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ABSTRACT

As the search for efficient, affordable and environmentally friendly extraction methods continues, miniaturized solvent tech-
niques are receiving considerable attention due to their simplicity, efficiency and fast extraction rates. Herein we report applica-
tion of a modified dispersive liquid-liquid microextraction through the introduction of a second extracting solvent in place of a
disperser solvent leading to a much improved organic solvent recovery after the extraction of phthalic acid esters from aqueous
solutions. The method employs a 75 uL binary mixture of ethylacetate and tetrachloromethane with a 3:1 ratio, extraction time of
20 seconds, and 10 % NaCl. The method demonstrates sufficient linearity (R* = 0.9866) and repeatability (%RSD < 12.5, forn = 15)
with the estimated LOD in the range (0.01-0.05 ng mL™) using the S/N approach. The method demonstrated significant
enrichment factors averaging about 2100 with headspace and about 3000 and increase of over 40 % without headspace, indicating
the importance of reduced headspace volume in this approach, especially if the ionic strength is increased. However, the method
yielded a significantly wide range of recoveries (65-115 %) when applied to the analysis of spiked soil samples when coupled to
hot-water extraction. However, this may not be entirely attributable to the extraction approach but rather heat-induced hydrolysis

during the hot-water dissolution, prior to the proposed organic extraction method.
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1. Introduction

Phthalic acid esters (PAEs), sometimes called phthalates, are
some of the most ubiquitous plasticizers in use today with their
application estimated at around 70 % of the total world plasti-
cizers consumption in 2014," and the projected total production
of about 8 million tons.” Their use is mainly in the softening of
the hard plastic for different applications. Owing to their use in
some domestic appliances, their leaching into the food or any
liquid material they getinto contact with cannotbe overruled. In
fact, they have been reported in various systems including: baby
toys, baby foods, hospital tubes, not to mention the environment
where they are most ubiquitous.’ Despite not showing consider-
able toxicity when exposed to laboratory animals, phthalates
reportedly showed some endocrine disrupting and carcinogenic
activity in some laboratory animals,* hence a call for their regula-
tion by the US Food and Drug Authority.” Consequently, these
chemicals are receiving considerable attention from the public
health practitioners leading to some manufacturers reportedly
phasing out the processes that involve the use of these chemi-
cals.*” Several recommendations exist for their maximum allow-
able levels in different regions. For example, the total tolerable
daily intake of general PAEs has been capped at 0.3 mg kg™ body
in Europe while for individual PAEs this value is lowered to
0.1 mg kg™ of body weight.®* The US EPA has set the limit for
bis(2-ethylhexyl) phthalate commonly abbreviated as DHEF, the
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most common PAE, at the 6 ng mL™ in drinking water.” A very
well presented review of the socio-economic issues involved in
the control of the PAEs was reported in 2003."

As most other organic compounds, PAEs can be determined
using a range of techniques from electrochemical to spectros-
copy-based. To this effect different detection approaches have
been reported for the PAEs analyses, namely, spectroscopy —
using either molecular absorption in the form of infrared,"
ultraviolet-visible spectrophotometry,” spectrofluorimetry,” or
electrochemistry." However, chromatography is still a method
of choice owing to its ability not only to detect but also to sepa-
rate the innate complex matrices that these compounds exist in
in nature since chromatography separates them firstly into
individual compounds prior to detection using any detection
methods.

However, despite its applicability, chromatography still
requires prior sample treatment to render the analytes
analysable in terms of concentration range, structural forms and
even reduction of the matric complexity since these can also
bring about more complications in the process. As such exten-
sive research is focused on developing effective, quick and yet
affordable methods for determination of organic chemicals such
as PAEs and other compounds of interest. Solvent extraction is
still the only method used for extraction of organic compounds
from solid matrices with a range of approaches such as Soxhlet
extraction,” sonication,'® pressurized liquid,” supercritical,'® mi-
crowave-assisted,”” employing either organic or aqueous sol-
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vents for the dissolution. Recently a simple reflux was compared
and faired comparatively with Soxhlet extraction for extraction
of PAEs from the solid-waste dumpsite soil.”

Due to concerns of the use and disposal of copious organic
solvents that are by themselves of environmental concern,
miniaturization seems an obvious choice. Consequently,
liquid-based miniaturized approaches are receiving consider-
able attention judging by the number of articles that have been
published since the first report of the sampling in a drop in the
mid-1990s.”* This approach has seen a number of different
formats each of which reports some degree of success and bene-
fitin some of the figures of merits that are often considered, most
notably the limits of detection (LODs), speed of method, cost
and ease of handling to mention but a few attributes as reviewed
recently.” Different variants include: drop-based, supported
liquid and dispersed solvent microextraction each demonstrat-
ing certain benefits over others. For example, supported liquid
microextraction can be used as passive samplers while the other
two cannot, dispersive solvent microextraction is the most rapid
while it requires a lot more solvent and leads to poorer solvent
recovery than the drop-based solvent microextraction. Some of
the modifications are as simple as an introduction of a mere
air-bubble in the drop to enable enhanced dynamic extraction*
or an increased surface area to volume ratio as well as the
increased buoyancy of the droplet in the case of denser solvents
being used,” all of which enhance extraction efficiency.

Recently, there have been reports on modifying DLLME and
coupling it to solid-phase microextraction® and hollow-fibre
liquid-liquid micro extraction” despite the former being accom-
panied by concomitant fibre swelling. This manuscript presents
an attempt to employ a modified binary-liquid mixture
dispersive liquid-liquid microextraction by replacing a dispers-
ing liquid for a second extracting solvent in an effort to improve
the reported poor solvent recovery post-extraction.” In addition
to the improved solvent recovery, the mixed-solvent extraction
has been reported to improve extraction efficiency that any of
the individual pure solvents used in a mixture.”* In the current
report, combination of tetrachloromethane with ethylacetate
demonstrated the highest efficiency. Otherwise, most attributes
closely resemble the normal DLLME except the reported exces-
sive solvent loss associated with classical DLLME.

2. Experimental

2.1. Chemicals and Reagents

A phthalate esters mixture (Mix 3: PI. 08060300) containing
benzylbenzoate and the following phthalic acid esters:
dimethyl-, diethyl-, diisobutyl-, dibutyl-, dimethylglycol-,
bis(4-methyl-2-pentyl)-, bisethoxyethyl-, bispentyl-, hexyl-2-
ethylhexyl-, benzylbutyl-, bis-hexyl-, bis-n-butoxyethyl-,
biscyclohexyl-, bis-2ethylhexyl-, bisoctyl, bisnonyl- and
bis(7-methyloctyl)- respectively at 1000 ppm each was obtained
from Dr Ehrenstorfer GmbH (Augsburg, Germany) in a 100 mL
ampule. All solvents used in this study were HPLC or GC grade:
methanol, toluene, chloroform, dichloromethane, tetrachloro-
methane, hexane, toluene and water were all obtained from
Riedel-de Haén (Steinheim Germany). Ethylacetate (AR) was
obtained from Associated Chemicals Enterprises (Pty) Ltd
(South Africa).

2.2. Instrumental Methods

A 7890A Agilent GC-MS fitted with a J&W HP-5MS column
with 30 m X 0.25 cm X 0.25 um dimensions was used. The
chromatographic method was developed as follows: injection
port was set at 280 °C; column program: initial temperature of
80 °C for 4 min, then ramped at 10 °C min™" to 300 °C and held for
5min; the transfer line was set at 280 °C. The carrier gas was UHP
Helium at a flow rate of 1 mL min™" throughout the analyses. The
autoinjector was programmed to inject 2 uL with rinsing before
and after the injections. The MS was set on scanning mode, scan
range of 50-500 atomic mass units, for identification of samples;
otherwise for quantitative analyses it was set on SIM mode using
the respective mass spectra base peakions of the individual com-
pounds as well as their qualifying ions (see Table 1). The temper-
ature settings were 230 °C for the ion source and 150 °C for the
quadrupole.

2.3. Development and Optimization of the Extraction
Protocol

Different aliquots of appropriate volumes containing the
phthalate mixture (1 ug mL™") were prepared in HPLC grade
water. Appropriate volumes of the organic solvents were added
appropriately and shaken for a given time. Thereafter the solu-

Table 1 The phthalic acid esters and their respective chromatography and mass spectral data obtained in this study.

Compound Time Molecular mass Reference ion* Qualifying ion SIM/Qual ratio
/min /amu
Dimethylphthalate 12.957 194 163 77 5.342
Benzylbenzoate 16.685 212 105 212 3.330
Diethylphthalate 17.702 222 149 177 3.902
Diisobutylphthalate 17.705 278 149 223 11.352
Dibutylphthalate 18.643 278 149 223 16.377
Dimethylglycolphthalate 19.608 292 59 149 3.364
Bis(4-methyl-2-pentyl)phthalate 19.775 334 149 85 2.425
Bisethoxyethylphthalate 20.125 310 72 149 1.224
Bispentylphthtalate 20.438 306 149 237 11.893
Hexyl-2-ethylhexylphthalate 22.090 334 149 251 10.742
Benzylbutylphthalate 22.221 312 149 206 3.568
Bis-hexylphthalate 22.897 362 149 251 7.866
Bis-nbutoxyethylphthalate 23.147 366 149 193 2.871
Biscyclohexylphthalate 23.578 330 149 167 2.938
Bis-2ethylhexylphthalate 23.672 390 149 167 2.783
Bisoctylphthalate 25.061 390 149 279 9.000
Bisnonylphthalate 25.164 418 149 293 3.842
Bis(7-methyloctyl) phthalate 25.643 418 149 293 3.481

* This is the ion that represents the base peak and used in selected ion monitoring.
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tions were centrifuged to sediment the heavier organic solvent.
The sedimented organic solvent was transferred to a GC-vial
fitted with a glass-insert with the capacity of 100 uL, thereafter
the vials were loaded to the autosampler for onward injection
and analysis. All the analyses were runin triplicate (n = 3) except
where it is expressly stated otherwise.

A univariate approach was followed to determine optimum
conditions for the following: solvent choice, mixed-solvent,
solvent volume, extraction time, ionic strength as well as the
solution volume. Thereafter the extraction efficiency of the
method was determined combining all the optimized conditions
(factors) appropriately. Details of each procedure will be pro-
vided under relevant section of the results and discussions,
where it differed from the outlined procedure.

2.4. Application of the Extraction Method to the
Real Soil Samples

To investigate the applicability of the method for the determi-
nation of the PAEs from soil samples, a soil sample obtained from
a solid-waste dumpsite sample, was used for the determination
of the esters in the soil sample coupled to hot-water extraction
described elsewhere.” Thereafter, 5 g sample portions of this soil
were extracted using hot-water extraction using 5 mL of hot
water to achieve a 1g mL™ suspension. The suspension was
centrifuged appropriately and the supernatant extract was
subjected to the developed method at room temperature in or-
der to determine the amount of the PAEs in the soil.

To determine the degree of analyte recovery from the soil
sample, the soil sample was pre-extracted with Soxhlet extrac-
tion remove all the PAEs from the dumpsite. Thereafter, this soil
was air-dried overnight in an oven set at 40 °C. A portionof 19 g
of the dried pre-extracted soil was spiked with 1.9 mL of 10 ug
mL™" aqueous solution to achieve a 1 ug mL™" spiked solution fol-
lowing the report of traceless spiking using aqueous as opposed
to the organic standards.®” The soil was submerged under
water to enable even distribution of the analytes. The soil was
allowed to age naturally by being placed on the windowsill until
all the water had evaporated. Thereafter, a further 21 days was
allowed to age the soil sample. Subsequently the same
procedure was followed as for the parent sample in the preced-

ing paragraph.
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3. Results and Discussion

3.1. Optimization of the Separation of the Mixtures

Following the injection of the standard mixture, some
chromatographic and mass spectrometry analyses were made to
identify and characterize the peaks with respect to the analytes
listed on the information for the standards package. Table 1
shows the analytes and their respective chromatographic and
mass spectral properties obtained in this study: retention time,
relative molecular mass, the base peak (used as reference peak
for selected ion monitoring — SIM), the qualifying ion (second in
abundance) and the ratios of the intensities of SIM ion to qualify-
ingion (Ref/Qual) in the mass spectra to be used in the identifica-
tion of these compounds from the real water samples.

As can be seen from Table 1, with the exception of dimethyl-
phthalate, benzylbenzoate, dimethylglycolphthalate and
bisethoxyethylphthalate, all the esters show the base peak at
149 which is characteristic of the phthalic acid esters due to some
rearrangement during the mass spectral analysis as discussed
elsewhere in literature.”

3.2. Determination of the Ideal Solvent for the Extraction
From the basic requirement of the sedimentation-based
DLLME method, density of the solvent is very important; as
such only chlorinated solvents are applicable as they are denser
than water so they can settle at the bottom of the aqueous solu-
tion after shaking. However chlorinated solvents are already an
environmental and health hazard as such only a few were
tested. From a previous report"” it was established that the PAEs
extracted better in ethylacetate. From the polarity of ethylacetate
(4.4) compared to that of the chlorinated solvents, chloroform
affords the closest (4.1). So, the preliminary experiment was
performed to assess the combination of chloroform with
ethylacetate since ethylacetate on its own would not afford the
properties anticipated — sedimenting after the extraction. Thus
different combinations of chloroform-ethylacetate were tested
for their respective efficiencies starting with 100 % chloroform
and increasing the percentage of ethylacetate. Figure 1 shows
the effect of adding the ethylacetate into the chloroform on the
extractability of the esters with the results calculated relative to
100 % chloroform. Only ten PAEs are presented in this figure for
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Figure 1 Effect of different chloroform-ethyl acetate mixtures on the extractability of the PAEs.


http://journals.sabinet.co.za/sajchem/

ResearcH ARTICLE

M.J. George, O.R. Tagwa and K.F. Sichilongo,

103

S. Afr. J. Chem., 2017, 70, 100-107,
<http://journals.sabinet.co.za/sajchem/>.

clarity of presentation, and these were picked randomly from
the 18 compounds appearing in Table 1.

As can be seen, the extraction efficiency increased with the
increase in ethyl acetate percentage. This was however accom-
panied by significant solventloss: 100 % chloroform (+0 % loss),
75 % chloroform (10 % loss), 50 % chloroform (*25 % loss) and
25 % chloroform (=50 % loss).

In order to reduce the solvent loss a less polar solvent was
thought about, hence the other chlorinated solvents were tried
in combination with ethyl acetate (see Fig. 2). The results are
plotted relative to chloroform mixture with the ethyl acetate (3:1
ratio as determined before) with the error bars indicating the
relative standard deviations of the triplicate analyses.

Clearly ethylacetate:tetrachloromethane mixture affords
better extraction efficiency than chloroform and dichloro-
methane mixtures averaging just over 200 % of chloroform
while dichloromethane averaged about 120 % of chloroform
efficiency. This could be attributed to the lower combined polar-
ity since the polarity of tetrachloromethane is 1.6, compared to
4.1 of chloroform. Thus the combination of ethylacetate with
tetrachloromethane (3:1) was used for further experiments. The
observed solvent loss was slightly reduced (about 60-70 % was
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recovered at 75 % ethylacetate) in this case of using tetrachloro-
methane.

3.3. The Effect of Varying the Volume of the
Extracting Solvent

Different volumes (50200 uL) of 3:1 ethylacetate:tetrachloro-
methane were used and their extraction compared accord-
ingly. The results presented in Fig. 3 are for the 10 compounds
that gave results with more difference between the different
volumes. These results were still accompanied by severe solvent
loss averaging at best 40 %, considering the volumes were not
measured accurately since the minimum calibration of the
pipette used was 10 uL, so the recovered volumes were rounded
to the nearest 10 uL.

Clearly from Fig. 3, the increase in solvent volume decreases
extraction efficiency, this is possibly due to dilution. However,
from 75 to 50 uL, there is a slight increase for some compounds,
while others show a drop in extraction. This could be attributed
to the severe reduction in volume of the extracting solvent,
making it difficult to withdraw only the organic solvent from the
solutions. The volume of 50 uL was accompanied by relatively
higher deviations averaging 10 % compared to just over 5 %
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Figure 2 Extractability of the different PAEs in different chlorinated solvents relative to chloroform (only few compounds were selected randomly

for clarity of the presentation).
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Figure 3 Effect of the increase in extracting solvent volume on the efficiency.
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obtained with 75 uL volume. A similar behaviour has reported
while using a simple solvent extraction of the soil sample using
organic solvents.” Thus a volume of 75 uL was adopted as the
working volume for further experiments.

3.4. Effect of Ionic Strength

Different amounts of sodium chloride (0.025, 0.05, 0.075, 0.1,
0.15 and 0.2) were weighed and added to different 1-mL aque-
ous solutions. Thereafter the solutions were extracted as usual.
Figure 4 shows the effect of increasing ionic strength on the
extraction relative to the extractability without the added
sodium chloride (% NaCl). Only ten analytes were randomly
picked for clarity of presentation.

There seems to be a slight increase in extraction efficiency with
the increase in sodium chloride and peaking at about 10 % for
most compounds with an average increase of about 20 % com-
pared to 0 % NaCl. There is a drop in extraction efficiency from
15 % onwards attributable to a well-known salting out effect.
However, given that there were two organic solvents used, the
question was whether the salting out effect only affected the
analytes and not the solvents, in which case the reported effi-
ciency could be spurious. To investigate this further the effect of
headspace was determined.

3.5. Effect of Headspace Volume on the Extraction Efficiency

The effect of headspace volume was investigated using only
two modes, with or without headspace and in the presence of
10 % NaCl. In measurement with the headspace volume, the
usual procedure was followed, 1 mL of the sample and 75 uL of
the solvent, while that without the headspace volume, the solu-
tion was topped-up after the addition of the extraction solvent
mixtures while maintaining the ratio of the aqueous solution to
the extracting solvent (1 mL to 75 uL). After the equilibration the
volume of the recovered solution was measured and 2 uL of
which was injected into the GC-MS for analysis.

The results showed an average improvement of about 157 %
in the extraction efficiency in the absence of headspace (see
Table 2). A closer look at the internal standard response also
revealed the recovery improvement of about 25 % without the
headspace. This, therefore, suggests that the added sodium
chloride does not only decrease the extraction efficiency, but
does so through the salting out of the organic solvent into the
headspace, hence a reduction in efficiency of extraction. This
was in agreement with the reported literature that addition of

NaCl beyond a certain threshold drives the organic solvent out
of the solution as evidenced by the increased volume of organic
solvent on the surface of the aqueous solution.* On the other
hand, the issue of the internal standard leaching into the aque-
ous solution and its reduction in the presence of salts in solutions
was reported elsewhere in the work involving single-drop
microextraction.” Therefore, a minimum to no headspace
volume was maintained for the subsequent experiments. It is
worth mentioning that although no headspace was necessary,
it became difficult to add the organic solvent and disperse it
thoroughly without any headspace volume, hence only a mini-
mum volume was left for the subsequent experiments.

3.6. Effect of Varying the Extraction Time on the
Extraction Efficiency

Typically, DLLME is characterized by quick extraction times.
To determine the optimum time, a series of solutions were
prepared and extracted at different times, then the sediment was
injected into the gas chromatograph and the extraction efficien-
cies compared as in Fig. 5.

As can be seen, the extraction is almost insensitive to time
variation with only a small increase (less than 5 % on average)
from 20 seconds and 30 seconds. Therefore, 20 seconds was
chosen as an ideal extraction time to avoid fatigue since the
agitation was carried out using a simple manual vortex mixer.

3.7. Validation of the Method and Comparison of its
Performance with the Literature

The optimized conditions for the method can be summarized
as follows: 75 uL of 3:1 ethylacetate:tetrachloromethane solvent mix-
ture, no-to-minimal headspace allowed, 10 % NaCl with 20 seconds
agitation time. The effect of pH was notinvestigated as it is gener-
ally known that esters hydrolyse in both acidic® and basic
media.” The method optimized method was validated for
reproducibility and repeatability using different spiking levels
of the phthalates and extracted them a minimum of n = 15
(5 solutions over 3 days). The results demonstrated very good
reproducibility with the %RSD ranging between 3 and 7.5
with the internal standard and 7 and 12.8 without the internal
standard. Table 2 summarizes some of the analytical parameters
determined herein including the enrichment factors of the
analytes obtained under optimum conditions as determined.

As canbe seen, the method yielded sufficient linearity with the
coefficient of determination, R*in the range 0.9866 and 0.9993 in
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Figure 4 Effect of varying sodium chloride amount (%) on the extractability of the PAEs .
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Table 2 Some analytical data obtained from the optimized conditions: enrichment factors with and without the headspace volume, linearity, the

regression equation and the estimated limit of detection for each ester.

Enrichment without Enrich. Ratio (with/without Repeatability Linearity Est. LOD*

headspace headspace) * /% RSD R? /ug L
Dimethyl 7338 130 9.8 0.9985 <0.01
Benzylbenzoate 9903 145 6.5 0.9975 <0.01
Diisobutyl 3606 136 6.3 0.9989 <0.01
Dibutyl 4150 136 4.8 0.9973 <0.01
Dimethylglycol 6472 137 5.7 0.9864 0.01
Bis(4-methyl-2-pentyl) 560 157 9.1 0.9866 0.01
Bis-ethoxyethyl 519 145 10.4 0.9985 0.01
Bis-pentyl 7145 175 7.9 0.9908 0.01
Hexyl-2-ethylhexyl 744 110 3.8 0.9988 0.01
Benzylbutyl 457 116 7.7 0.9993 0.01
Bis-hexyl 2675 143 6.5 0.9974 0.05
Bis-nbutoxyethyl 656 154 9.8 0.9981 0.05
Biscyclohexyl 638 150 10.1 0.9990 0.05
Bis-2ethylhexyl 1150 126 11.3 0.9984 0.05
Bis-octyl 931 113 124 0.9986 0.10
Bis-nonyl 626 167 10.8 0.9987 0.10

* Enrichment ratio without headspace compared to that with headspace.
#LOD estimated from the S/N ratio.

the concentration range of 0.5-50 ug L™ The LOD was estimated
from the S/N ratio yielding sufficiently low limits of detection
(ng L™ range). Since the CRMs were not available, accuracy vali-
dation was not performed. The reported LODs compare to the 3
to 30 ng L™ reported by Penalver et al. using a 65 um PDMS-DVB
SPME with the repeatability and reproducibility in the range of
13-18 %;* while an order of magnitude lower than of 0.331 ng L™
to 12.5 ug L™ obtained with a headspace sampling using an opti-
cal fiber coated with mixed stationary phase of polysiloxane and
polymeric fullerene with the ratio of 4:1.”” The QuEChERS
approach yielded significantly higher LODs at between 0.8 and
15 ug kg™ using liquid chromatography and mass spectrome-
try;* while a magnetic graphene nanocomposite based SPE
achieved LODs between 0.01 and 0.04 ng mL™".*' The best com-
parison is that with the air-assisted liquid-liquid microextraction
which achieved the LODs of 0.12 to 1.15 ng mL™.* From the
aforegoing comparisons, it is evident that this technique yielded
comparative results to those reported in literature; as such it
presents a very affordable and viable alternative to the pool of
miniaturized extraction techniques for these compounds.

3.8. Application of the Extraction Method Coupled to

Hot-water Extraction for the Determination of the Phthalates
in a Soil Sample from a Solid-waste Dumpsite

Hot-water extraction has been reported recently for the extrac-
tion of herbicides from soil samples.”? Owing to its simplicity and
efficiency, this approach was tried on the PAE extraction to be
coupled with the developed dispersive method. Sadly, none of
the analytes was detectable despite some, e.g. bis(2-ethylhexyl)
phthalate, being positively detected from the same sample
following reflux and Soxhlet extractions using organic solvents
in the previous report.” The achieved recoveries on the pre-
extracted soil samples were significantly wider than those
obtained from the spiked HPLC grade water ranging from
65-115 % relative to the aqueous standard solutions. This failure
could be attributed to the fact that esters hydrolyse easily evenin
water when subjected to heat, than any other cause such as loss
in the method. The same loss in efficiency was reported using
sonication-assisted extraction,” where the loss was attributed to
the sonication energy enhancing the hydrolysis of these phthalic
acid esters. Despite this setback with regards to the soil samples,
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it can still be argued that this method is still applicable for aque-
ous extractions. Further refinements are necessary to ensure
suitability for application towards soil and sediment samples,
wherein the detection of the PAEs from the dumpsite can be
necessitated.

4. Conclusions

The method reported herein adds value to the commonly
reported DLLME which uses one dispersing solvent in addition
to the extracting solvent resulting in very low solvent recovery
after the extraction. This loss of the solvents leads to reduced effi-
ciency since the lost solventislost with its pre-extracted analytes.
The methods demonstrates sufficient linearity over the concen-
tration range of 0.5-50 ng mL" with the coefficient of determina-
tion, R?between 0.9866 and 0.9993. Although the reproducibility
was not determined, the method demonstrated sufficient
repeatability with the relative standard deviation, %RSD < 12.5
under optimized conditions over the entire linearity experi-
ments. The estimated LOD using the S/N ratio are sufficiently
low for trace analysis (0.01-0.05 ng mL™") for most of the analytes.
The observed values are comparable to those reported in litera-
ture for the liquid and solid-based microextractions. However,
the method yielded very low recoveries when applied to the
analysis of spiked soil samples when coupled to hot-water
extraction. This poor recovery will be a subject of further studies.

In conclusion, it can be stated that this variation affords a better
alternative to the classical dispersive liquid-liquid microextrac-
tion with a very minimal solvent loss, while at the same time, it
has demonstrated the importance of reduced headspace volume
in order to improve the analyte extraction as most of the analytes
are lost with the evaporation of the solvent into the headspace
volume, thus reducing the extraction efficiency, especially with
the addition of salts for increased ionic strength of the solution to
effect salting out. These factors add some insights into some of
the factors that are commonly ignored in extraction processes.
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