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Abstract

Emerging environmental pollutants are becoming a global concern, since the acceptable concentrations are currently not
set by legislation in EU or elsewhere. Benzotriazoles are an important group of emerging pollutants found in low ug/L
concentrations, entering the environment through wastewater treatment facilities due to their insufficient removal, and
through industrial and other use. Two new dispersive liquid-liquid microextraction (DLLME) methods were developed
for the extraction of hydrophilic and hydrophobic benzotriazoles from environmental waters. Liquid chromatographic
method coupled to tandem mass spectrometric detection (LC-MS/MS) was developed and validated for surface water.
Validation parameters were satisfactory and the overall DLLME-LC-MS/MS method was found to be applicable to anal-
ysis of the chosen analytes in environmental waters. It was used to determine benzotriazoles in surface water and waste-
water from a municipal wastewater treatment plant. In surface waters, concentration was below the limit of detection,
while concentrations determined in wastewater were estimated between 2.7 and 12.0 pg/L.
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1. Introduction

Benzotriazole and its derivatives are heterocyclic
compounds used as anti-corrosive agents in industrial flu-
ids, household dishwasher detergents, de-icing liquids,
cooling systems, and hydraulic fluids, while less polar de-
rivatives are used as UV stabilizers in plastics and cosmet-
ics.! Their widespread use has led to a ubiquitous presence
in the environment: surface fresh and sea water,> ground-
water and drinking water,””’ river sediments,? soils,’ sew-
age sludge,'® indoor dust,!! and air.!? Their main point of
entry to environmental waters is through the wastewater
treatment plants (WWTP) effluents where they are insufhi-
ciently removed.!*'* A survey from European Union in
2013' has shown their presence in 97-100% of effluent
wastewaters (90 WWTPs with various sources) with con-
centrations in low pg/L range, while concentrations in un-
treated wastewaters were up to ten times higher.* Never-
theless, no environmental limit concentrations are set for
benzotriazoles in EU yet.

Benzotriazoles are classified as emerging pollutants with
low acute toxicity, but their chronic effects are less well known:

possible endocrine-disrupting activity,' toxicity for plants
and some aquatic organisms,'” and suspected human carcino-
genesis.!® Measurable concentrations of benzotriazoles have
been found in human urine and amniotic fluid.!*-2!

The concentrations of benzotriazoles in environ-
mental matrices are in the ng/L to ug/L range, therefore it
is necessary to perform some form of extraction and pre-
concentration before the analysis. The most frequently
used method is solid-phase extraction (SPE).>®21-25 Stir-
bar sorptive extraction (SBSE)?® and solid-phase microex-
traction (SPME)?!-?7 have also been applied.

More recently, liquid-phase microextractions were
introduced as an alternative to sorbent-based extraction,
but with a very low solvent consumption. One of the most
popular is dispersive liquid-liquid microextraction
(DLLME), which has to date been applied to the extraction
of benzotriazoles only in few instances,®? in both cases
with the use of lighter-than-water solvents, which requires
the use of special glassware to collect the solvent. Air-as-
sisted liquid-liquid microextraction, a variant of DLLME,
with lighter-than-water solvent, has also been developed
for benzotriazoles in water samples.*
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Following the extraction, benzotriazoles are usually
determined by chromatographic techniques. HPLC cou-
pled to MS or MS/MS detection is the most frequently ap-
plied technique,?>710:19:22:23.25-27 wjith LODs in the range
0.2-200 ng/L (depending also on the extraction method),
occasionally also with UV detection,?®3? which is usually
leading to higher LODs. GC-MS or GC-MS/MS methods,
either with or without derivatization of analytes, are less
frequently encountered,®!*21:252% their LODs tend to be
comparable or a bit higher than with LC-MS/MS.

In the present work, two DLLME methods were de-
veloped and optimized for the extraction of six hydrophilic
and two hydrophobic benzotriazoles from aqueous sam-
ples. The optimization of DLLME for extraction from wa-
ter samples with heavier-than-water solvents was done
stepwise and with a two-level fractional factorial experi-
mental design. The extracts were analysed with LC-MS/
MS. The method for hydrophilic benzotriazoles was evalu-
ated in terms of the analytical parameters and the efficien-
cy to determine analytes in the environmental aqueous
samples. The validated method was applied to the determi-
nation of selected benzotriazoles in Slovenian environ-
mental waters.

2. Experimental

2. 1. Materials

Solid standards of the analytes in this study (Table 1)
were purchased from Sigma-Aldrich, USA (OHBZ, CIBZ,
BTZ, TBZME and BZPF), from Fluka, Switzerland (4MBZ,
5MBZ, and DMBZ), or from Santa Cruz Biotechnology,
USA (BTZ-d4 as internal standard - IS). Ultrapure water
(MQ) was prepared by Milli-Q water system (Millipore,
USA). HPLC grade solvents acetonitrile (Fisher Chemical,
UK), methanol (J. T. Baker, UK), acetone (Honeywell,
USA), and isopropanol (Sigma-Aldrich, USA) were used.
Other chemicals were of p.a. or higher purity from various
producers: formic acid and CS, from Sigma-Aldrich
(USA), 25% NH; from Gram-mol (Croatia), HCI, ethanol,
and CCl; from Honeywell (USA), NaOH and CCl, from
Merck (USA), NaCl from Scharlau (Spain), chlorobenzene
from Fluka (USA), and 1,1,1-trichloroetane from Codex
(Italy).

Table 1: Analyte abbreviations, molecular weights, logK,,,, and pK,.

2. 2. DLLME Extraction

Extensive optimization of DLLME procedure with
heavier-than-water solvents was performed, partially with
a two-level fractional factorial experimental design and
partially stepwise.

The final conditions for DLLME of hydrophilic and
hydrophobic benzotriazoles were: pH of an aqueous sam-
ple (3 mL) in a conical test tube was adjusted to 3.5 with
HCI, and solid NaCl was added up to 8% w/v. A mixture of
80 uL CHCI;, 20 uL CCl,, and 700 pL acetonitrile was
quickly injected into the sample. After shaking for 5 s, the
mixture was centrifuged at 3000 rpm for 5 min. The ex-
tract was collected from the bottom of the tube with a sy-
ringe and transferred to a vial, dried under nitrogen and
re-dissolved in 50 uL of MQ:ACN (3:7).

The final conditions for DLLME of hydrophilic ben-
zotriazoles were: pH of an aqueous sample (5 mL) in a
conical test tube was adjusted to 4.0 with HCI, and solid
NaCl was added up to 10 % w/v. A mixture of 160 uL
CHClI; and 800 uL acetonitrile was quickly injected into
the sample. After shaking for 5 s, the mixture was centri-
fuged at 3000 rpm for 5 min.

Extract was collected from the bottom of the tube
with a syringe and transferred to a vial, dried under nitro-
gen and re-dissolved in 25 pL of MQ.

2. 3. HPLC-DAD and LC-MS/MS Analysis

DLLME conditions were optimized using an HPLC-
DAD method with the following parameters: an Agilent
1100 Series HPLC-DAD instrument (Agilent, USA)
equipped with autosampler was used. LC separation was
performed on a Kinetex XB-C18 column (Phenomenex,
USA, 150 x 4.6 mm, 5 pm) at room temperature and flow
rate of 0.7 mL/min. The mobile phase was composed of
acetonitrile (A) and 0.1% HCOOH in MQ (B), with the
following gradient profile: 5% A, increased to 50% A in 5.0
min, then to 100% A in 9.0 min and retained at 100% A for
11.0 min. The injection volume was 20 pL. UV spectra
were recorded in 200-400 nm range, and detection wave-
lengths for quantification were set at 260, 304, and 350 nm.

LC-MS/MS method for hydrophilic benzotriazoles:
a PerkinElmer LC system, coupled with TurboSpray ESI
ionization and 3200 QTRAP mass analyser (Sciex, USA)

Abbrev. Name M (g/mol) logK,,,, pKa
OHBZ 4-hydroxy-1H-benzotriazole 135.12 0.80 7.25
BTZ 1H-benzotriazole 119.12 1.44 8.38
4MBZ 4-methyl-1H-benzotriazole 133.15 1.82 8.74
5MBZ 5-methyl-1H-benzotriazole 133.15 1.98 8.74
CIBZ 5-chloro-1H-benzotriazole 153.57 2.13 7.46
DMBZ 5,6-dimethyl -1H-benzotriazole 147.18 2.28 8.92
TBZMF 2-tert-butyl-6-(5-chloro-2H-benzotriazol-2-yl)-4-methylphenol 315.80 6.81 9.31
BZPF 2-(2H-benzotriazol-2-yl)-4,6-di-tert-pentylphenol 351.49 7.87 8.85
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was used. LC separation was performed on the same col-
umn and with same parameters as for HPLC-DAD, except
for the mobile phase gradient. which was as follows: 5%
A, increased to 15% A in 0.5 min, then to 35% A in 12.5
min, then to 100% A in next 7 min. The injection volume
was 10 pL.

Ionization was performed with the electrospray in
positive mode with the curtain gas pressure at 30 psi, ion
spray voltage of 4 kV, drying gas temperature at 450 °C,
sheath gas 1 at 50 psi and sheath gas 2 at 50 psi. Nitrogen,
supplied by Messer (Germany), was used both as drying
and collision cell gas. The mass spectrometer was operated
in selected reaction monitoring (SRM) mode; the declus-
tering potential, entrance potential and collision cell exit
potential were fixed at 40 V, 10 V, and 3 V, respectively.
Transition parameters were optimized for each analyte
separately by injecting separate solutions directly into the
ion source by flow-injection; two fragment ions were mon-
itored for each compound (Table 2). Quantification was
performed as analyte/IS signal ratio, using the first transi-
tion for each analyte and BTZ-d4 as the IS, while the sec-
ond transition and the fragment ion ratio were used for
identity confirmation. During sample analysis, the calibra-
tion standard at 0.1 mg/L level and a MQ blank were in-
jected every 12 samples to check for drift in response and
carryover effect.

2. 4. Samples

Grab samples of surface water were taken from the
Glinscica (46,050972 °N, 14,468536 °E), Soca (46,152460
°N, 13,739944 °E), and Idrijca (46,04803 °N, 14,02272 °E)
rivers (Slovenia) and two groundwater samples were taken
at two different drinking water sources (Roje, PIS) of Lju-
bljana, Slovenia. Samples were stored in the dark at 4 °C.
Influent and effluent municipal wastewater samples in the
form of 24 h composite samples were taken at Central
wastewater treatment plant in Ljubljana, Slovenia, and
stored at 20 °C. Due to high matrix effect, which was ob-

1800

servable with the use of the internal standard, the influent
wastewater sample was diluted 5 times before extraction
procedure.

3. Results and Discussion

3. 1. Optimization of HPLC-DAD and
LC-MS/MS Method

Two different reverse-phase columns were initially
tested to separate polar and hydrophobic analytes in the
same run: Kinetex XB-C18 column (Phenomenex, USA,
150 x 4.6 mm, 5 um, 100 A) and Gemini C18 column
(Phenomenex, USA, 150 x 4.6 mm, 3 um, 110 A). The Ki-
netex column provided better resolution of the peaks,
which was expected since the sorbent is prepared with
core-shell technology, and was selected for further use.
The optimization of mobile phase gradient was challeng-
ing due to very different polarities of the analytes (Table 1).
Therefore, the final gradient started at low acetonitrile per-
centage (5%), which was then steeply increased to 50% and
then to 100% to reach the conditions that were favourable
for the elution of hydrophobic benzotriazoles (TBZME,
BZPF). Still, the separation of methyl isomers 4MBZ and
5MBZ could not be achieved. These conditions were cho-
sen as final since HPLC-DAD was used only for the opti-
mization of DLLME extraction parameters and the later
use of LC-MS/MS in SRM mode enabled us to tolerate the
less than satisfactory separation. Wavelengths for quantifi-
cation were set at 260, 304, and 350 nm due to different
UV spectra of analytes. Under these conditions, the cali-
bration curves for the selected benzotriazoles were linear
in the 0.5-50.0 mg/L range with R? > 0.99. An interesting
finding was that the standard solutions had to be prepared
in a mixture with high percentage of organic solvent to
achieve repeatable peak areas for hydrophobic analytes
(Figure 1), possibly due to their low solubility in water and
adsorption to the walls of the glassware. For this reason all
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Figure 1: Peak area of different analytes at various compositions of solvent (MQ and acetonitrile) for 50 mg/L standard solution.
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solutions were prepared in 70% ACN. A chromatogram of
standard solution is given in Supplementary Information
SIL.

Although it would be possible to determine all se-
lected analytes with LC-MS/MS and it was also possible
to achieve favourable DLLME extraction conditions for
all of them, we decided to omit the two most hydropho-
bic analytes (TBZMF, BZPF) from further method devel-
opment since it was highly unlikely that they would be
present in aqueous samples due to their hydrophobicity.
Therefore, the LC-MS/MS method was optimized only
for the hydrophilic benzotriazoles. At this point, a deu-
terated internal standard (IS; 1H-benzotriazole-d4,
BTZ-d4) was also introduced. The same chromatograph-
ic column was used and the elution gradient started with
very low concentration of organic solvent with the slow
increase in its percentage (35% ACN in 12.5 min) to
achieve the best separation of methyl isomers 4MBZ and
5MBZ. Even so, their peaks were not baseline separated
(see Table 2). A chromatogram of standard solution un-
der final conditions is given in Supplementary Informa-
tion SI 2.

For MS parameters, electrospray conditions were
optimized by flow-injection of analyte solution. Positive
ESI ionijzation was chosen because the signals were of a
much higher intensity than with negative ionization,
which is in agreement with other published methods.”-?%23
The optimized SRM transition conditions are presented in
Table 2. The first transition was used for quantification,
while the second transition and the fragment ion ratio
were used for the identification of analytes.

Table 2: Retention times (y), observed SRM transitions, their colli-
sion energies (CE) and fragment ion ratios.

analyte R SRM1 CEl SRM2 CE2 Ion

(min) V) (V) ratio
OHBZ 6.96 136>80 29 136>90 27 9.74
BTZ 8.63 120>65 30 120>92 25 2.74
4MBZ 11.3 134>77 34 134>79 25 1.46
5MBZ 11.5 134>77 34 134>79 25 1.40
CIBZ 13.7 154>99 32 154>73 46 2.05
DMBZ 14.0 148>77 37 148>91 31 1.75
IS 8.55 124>69 33 124>96 24

Instrumental limits of detection (ILOD) and quanti-
fication (ILOD) were calculated from calibration curves in
standard solutions with added IS, using formulae ILOD =
3.3 x s(res)/k and ILOD = 10 x s(res)/k, where s(res) is the
residual sum of squares and k the slope of the calibration
curve. ILOD were at 5-30 pg/L, while ILOQ were deter-
mined in the range 16-91 pg/L. Acceptable linearity of the
calibration curve was observed in the range from ILOQ to
10 mg/L.

3. 2. Optimization of DLLME Extraction

DLLME extraction was studied in MQ water with
added analytes at 1 mg/L level. Two sets of conditions were
optimized: for both hydrophilic and hydrophobic ben-
zotriazoles; and for hydrophilic analytes only. The follow-
ing parameters were changed: choice and volume of ex-
traction solvent; choice and volume of dispersive solvent;
volume, pH and ionic strength of aqueous sample; time
and speed of centrifugation. All of the tested extraction
solvents were denser than water: dichloromethane,
1,1,1-trichloroethane, CHCl;, CS,, CCl,, and chloroben-
zene. Solvents with lower density than water (light-
er-than-water) can also be applied, - but after centrifu-
gation, a thin layer of solvent with extracted compounds is
formed on the surface of aqueous phase, which is impossi-
ble to collect. For that reason, special glassware with nar-
row neck should be used to allow for formation of a thick-
er upper layer of solvent.?8-3% To avoid the need for special
equipment, heavier-than-water solvents were used to form
an easy-to-collect drop at the bottom of the vessel after
centrifugation. For dispersive solvent, methanol, acetoni-
trile, acetone, isopropanol, and ethanol were tested. The
extract was dried and re-dissolved in MQ or MQ/ACN be-
cause of the incompatibility of the chlorinated solvents
with the LC column.

Out of all tested extraction solvents, the best recov-
eries were achieved with CHCI; for hydrophilic and CCl,
for hydrophobic analytes. A mixture of these solvents
was used, the ratios determined in further steps. Acetoni-
trile proved to be the best dispersive solvent for all ana-
lytes.

Optimization of the previously listed parameters was
first performed by two-level fractional factorial experi-
mental design, the values of parameters investigated are
presented in Table 3. 8 different experiments with parame-
ters set at these levels (with 4 repetitions) were performed
to estimate the significance of influences of the parame-
ters. For most analytes the only significant parameter
seemed to be the pH value (Figure 2), which could be due
to its broad range investigated (4-10). As it is well known
that other parameters can also influence the extraction ef-
ficiency, we decided to further perform a stepwise optimi-
zation.

Table 3: Values of parameters, investigated with fractional factorial
design.

Parameter Level - Level +
Sample volume (mL) 2 5
CHCI; volume (uL) 20 100
CCl, volume (uL) 20 100
ACN volume (mL) 0,3 1
Sample pH 4 10
NaCl (% w/v) 0 10
rpm 1500 3000
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Figure 2: Influence of investigated parameters on 4MBZ extraction
efficiency, the line denotes significant influence.

In the stepwise optimization it turned out, that sam-
ple pH below 6 was necessary for efficient extraction of
hydrophilic compounds and that the addition of salt up to
10 % w/v improved the extraction for the hydrophilic an-
alytes, while the hydrophobic analytes remained unaffect-
ed. Variations in centrifugation speed and time had al-
most no effect on extraction efficiency, while smaller
sample volumes and larger solvent volumes increased the
efficiency for all analytes. Due to aiming for higher en-
richment factors (not recoveries), the ratio between sam-
ple and extract volume was adjusted further, with sample
volume set at 3 mL and final solvent volumes 80 uL. CHCl,
20 puL CCly, and 700 pL acetonitrile, which resulted in
200-220 pL of extract before drying. With the parameters
set as described in Experimental, the enrichment factors
ranged between 9.5 and 28.7. Further experimental data
on this optimization is given in Supplementary Informa-
tion (SI3-5).

For hydrophilic analytes, only CHCI; was used as the
extraction solvent, as the addition of CCl, was unneces-
sary. The best enrichment factors in general were obtained
with the CHClj/acetonitrile ratio 1:5 (Figure 3) and the
highest available sample volume (5 mL). Relatively high
volumes of solvents contributed to higher enrichment fac-
tors due to the additional concentrating step (drying and
re-dissolving). Again, the acidic pH and salt addition in-
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Figure 3: The effect of solvent ratios (CHCl;:ACN) on enrichment
factors for hydrophilic analytes.

creased the efficiency, while the centrifugation speed and
time had negligible effect. While the addition of 15 % w/v
of NaCl further increased the efficiency, the density of the
sample increased to such amount, that the extract floated
to the surface, and the repeatability dropped drastically.
With the final parameters, the obtained enrichment fac-
tors ranged from 9.5 to 84.7.

3. 3. Validation of the Method in
Environmental Samples

DLLME method for hydrophilic analytes in surface
water in combination with LC-MS/MS analytical method
was evaluated for enrichment factor, linearity, repeatabil-
ity, limit of detection, and limit of quantification, using
matrix matched calibration. River water was spiked with
analytes in the range 0.01-50 pug/L and 1 pg/L of IS, and
then extracted by the optimized DLLME procedure. The
repeatability was estimated at two concentration levels
(0.5 and 10 pg/L) in at least 3 replicates, and blank river
water extracts were also prepared. All signals were calcu-
lated as the ratio of peak areas of analytes and IS. The val-
idation results are shown in Table 4. High linearity was
observed from LOQ to 10 pg/L for all analytes (R? 0.9901-
0.9985, except for OHBZ 0.9827). Moreover, the matrix
effect (ME) was estimated by comparing the signal of the
blank extract, spiked with the analytes and IS (post-ex-
traction spiking), and the signal of the standard solutions
in MQ water at the same theoretical concentration. Nega-
tive values of ME indicate jonization suppression in ESI,
while positive ME values indicate ionization enhance-
ment. Interestingly, ME is in the range +15% to +31%,
except for BTZ (-19%). Matrix effect is commonly ex-
plained by the co-elution of compounds from the sample
matrix that are still present in the sample extract and
compete with analytes during the ESI ionization process.
Positive ME values are in fact favourable because lower
LODs can be achieved, but nevertheless, matrix-matched
calibration should be used for the quantitative determina-
tion of analytes in real samples. As seen from Table 4,
LODs and LOQs are sufficiently low to cover the expected
range of concentrations in wastewater,!*!> while using
only 5 mL of sample, which is much lower compared to
sample volumes usually required for SPE.>%21-2> Extrac-
tion efficiency, given as enrichment factor (EF), is calcu-
lated by comparing concentration in the extract and ini-
tial concentration in sample. It is obvious that EFs for the
most polar analytes (OHBZ, BTZ) are lower than EFs for
the other analytes, which results from their lower solubil-
ity in the non-polar extraction solvent. Repeatability is
acceptable at higher spiking level, but it is obvious that
DLLME is a manual technique requiring a highly skilled
operator. On the lower spiking level, the repeatability de-
creases, even with the use of an internal standard, but this
is understandable, since this level is close to or below
LOQ:s.
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Table 4: Method validation parameters in surface water.

OHBZ BTZ 4MBZ 5MBZ CIBZ DMBZ

LOD (ug/L) 0.07 0.4 075 019 006  0.04
LOQ(ug/L) 023 047 251 062 019  0.14

%RSD 19.4 44 8.8 10.7 12.1 16.2
(10 pg/L)

%RSD 44.0 424 352 244 16.8 14.3
(0.5 pg/L)

EF? 10 34 75 66 81 70

3EF - enrichment factors, determined at spiking concentration
5ug/L

3. 4. Comparison to Other DLLME Methods
for Benzotriazoles

Three other DLLME or similar methods were found
in the literature for the determination of polar benzotri-
azoles. The comparison of methods from the analytical
standpoint is presented in Table 5. Pena et al.?® used 100 uL
of the ionic liquid tri-butyl-phosphate as the extraction
solvent, but due to the high viscosity of the ionic liquid, the
extract had to be diluted 10-times before injection into
LC-Flu-UV. In our method, the recoveries are lower, but
no ionic liquids are used, so it is not necessary to dilute the
extract and further preconcentration is gained with the
drying step and the LOQs achieved are quite similar. Casa-
do et al.® used 60 pL of toluene as the extraction solvent
with 100 pL of acetic anhydride added for simultaneous
acetylation of the analytes, which were then analysed by
GC-MS. With this method, they obtained very low LOQs,
but the recoveries are comparable to those obtained with
our method, with the exception of the most polar analyte
(OHBZ) which was not analysed in their study. Lu et al.*°
used 80 uL of 1-hexanol extraction solvent, which was dis-
persed with the assistance of air instead of a dispersive sol-
vent. The extracts were analysed by HPLC-UV, which also
contributes to the higher LOQs in comparison to our
method’s.

In general, our method is comparable to those from
the literature. For all of these methods, the extracts were
lighter-than-water, which demanded either special glass-
ware or a twofold transferring of the extract for exact sep-
aration of the phases. In this work, we managed to avoid
these disadvantages connected to the use of heavier-than-
water solvents.

In comparison to conventional SPE methods, for
which the reported LOQs range from 1 to 100 ng/L,>%2223.25
the LOQs obtained with all of these DLLME methods are
quite higher. This is a direct consequence of lower sample
volumes, which reduces the possible preconcentration fac-
tors.

3. 5. Determination of Benzotriazoles in
Environmental Samples

The developed and validated method was applied to
the determination of analytes in environmental water
samples. The quantification was performed with ma-
trix-matched calibration. In groundwater and rivers
Glins¢ica, Idrijca, and Soca, all analytes were below LOD
of the method, while BTZ, 4MBZ, and 5MBZ were found
in influent and effluent wastewaters from the Central
wastewater treatment plant in Ljubljana. Estimated con-
centrations in effluent wastewater ranged from 4.8 to 7.3
pug/L. In influent wastewater, the same analytes were pres-
ent in estimated concentrations 2.7 to 12.0 pg/L. Influent
water was diluted 1:5 with MQ water before extraction due
to enhanced matrix effect compared to surface water.
However, for accurate quantification, matrix-matched
calibration for wastewater should be applied.

The concentrations for wastewater are in good agree-
ment with those usually determined in European waste-
waters.!*1% In a recent study on micropollutants in surface
and groundwater from the area of Maribor, Slovenia,
where SPE extraction was performed (LOQs 3-7 ng/L),
two benzotriazoles (2-methyl-2H-benzotriazole, 2,4-di-
methyl-2H-benzotriazole) were found in concentrations
1.4 to 273.3 ng/L in groundwater, and in concentrations
5.8 t0 27.9 ng/L in surface water.?! These two compounds
were not considered in our method.

4. Conclusions

In this study, two DLLME microextraction methods
were developed for the determination of either hydrophilic
benzotriazoles, or hydrophilic and hydrophobic benzotri-
azoles together. Especially the hydrophilic benzotriazoles
are emerging pollutants present in the aquatic system. Mi-
croextraction methods for benzotriazoles are rarely en-
countered in literature, and to our best knowledge, this is

Table 5: Comparison of analytical performance in pure water with DLLME methods from literature (EF - enrichment factor, RSD - repeatability).

Analytes EF Absolute recovery RSD (%) LOQ Ref.
(%) (at spiking level)

OHBZ, BTZ, 4MBZ, 5MBZ, CIBZ, DMBZ ND 67-86 5.0-7.8 (18 pg/L) 0.1-7.3 ug/L 28

BTZ, 4MBZ, 5MBZ, CIBZ, DMBZ 93-172 24-46 2-8 (0.2 pg/L) 7-80 ng/L 29

BTZ, SMBZ, CIBZ 43-87 ND 3.0-43 (50 ug/l)  2.9-4.8 ug/L 30

OHBZ, BTZ, 4MBZ, 5MBZ, CIBZ, DMBZ 10-85 5-42 4.7-13 (50 pg/L) 0.1-2.5 ug/La This work

ND - no data available; ® In surface water
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the first time a DLLME method with denser-than-water
extracts for benzotriazoles has been developed. The devel-
oped methods use smaller volumes of samples and sol-
vents than classical methods and in this aspect contribute
to a more environmentally friendly chemistry. The DLLME
method for hydrophilic benzotriazoles was validated in
surface water. Matrix effect was compensated for in sample
analysis with the usage of matrix matched calibration.

The method was applied for determination of ana-
lytes in groundwater, surface water and wastewater sam-
ples. However, in wastewater samples the matrix effect was
more pronounced than in surface water. Therefore, ma-
trix-matched calibration using wastewater matrix should
be applied for accurate quantification. This study was also
one of the very few investigating the presence of benzotri-
azoles in Slovenian water environment. We confirmed
their presence in the wastewater at pug/L levels, comparable
to other European samples, but the analytes were <LOD in
river and groundwater samples.

Both DLLME methods could also be applied in anal-
ysis of solid samples, such as sediments and soil, where
more hydrophobic analytes can be expected. In this case,
the analytes from solid samples would be first extracted
into a liquid phase (with one of conventional methods),
and then these extracts would be cleaned and preconcen-
trated through the use of DLLME.
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Povzetek

Nova okoljska onesnazevala postajajo svetovni problem, tudi zato, ker EU ali druga zakonodaja ne predpisuje meja
njihovih sprejemljivih koncentracij. Benzotriazoli so pomembna skupina novih onesnazeval, ki jih v okolju najdemo
v koncentracijskem obmocju nizkih pg/L, vanj pa vstopajo pretezno skozi Cistilne naprave zaradi slabe razgradnje, pa
tudi preko industrijske in druge rabe. V tem delu smo razvili dve novi disperzivni tekoc¢inski mikroekstrakcijski meto-
di (DLLME) za ekstrakcijo hidrofilnih in hidrofobnih benzotriazolov iz okoljskih voda. Razvili in validirali smo tudi
analizno metodo s teko¢insko kromatografijo sklopljeno s tandemsko masno spektrometrijo (LC-MS/MS) za dolo¢itve
v povrsinski vodi. Validacijski parametri so bili zadovoljivi in celotna DLLME-LC-MS/MS metoda se je izkazala za pri-
merno za analizo izbranih analitov v okoljskih vodah. Z njo smo dolo¢ali benzotriazole v povrsinskih in odpadnih vodah
iz komunalne ¢istilne naprave. V povrsinskih vodah so bile koncentracije pod mejo zaznave, koncentracije v odpadnih
vodah pa smo ocenili na 2,7-12 ug/L.
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