L were detected in lakes and 
rivers in Switzerland (Lindström et al., 2002), and in wastewater 
treatment plant influent in the United States of America, 
Sweden, Switzerland and Denmark with concentrations 
ranging from 0.1 to 16.6 μg/L, while concentrations in the 
effluent ranged from 0.1 to 2.7 μg/L and concentrations in the 
sludge ranged from 0.028 to 15.6 μg/L (Samsøe-Petersen et al., 
2003). Further information on environmental risk assessment 
of triclosan is available in the EPA publication ‘Preliminary 
ecological hazard and environmental risk assessment science 
chapter for the triclosan reregistration eligibility decision 
document’ (USEPA, 2008).

This widespread use of these antimicrobials makes them 
somewhat ubiquitous in the environment, since they cannot 
undergo microbial degradation. This warrants some serious 
attention regarding the environmental fate of these chemicals. 
Consequently, a number of methods are being developed and 
reported regularly for monitoring of these chemicals (Silva and 
Nogueira, 2007; Jorge et al., 2009). The most preferred methods 
are those involving chromatography since they include the 
online separation of a usually highly complex matrix in which 
these compounds occur in the environment (George et al., 
2014). However, given the complexity of the said matrices, 
sample preparation is usually paramount to reduce this 
complexity, remove interference, increase the concentration 
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of the analytes as well as convert those not analysable to be 
analysable prior to the instrumental analysis. In this respect, 
liquid-based methods are receiving a lot of attention owing 
mostly to their ease of modification, affordability, lack of or low 
sample carry-over and the speed of sampling, relative to their 
solid-based counterparts (Sarafraz-Yazdi and Amiri, 2010).

A number of liquid-based methods have been and continue 
to be reported with success since the first publication of the 
miniaturised drop-based method in the mid-1990s (Dasgupta 
and Lui, 1996). Three main classes have been reported, namely, 
supported liquid phase microextraction (LPME) using hollow-
fibre membranes impregnated or filled with the organic solvent 
(Audunsson, 1986; Ho et al., 2002), dispersive liquid-liquid 
microextraction (DLLME) (Rezaee et al., 2006) employing a 
binary organic solvents mixture – extracting and dispersing 
solvents respectively, and the drop-based formats with their 
reported modifications, some of which include an introduction 
of a simple air bubble reportedly for either ensuring dynamic 
extraction (Farajzadeh et al, 2011) or to increase the extraction 
kinetics through the increased surface area (Williams et al., 
2011). However, these techniques are rarely coupled; so far only 
two attempts have been reported where a modified dispersive 
solvent microextraction was coupled to headspace solid 
phase microextraction with some degree of success, except 
the technical setbacks of fibre swelling (George et al., 2015), 
and recently a combination of DLLME with HF-LPME for 
extraction of atrazine and hexestrol from aqueous solutions 
achieving good figures of merit intermediate between the 
two techniques (Letseka and George, 2016). However, despite 
significant attention to the miniaturised liquid-based methods, 
they are not receiving as much recognition toward becoming 
established as official methods, possibly due to the disadvantage 
of the difficulty in automation (Chimuka et al., 2007), and 
the reported reluctance of the accreditation bodies to change 
the existing methods (Pawliszyn, 1995) as well as requiring a 
well-trained analyst with excellent hand-eye coordination to 
carefully pipette immiscible layers of similar appearance  each 
time compounds are extracted between an aqueous and organic 
layer (Juhascik and Jenkins, 2009).

Herein we report the application of the recently reported 
coupled DLLME with HF-LPME (Letseka and George, 2016) for 
the determination of triclosan from wastewater samples obtained 
from a sewage water pond that is earmarked for production of 
biogas using microbial degradation of sewage algae.

EXPERIMENTAL

Chemical and standard solutions

Triclosan [5-Chloro-2-(2,4-dichlorophenoxy)phenol, CAS 
3380-34-5] and diphenylamine were obtained from Sigma 
Aldrich (Johannesburg, South Africa). Acetonitrile, ethanol, 
ethylacetate, chloroform and toluene were obtained from 
Riedel-de Haën (Seelze, Germany), and NaCl was obtained 
from ACE (Johannesburg South Africa). The distilled 
water was prepared in-house using an ELGA PURELAB 
Option-Q (London, UK) water system. The Accruel Q3/2 PP 
polypropylene hollow fibre membrane with dimensions of 600 
μm (internal diameter) × 200 μm (wall thickness) × 0.2 μm 
(pore size) was obtained from Membrana GmbH (Wuppertal 
Germany) and cut in 1 cm strips using a measuring ruler and a 
pair of scissors.

The standard stock of concentration 10 mg/mL was 
prepared by dissolving pre-weighed amounts of triclosan in 

1 mL of ethanol. This solution was diluted serially to achieve 
lower working concentrations as necessary using ethanol or 
water. All of the solutions were stored in the refrigerator at 
temperatures below 5°C when not in use.

Instrumentation

Following the extraction of triclosan during optimization, 
the analysis was carried out using a Varian 3800 Gas 
Chromatograph (California, USA) equipped with a flame 
ionization detector and a 30 m × 1 μm × 0.53 mm SGE-BP5 
(5% phenyl-95% dimethyl-polysiloxane) column (Texas, 
USA). Nitrogen gas (5.0 Grade) was used as a carrier gas and 
maintained at 5 mL/min while hydrogen and air were used for 
the detector. The injector and detector temperature were set at 
250°C and 200°C, respectively. The column was held at 100°C 
for 2 min, then ramped at 20°C/min to 300°C and held for 3 
min to achieve a total run time of 15 min. 

For the determination of triclosan in wastewater, the 
secondary analysis was carried out using a Shimadzu QP2010 
GC-MS (Kyoto, Japan) fitted with an Rtx-5ms capillary column 
of 30 m x 0.25 mm x 0.25 μm dimensions with the same gas 
chromatograph settings as above, including the use of helium 
(Grade 5.0) as a carrier gas at a flow rate of 1 mL/min. The mass 
spectrometer settings included the electron impact voltage of 70 
eV with acquisition carried out relative to the tune file, the ion 
source temperature was set at 200°C and that of the interface 
at 240°C. Initially the acquisition was set on full scan with the 
m/z values in the range 50–350 for identification, followed by 
selected ion monitoring using the m/z values 288 and 218 as a 
reference and qualifying ions, respectively, derived from the 
mass spectrum of triclosan standard. 

Extraction procedure

The extraction procedure was followed as described elsewhere 
(Letseka and George, 2016). The 1-mL volumes of 25-µg/mL 
aqueous triclosan solutions were spiked with 25 µL of an 
organic solvent (or solvent mixture) and shaken vigorously to 
achieve homogeneity. After being allowed to stand, a 1-cm long 
hollow fibre membrane filled with the extracting solvent fitted 
at the tip of the Hamilton syringe was introduced carefully 
into the solution. After the extraction time had elapsed, 3 μL 
was withdrawn and injected into the gas chromatograph for 
analysis. Different parameters, namely, effect of the different 
dispersed organic solvent, effect of different compositions of the 
binary solvent mixture, effect of ionic strength and extraction 
time, were assessed for their effect on the extraction of triclosan 
in a univariate fashion. 

Among the most commonly studied parameters are ionic 
strength and H+ ion activity, commonly referred to as pH. 
However, owing to the weak ionisation ability, pKa = 7.9, 
triclosan would not be affected that much by the variation of pH 
of the aqueous solutions. Hence this parameter was not studied.

Real water sampling

The method’s applicability to real samples was assessed using 
water samples from a river and the sewage treatment pond. The 
water samples were collected in 50-mL Schott bottles as follows: 
wastewater sample was obtained from the old sewage treatment 
ponds north of the National University of Lesotho (NUL) Roma 
campus in Maseru. Despite being decommissioned, this pond 
system still receives a considerable amount of wastewater from 
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the university residence. As has been stated, this pond is the 
subject of the biofuel generation project through the enhanced 
microbial biodegradation of sewage algae. The river water 
samples were collected from Liphiring River about 3 to 4 km 
north-west of the Roma campus, and a few meters upstream of 
the road bridge to avoid the potential traffic-induced organic 
pollution. The samples were stored in a refrigerator at 5°C till 
further use. Once the optimised conditions were determined, 
the samples were subjected to the same treatment as the 
aqueous surrogates with and without being spiked with the 
triclosan standard.

The wastewater sample was further subjected to standard 
addition given the higher recovery that was recorded compared 
to the river water sample. The matrix-matched linear regression 
analysis was carried out to determine the linearity, limits of 
detection and the concentration of triclosan in the sewage water 
sample.

All the analyses were carried out in triplicate unless 
otherwise stated under the relevant section of the results and 
discussion.

RESULTS AND DISCUSSION

Optimization of extraction conditions

Determination of the ideal solvent mixture of the pre-
dispersed organic solvent

One of the attributes of solvent microextraction is the ease 
with which one can change from one solvent to the other for 
improved extraction. Consequently, the effect of changing 
solvents on the extraction of triclosan was evaluated for 
different solvents after dispersing these solvents in respective 
solutions: methanol, acetonitrile, chloroform, ethylacetate, 
and toluene, as well as their binary mixtures, having noted the 
importance of solvent mixtures on extraction improvement 
(George et al., 2015). Figure 1 shows the representative 
behaviour for the different solvents and their mixtures 
following their dispersion and extraction. 

From Fig. 1, it can be seen that the toluene-chloroform 
mixture (denoted as Tol+Cfm) out-performed the rest of the 
mixtures, even those not appearing in the figure. The higher 
extraction with chloroform mixture could be due to the 

compensatory behaviour of the two solvents; toluene being 
non-polar and aromatic offers some π-π interactions with 
triclosan while the chloroform interacts with the polar side of the 
triclosan. The drop with ethylacetate could be attributed to the 
greater solubility of this solvent in water, hence leading to a lower 
recovery of this solvent in the acceptor solvent. Consequently, the 
toluene-chloroform mixture was chosen as the best dispersing 
solvent mixture for the subsequent experiments.

Determination of the most effective toluene-chloroform 
volume ratio on the extraction 

To determine the best solvent mixture, different toluene-
chloroform mixtures were prepared and spiked into the 1-mL 
aqueous samples and extracted appropriately. Figure 2 shows 
the effect of differing toluene-chloroform compositions spiked 
into the surrogate aqueous solution on the extraction efficiency.

From Fig. 2, a 1:1 mixing ratio of the two solvents 
demonstrated the highest degree of extraction; consequently, it 
was regarded as the optimum ratio. The increase in extraction 
efficiency could be due to the increased polarity of the 
extracting solution as chloroform is more polar than toluene 
thus making triclosan more soluble in the extracting solvent, 
while toluene still offers π-π interactions as mentioned earlier. 
The decrease in efficiency beyond 50% could be attributed to 
the fact that there is more solvent remaining in the aqueous 
solution after the extraction which still can retain the pre-
extracted analytes. 

Determination of the ideal volume of the pre-dispersed 
organic solvent

From the previous experiment with related compounds, toluene 
was chosen as a base solvent given its aromatic nature relative 
to the analytes; hence it was still applicable for triclosan, and 
analytes of interest in the current study. Several 5 µg/mL × 
1-mL surrogate aqueous solutions were spiked with different 
volumes of toluene and subjected to 10-min extractions. Figure 
3 shows the effect of varying the volume of the dispersed 
toluene-chloroform mixture on the extraction of triclosan.

The results in Fig. 3 are referenced against a simple 
HF-LPME where no dispersing solvent was added to the 
aqueous solution. As can be seen, the volumes of 25 and 50 µL 

Figure 1
Effect of different organic solvent pre-dispersed in the aqueous samples 

on extraction of triclosan. Conditions: 1 mL of 25 µg/mL aqueous 
triclosan sample; 50 µL of the dispersed solvent volume; extraction time, 

10 min with toluene as the acceptor solvent filled in the 1 cm fibre; the 
error bars indicate the standard deviations for  n = 3.

Figure 2
The effect of varying chloroform composition on the triclosan extraction. 

Conditions: 1 mL of 25 µg/mL aqueous triclosan sample; 50 µL of the 
dispersed solvent volume; extraction time of 10 min with toluene as 

the acceptor solvent filled in the 1 cm fibre; the error bars indicate the 
standard deviations for  n = 3.
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of toluene-chloroform mixture resulted in an approx. 25% 
increase over a simple HF-LPME. The results are consistent 
with those reported previously (Letseka and George, 2016), 
in that beyond 25 µL of the toluene-chloroform mixture 
some sedimentation started to form. The lower volume of the 
dispersed solvent leads to concentration of triclosan due to the 
higher volume ratio of the aqueous to organic solvent. However, 
this makes the organic solvent less accessible to the acceptor 
phase, while at the higher volume of the dispersed solvents 
the concentration of the analytes gets diluted, and since not 
all of the organic solvent dispersed in the aqueous solution 
is completely absorbed into the acceptor phase, a lot of the 
sample remains in the aqueous solution still dissolved in the 
dispersed solvents. Consequently, 25 µL was chosen as the ideal 
solvent volume since the appearance of sedimentation was slow 
and allowed the 10-min extraction to be completed with only 
limited intermittent sedimentation being observed in some 
(and not all) of the trials. The smaller volume used also leads to 
a smaller volume of organic solvent being discarded as waste 
after the extraction process is complete.

Effect of increased ionic strength of the aqueous solution 
on extraction efficiency

The addition of salt is traditionally used to increase the 
extraction efficiency due to the salting-out effect. This effect is 
also employed in an effort to increase the ionic strength of the 
solutions to mimic the natural environmental conditions, as 
environmental water contains a myriad of dissolved salts that 
can significantly increase its ionic strength. Usually, sodium 
chloride is used (Sharifi et al., 2016), with only a few reports of 
sodium sulphate for this purpose (Zambonin and Palmisano, 
2000). This was found to stabilise organic droplets in drop-based 
methods while also reducing the miscibility of the two solvents 
(George, 2016). Different amounts of NaCl were added to the 
1-mL aqueous surrogates and extracted accordingly. Figure 4 
shows the effect of varying NaCl between 0 and 20% (w/v). 

As can be seen from Fig. 4, the extraction efficiency 
increases with sodium chloride percentage composition until 
around 10% and is sustained thereafter. The increase can be 
attributed to the salting-out phenomenon, while the stable part 
beyond 10% NaCl is difficult to explain. There are reports that 
at higher NaCl concentrations, not only do the analytes salt out, 
but even the extracting solvent, hence resulting in a reduction 

in extraction efficiency (Chen et al., 2014). Therefore, 10% NaCl 
was chosen to afford the optimum ionic strength.

The effect of varying the extraction time on the extraction

Owing to the fact that the LPME system exposes a much lower 
surface for mass transfer than both DLLME and drop-based 
methods, it is typified by the considerably longer extraction 
times than the other two named techniques. Figure 5 shows 
the extraction-time profile under the optimised conditions as 
determined in the preceding sections.

Figure 5 shows that the extraction efficiency increased with 
time and peaked at around 15 min after which it remained 
almost constant. This observed extraction time is significantly 
shorter than the extraction times reported for classical LPME, 
which takes about 4 to 5 times longer (Chimuka et al., 2007). 
This therefore is a significant improvement in the extraction 
rate. The extraction time of 15 min was therefore chosen as an 
ideal extraction time without stirring – stirring could possibly 
decrease this time even further.

Validation of the method using the optimised conditions 

The optimum conditions can be summarised as follows: 
spiking of 1 mL aqueous sample solutions with 25 μL of 
1:1 toluene:chloroform mixture, 0.1 g (10% m/v) NaCl with 
the static extraction time of 15 min. The usual validation 
parameters applicable to newly-developed methods were 
determined under the optimised conditions (Table 1).

As can be seen in Table 1, the optimised method yielded 
a very good enrichment factor of 167 relative to the aqueous 
solution. This is almost double the value obtained with atrazine 
(87) in the previous study (Letseka and George, 2016). This 
could be related to the reported poor solubility of triclosan in 
water, 0.01 g/L; as compared to atrazine with about 3.5 times 
higher solubility than triclosan at 34.7 mg/L. Since triclosan is 
less soluble in water, it extracts more into the organic solvent 
thereby achieving higher enrichment factors. The method 
further demonstrated sufficient linearity (R2 = 0.9946) in the 
range 0.1–20 µg/mL, with satisfactory inter-vial repeatability 
(%RSD < 10%) at a concentration of 1 µg/mL (n = 3) and a limit 
of detection of 0.013 µg/mL which, interestingly, matched those 
obtained for the other two analytes, atrazine – 0.018 µg/mL and 

Figure 3
The effect of varying volume of the pre-dispersed solvent on extraction. 

Conditions: 1 mL of 25 µg/mL aqueous triclosan sample; 50 µL a 1:1 
toluene-chloroform as the disperser solvent; extraction time of 10 min 

with toluene as the acceptor solvent filled in the 1 cm fibre; the error bars 
indicate the standard deviations for  n = 3. 

Figure 4
The effect of addition of sodium chloride salt on triclosan extraction. 

Conditions: volume, 1 mL of 25 µg/mL triclosan aqueous sample; 25 µL 
of a 1:1 (v/v) chloroform:toluene mixture with the extraction time of 20 

min and with toluene as the acceptor solvent; the error bars indicate the 
standard  deviations for  n = 3.
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hexestrol – 0.016 µg/mL, determined using the same approach 
(Letseka and George, 2016); this is despite triclosan’s superior 
enrichment factor. This could point towards the drawback of 
the statistical method of determination of limits of detection 
that relies heavily on the method’s analytical sensitivity (slope) 
(Vial and Jardy, 1999), as opposed to deriving this directly 
from the 3 × S/N ratio, which is also considered too subjective 
by other researchers (Ribani et al., 2007). The repeatability 
of the method was assessed for both inter- and intra-vial, 
although only the entry for inter-vial repeatability was noted 
as this was the approach that was used consistently. Accuracy 
validation was not carried out due to the unavailability of the 
corresponding certified reference samples. 

Application of the extraction method for the 
determination of triclosan in wastewater samples

The applicability of the method to the real samples, the river 
and sewage water samples, was carried out by treating the 
samples as the aqueous surrogates and extracting them under 
the optimised conditions. The sewage water sample showed 
a small peak at about the same retention time as triclosan (11 
min), while the river water sample did not show anything. 
The spiked samples showed recoveries of 102% and 140% for 
river and wastewater samples, respectively, meaning that the 
triclosan in the analyte could have contributed about 40% 
of the standard, translating to about 0.4 µg/mL triclosan. 
Considering that related studies obtained much lower levels of 
triclosan in sewage water, and the fact that the detector used, 

FID, is non-discriminatory, prompted the determination of the 
triclosan in a matrix-matched approach where the matrix effect 
will be reduced. 

To achieve this feat, the wastewater sample was spiked with 
different volumes of the triclosan standard to achieve different 
concentrations. These solutions were thereafter extracted 
and analysed appropriately following the standard addition 
approach. Table 2 shows the parameters obtained from the 
regression analysis.

From Table 2, it is clear that the signal obtained with 
the wastewater could not be attributed to triclosan only. The 
obtained level with the standard addition approach is far below 
the LOD of the method (0.31 µg/mL), and hence it is also below 
the quantitation limit of the method since the quantitation limit 
is about three times the LOD. Therefore, the obtained amount 
of 0.044 µg/mL has no significance and as such cannot be 
stated with confidence. However, this value is considered much 
better than the 0.4 µg/mL obtained with an external calibration 
approach, emphasising the importance of the standard addition 
method in reducing the negative matrix effect.

Given the inconsistency of the obtained amounts of 
triclosan with the different approaches, namely, external 
calibration and standard addition, a confirmatory test was 
carried out using a GC-MS as described in the instrumentation 
section, using a scanning mode for a simple screening and 
using selected ion monitoring for quantification. The results 
demonstrated that the peak at the retention time of triclosan 
observed during the GC-FID analysis was probably a different 
compound as triclosan was not detected using a GC-MS, 
which is a more powerful technique and better suited to 
identification applications. Given that the GC-MS previously 
obtained detection limits about three orders of magnitude 
lower than GC-FID for an optimised extraction for atrazine 
and hexestrol (Letseka and George, 2016), it was considered 
prudent to disregard the GC-FID results (showing presence of 
triclosan) in favour of those from the GC-MS (showing absence 
or presence below detectable levels). The low level of triclosan, 
below the detection limits of the method and the instrument, 
in the wastewater could be explained by its low water-solubility, 
thus leading to very low amounts dissolving in the wastewater, 
with the bulk, if any, precipitating out or adsorbing to any solid 
suspensions present in the pond and thus making it unavailable 
to the extraction method. Another important factor to consider 
is that a survey of the antimicrobial-containing products in the 
local markets around the NUL campus found that they mostly 
contained triclocarban, further supporting the low levels of 
dissolved triclosan in the water sample.

However, given the importance of this sewage pond, which 
has been designated for the production of biogas from sewage 

Figure 5
The extraction-time profile of triclosan under the optimised extraction 
conditions: 1 mL of 25 µg/mL aqueous triclosan sample to which NaCl 

was added (10% w/v); 25 µL of 1:1 (v/v) chloroform:toluene mixture and 
toluene retained as the acceptor solvent; the error bars indicate the 

standard deviations for n = 3.

Table 1
Some analytical regression analysis data obtained under 

optimum conditions

Analytical parameter Obtained value

Enrichment factor# 167
Linearity, R2 0.9946
Estimated LOD* (µg/mL) 0.013
Inter-vial repeatability (%) 10

# Enrichment factor calculated from, EF =  corg /caq
* LOD calculated from the equation, LOD = 3 × std error of intercept
	 slope

Table 2
Some analytical data for determination of triclosan in 

wastewater samples using a standard addition approach

Analytical parameter Obtained value

Linearity, R2 0.9957
Estimated LOD* (µg/mL) 0.31
Amount of triclosan in the sample (µg/mL) 0.044
Repeatability (%RSD) 9.7

*	 Limit of detection (LOD) calculated from the equation, 
 	 LOD = 3 × std error of intercept
	 slope
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microalgae using some microbial agents, it is important to 
ascertain this amount with confidence, lest it presents negative 
effects to the microbial activity and hence the biogas yield, 
should triclosan be present in the sewage water. Therefore, this 
pond system will be a subject of further studies with better 
developed and exhaustive techniques such as solid phase 
extraction coupled to mass spectrometric detection, in order to 
determine this compound with better confidence.

CONCLUSIONS

The reported method, LPME coupled with DLLME, has 
demonstrated sufficient applicability in the determination 
of triclosan, one of the most commonly used domestic 
antimicrobials. Under the optimum conditions, namely, 25 
µL of 1:1 (v/v) chloroform:toluene, 10% NaCl, with 15 min 
extraction time, the method demonstrated satisfactory figures 
of merit, including enrichment factor (167), sufficiently 
low detection limits (0.013 µg/mL) with the use of a flame 
ionization detector, sufficient linearity (R2 = 0.9946) and 
significant inter-vial repeatability with %RSD < 10 for n = 3 
samples, using external standard calibration. 

Comparable parameters were still obtained using the 
matrix-matched standard addition approach, linearity (R2 = 
0.9957), and inter-vial repeatability (%RSD = 9.7%), with only 
the limit of detection being compromised (0.31 compared to 
0.013 µg/mL obtained with standards). However, spurious 
results were obtained in the application of the method to the 
sewage water samples, in that the amount of triclosan (0.044 
µg/mL) was found to be below the limit of detection (0.31 µg/
mL) while using the GC-FID, hinting that the obtained results 
could be a result of some interference. The GC-MS analysis did 
not pick up any triclosan in the water sample from both the 
scanning and selected ion monitoring. 

Despite not detecting this analyte, the obtained results 
still suggest that the coupled dispersive liquid-liquid 
microextraction with hollow-fibre liquid phase microextraction 
can claim a place in the extraction protocols for trace analysis 
of organic pollutants. The results further demonstrate the 
rigour of the standard addition approach that is so seldom used 
and reported in literature. On an environmental note, these 
results do not presume that there is absolutely no triclosan in 
the river sample, nor the sewage pond; follow-on studies with 
more exhaustive techniques, such as solid phase extraction, 
are therefore recommended to confirm or disprove the absence 
reported herein. 
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