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Abstract

A simple, efficient and quick salting-out based centrifugeless dispersive liquid-liquid microextraction combined with
high-performance liquid chromatography-ultraviolet detection (HPLC-UV) has been successfully developed for the
determination of selected parabens in environmental water samples. Herein, following the dispersion of the extracting
solvent (1-undecanol) whose melting point is near the room temperature into the sample solution, the cloudy mixture is
passed through a test tube filled with sodium chloride, acting as separating agent based on salting-out phenomenon. By
immersing the tube inside an ice bath, the fine droplets of the extraction solvent are solidified, easily collected and after
returning to the liquid state, injected into HPLC-UV. The values of the detection limit were in the range of 2.5-5.0 pg L™!
while the intra-day (n = 7) and inter-day (n = 9, within three days) precision were below 3.7 and 4.7%, respectively. A
satisfactory linearity (0.997 > r? > 0.996) and quite a broad linear range (5.0-250 pg L™!) were achieved. The relative errors
as the accuracy were less than 6.4% in all experiments. The method was eventually employed for the preconcentration
and determination of the analytes in various natural water samples and acceptable results were achieved.
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1. Introduction

Parabens (PBs) are well-known synthetic chemicals
that are widely applied as antimicrobial preservatives in
food, cosmetics, personal care, and pharmaceutical prod-
ucts due to their low cost, water solubility, and high stabil-
ity.! Despite the low toxicity, they pose a potential health
risk to human and wildlife in the long term on account of
their estrogenic activities.”? The adverse effects comprise
disruption to the endocrine system, female breast cancer,
irritant contact dermatitis and the development of malig-
nant melanomas.** There is a notable concern, although,
regarding the ubiquitous use in terms of the possible envi-
ronmental impacts of PBs.>® The chemicals may enter the
aquatic environment through numerous pathways includ-
ing discharge of effluents from industries and wastewater
treatment plants.”® Therefore, by raising public attention
over the environment, screening of the organic com-
pounds has been considered a substantial issue.

High-performance liquid chromatography (HPLC
gas chromatography (GC),!"12 and capillary electrophore-

) 9,10
b

sis (CE)!*!* have been most commonly reported for the
determination of PBs in different matrices. Furthermore,
the extraction methods which are frequently utilized prior
to the instrumental analysis are liquid-liquid extraction
(LLE)" and solid phase extraction (SPE)!®17. Conversely,
the particular methods require either a large amount of
sample and organic solvents while they are considered as
labor-intensive, time-consuming and costly procedures.
To ameliorate the conventional methodologies, re-
searchers across the world have been aiming towards the
development of new approaches which are rapid, inexpen-
sive and environmentally friendly.!® The introduction of
solid-phase microextraction (SPME) primarily introduced
the interest in microextraction methods in the early
1990s.!? SPME has obtained expanding popularity in ana-
Iytical laboratories worldwide attributable to its simplicity,
rapidity, sensitivity and high potential for automation.?
Simultaneously, attention was given to the application of
small volumes of organic solvents for extraction and pre-
concentration of analytes, named liquid-phase microex-
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traction (LPME).2!?? During the last years, LPME as an
efficient, simple and quick sample preparation technique
combined with widely available instruments, has been ex-
tensively applied for preconcentration and determination
of interesting analytes.?*2*

Introduction of dispersive liquid-liquid microex-
traction (DLLME) in 2006 has considerably contributed
towards meeting the mentioned aims of sample pretreat-
ment, owing to its distinctive merits of easy operation, low
cost, good enrichment factor, and recovery along with no-
tably short extraction time.>> DLLME is based on a ternary
component solvent system, in which extraction and dis-
perser solvents are expeditiously injected inside the aque-
ous sample to make a cloudy solution. After centrifuga-
tion, the extraction solvent is sedimented at the bottom of
the test tube and removed by a microsyringe for following
instrumental analysis. Because of its convenience and
quickness, DLLME has been broadly applied for the ex-
traction and preconcentration of numerous types of ana-
lytes from various matrices.?%?’

Recently, Rajabi et al. has published a novel salt-
ing-out based centrifugeless DLLME method for the deter-
mination of some analytes in several matrices.?®? Herein,
an organic solvent whose melting point is near the room
temperature is dispersed into the sample solution to facili-
tate the extraction process. Then, by passing the mixture
through a test tube filled with a certain amount of sodium
chloride, the phase separation is easily achieved. Subse-
quently and after immersing the tube inside an ice bath, the
fine droplets of the extraction solvent are solidified on the
top of mixture, collected and after returning to the liquid
state, injected into an analytical instrument. This predomi-
nant and environmentally friendly method is an efficient
and acceptable analytical procedure, for which excellent
accuracy and precision are confirmed, being easy and sen-
sitive enough for the enrichment and determination.

The objective of the present study is to assess the salt-
ing-out based centrifugeless DLLME technique applicabil-
ity for the determination of methyl paraben (MP), ethyl
paraben (EP), propyl paraben (PP), and butyl paraben
(BP) in various natural water samples with quite complex
matrices. The factors controlling the microextraction effi-
ciency were investigated in detail and the optimum condi-
tions were properly set. The developed method was in the
end validated for the quantitative purposes and employed
to real sample analysis in combination with high-perfor-
mance liquid chromatography-ultraviolet detection
(HPLC-UV).

2. Experimental

2. 1. Reagents

Four studied compounds including MP, EP, PP, and
BP were purchased in the highest available purities (>
99%) from Alfa Aesar (Lancashire, UK). Analytical re-

agent grade methanol, sodium chloride (NaCl), nitric acid
(HNO;), sodium hydroxide (NaOH), hydrochloric acid
(HCI, 37%), acetone, 1-dodecanol, 1-undecanol and n-tet-
radecane were acquired from Merck Company (Darm-
stadt, Germany). HPLC grade acetonitrile (Fisher Chemi-
cals, Fair Lawn, NJ, USA) and ultra-pure water (Millipore,
Bedford, MA, USA) were used in all experiments. Stock
standard solutions of each analyte (100 mg L) were pre-
pared in methanol. Working solutions were freshly pre-
pared by diluting the standard solutions with the ul-
tra-pure water to required concentrations. All the solutions
were stored at 4 °C and protected from the light. All glass-
ware and bottles (Schott Duran, Germany) were kept over-
night in 20% (v/v) nitric acid solution and rinsed with the
ultra-pure water before use.

2. 2. Apparatus

A HPLC system (Shimadzu, Kyoto, Japan) including
a pump, an automatic injector equipped with 20 pL sample
loop and a UV detector (set at 254 nm) was applied for the
analysis of the PBs. The analytical column chosen for the
separation was a RP-C18 (LiChrospher, Merck Millipore,
Darmstadt, Germany) with 5 um particle size and dimen-
sions of 250 mm x 4.6 mm i.d., at room temperature of 20
£ 0.5 °C. Isocratic elution consisted of acetonitrile and wa-
ter (65:35, v/v) at a flow rate of 0.8 mL min~! that was run
through the column. The mobile phase was filtered using a
0.2 um membrane filter (Millipore, Bedford, MA, USA)
and it was degassed continuously by an online degasser.

2. 3. Real Samples

The performance of the proposed method was evalu-
ated by analyzing the PBs in four different natural water
samples including Caspian Sea (Noushahr Coast, the north
part of Iran), Persian Gulf (Bandar Khamir Coast, the south
part of Iran), Jajroud River (the east part of Tehran, Iran)
and Amir Kabir Dam (the west part of Tehran, Iran). The
samples were collected in 1 L amber glass bottles. The real
water samples were filtered before the analysis using a 0.45
pm nylon membrane filter (Whatman, Maid-stone, UK) to
eliminate possible solid particles. All the samples were
stored in the refrigerator at 4 °C until their analysis time.

2. 4. The Microextraction Procedure

The microextraction procedure has been introduced
in detail®® and presented as a schematic diagram in Fig. 1.
To begin with, 10.0 mL of the sample solution was poured
to a 15.0 mL screw cap glass test tube while 75 pL of 1-un-
decanol was added into the sample solution as the solidifi-
able extracting solvent. The mixture was quickly sucked
into a 10.0 mL glass syringe and then injected into the tube
by a syringe needle for 10 times. Due to the dispersion of
fine droplets of the extracting solvent through the aqueous
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Figure 1. The schematic diagram of the salting-out based centrifugeless DLLME-HPLC.

bulk, the mixture became turbid during every cycle. In the
next step, a filter was fixed at the bottom of a cleaned 10.0
mL glass syringe barrel while 5 g NaCl was poured into the
barrel and compressed with the syringe plunger. The mix-
ture was then passed through the barrel with a flow rate of
2.0 mL min~L. The fine droplets of the extracting solvent
rose through the mixture and formed a separate layer on
the top of the sample solution which was collected as a re-
sult of the salting-out effect. By blocking the bottom of the
barrel, the separate layer was immersed in an ice water
bath for a few minutes. The extracting solvent was solidi-
fied, carefully collected using a spatula and transferred
into a small vial, where it melted promptly. In the end, a 20
L of the extracting phase was injected into the HPLC-UV
system for the following analysis.

3. Results and Discussion

A one-factor-at-a-time approach was employed to
optimize the influencing parameters on the microex-
traction efficiency. A fixed concentration of the analytes
(100.0 pug L™!) was used in the optimization process. All the
quantifications were performed in the average of three
replicate measurements. Blank samples were run to con-
firm the absence of any interference.

3. 1. The Selection of Extraction Solvent

Generally, the selection of a proper organic solvent in
LPME methods is of great importance for the effective ana-
lyte preconcentration.’®3! There are some criteria for the
solvent selection as follows: it must have a density lower than
water and a melting point near or below the room tempera-
ture, a low solubility in water, a good chromatographic be-
havior, high extraction efficiency for the target analytes as

well as a good stability. To the best of our knowledge, just a
few organic solvents fulfill the mentioned requirements.
Among them, 1-dodecanol (density: 0.8309 g mL}; melting
point: 22-24 °C), 1-undecanol (density: 0.8298 g mL;
melting point: 13-15 °C), and n-tetradecane (density: 0.756
g mLY; melting point: 4-6 °C) are the most available ones.
However, it should be noted that when n-tetradecane was
used, the phase separation was not well done. Consequently,
1-undecanol and 1-dodecanol were considered as the ex-
traction solvents. As it can be seen in Fig. 2, both solvents
offer approximately the same extraction efficiency. From a
practical point of view, it is easier to work with 1-undecanol
and so, it was selected as the organic extraction solvent.

120000

& 1-dodecanol

O 1-undecanol

100000 -

80000 -

60000 -

Peak area

40000 -

20000 -

MP EP PP BP
Analyte

Figure 2. The effect of extraction solvent type on the extraction effi-

ciency. Extraction conditions: sample volume of 10.0 mL (100.0 pg

L~! of mixed PBs), pH 13.0; volume of each organic solvent 75 uL;

10 times of the aspiration-dispersion cycles and the flow rate of the

sample solution through NaCl column of 2.0 mL min~L.

3. 2. The pH of the Sample Solution

The adjustment of the sample solution pH is another
key parameter to accelerate the extraction process and en-
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hance its efficiency in LPME methods.3>** In this work, as
the target compounds are basic (pK, = 8.5), the sample
solution pH was adjusted in the proper basic range (pref-
erably 3 units over the pK,), so that the analytes could re-
main in their undissociated forms and so decrease their
solubility in the sample solution. The dependence of the
extraction performance on pH was evaluated in the range
of 9-13 with the addition of NaOH 4 mol L~! by a micro-
pipette. Based on Fig. 3, the maximum analytical signals
were achieved at pH 12 and remained constant thereafter;
hence, it was chosen as the optimum value for the subse-
quent studies.
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Figure 3. The effect of the sample solution pH on the extraction ef-
ficiency. Extraction conditions: sample volume of 10.0 mL (100.0 pg
L' of mixed PBs), 1-undecanol as the extraction solvent; volume of
the organic solvent 75 uL; 10 times of aspiration-dispersion cycles
and the flow rate of the sample solution through NaCl column of 2.0
mL min~t

3. 3. The Volume of the Extraction Solvent

In LPME techniques, the volume of the extracting
solvent is usually chosen as low as possible to reach greater
enrichment factors along with having lower toxicity.> In
contrast, it should to be satisfactory for the extraction of
target analytes and handling the microextraction proce-
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Figure 4. The effect of the volume of the extraction solvent on the
method performance. Extraction conditions: sample volume of 10.0
mL (100.0 pg L' of mixed PBs), 1-undecanol as the extraction sol-
vent; pH 12.0; 10 times of aspiration-dispersion cycles and the flow
rate of the sample solution through NaCl column of 2.0 mL min~'.

dure as well as practically possible for the injection into an
analytical instrument.?> The effect of the extractant vol-
ume on the extraction efficiency was investigated in the
range of 50 to 150 pL. As can be observed in Fig. 4, the
peak area drops when the volume rises; it is noticeable that
the dilution is the predominant factor for this phenome-
non. On the whole and to gain the highest possible sensi-
tivity, 50 uL of the extractant solvent was chosen as an op-
timum value.

3. 4. The Number of Aspiration-Dispersion
Cycles

The number of aspiration-dispersion cycles plays a
major role for achieving the highest extraction efficiency
along with the least time period.*® To obtain the best per-
formance, the parameter was investigated in the range of
4-14 while the other ones were kept constant. It is demon-
strated that the analytical signals for all the target analytes
were increased with the increase of cycles, up to the 10 and
stayed approximately constant afterwards (Fig. 5). There-
fore, to obtain satisfactory precision, 12 times of the aspi-
ration-dispersion cycles were selected in the following ex-
periments.

180000 1 gMP @EP mPP @BP
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s
100000 -
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Figure 5. The effect of the number of aspiration-dispersion cycles

on the extraction efficiency. Extraction conditions: sample volume

of 10.0 mL (100.0 pg L™! of mixed PBs), 1-undecanol as the extrac-

tion solvent and its volume of 50 uL; pH 12.0 and the flow rate of the

sample solution through NaCl column of 2.0 mL min~!.

3. 5. The Flow Rate of the Sample Solution
Through NaCl Column

The flow rate of the sample solution through the bar-
rel filled with NaCl influences the extraction performance
and controls the extraction time. It should be high enough
to fairly shorten the extraction time and low enough to
amplify the ionic strength and consequently, improves the
extraction efficiency owing to the salting-out effect.” This
effect has been accounted for decline in the solubility of
the target analytes in the aqueous phase and increased par-
titioning into the organic phase.?® The effect of this param-
eter on the extraction efficiency was examined in the range
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of 1-5 mL min~! by passing a 10.0 mL of the sample solu-
tion through the column applying a peristaltic pump. As
shown in Fig. 6, due to the uncomplete salting-out effect at
the flow rate above 2.0 mL min~!, the extraction efficiency
is almost starting to decrease. Therefore, 2.0 mL min~! was
chosen as the optimum flow rate value to get the best pos-
sible efficiency.

200000
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160000 -
140000 -
< 120000 -
100000 -
80000 -
60000 -
40000 -
20000
0

OMP BEP ®BPP BBP

Peak are:

1 2 3 4 5

The flow rate of the sample (mL) solution through NaCl column
Figure 6. The effect of the flow rate (mL) of the sample solution
through NaCl column on the extraction efficiency. Extraction con-
ditions: sample volume of 10.0 mL (100.0 pg L™! of mixed PBs),
1-undecanol as the extraction solvent and its volume of 50 uL; pH
12.0 and 12 times of aspiration-dispersion cycles.

3. 6. The Analytical Figure of Merits

To assess the applicability of the method, calibration
curves were plotted at the optimum conditions using dif-
ferent concentration levels of the analytes. The limit of de-
tection (LOD) based on the signal-to-noise ratio (S/N) of
3, the limit of quantitation (LOQ), determination coeffi-
cient (?) and the linear range (LR) were calculated. As
shown in Table 1, LODs and LOQs for the PBs were in the
range of 2.5-5.0 ug L™! and 5.0-10.0 pug L1, respectively,
while LRs varied in the range of 5.0-250 pg L™! with ? of
0.996 to 0.997.

Table 1. Some quantitative data achieved using salting-out based
centrifugeless DLLME and HPLC-UV for the determination of PBs.

Analyte MP EP PP BP
LOD (ug L1 2 5.0 5.0 2.5 2.5
2 0.996 0.997 0.996 0.997
LOQ (ugL-H)® 10.0 10.0 5.0 5.0
LR (ugLh)¢ 10.0-250  10.0-250  5.0-250  5.0-250

@ Limit of detection for S/N = 3. ® Limit of quantitation. © Linear
range.

3. 7. The Precision and Accuracy

The intra-day and inter-day precision at three con-
centration levels of each analyte were performed and the
results are summarized in Table 2. As can be seen, intra-as-
say precision was studied by measuring the samples at 7
runs a day and provided the relative standard deviation
(RSD) values within the range of 2.8-3.7%. In addition,
the inter-assay precision was determined on the 3-day pe-
riod at a total run of 9 and RSDs were achieved in the
range of 3.8-4.7%. In all experiments, the relative errors as
the accuracy of the method were less than 6.4%. The re-
sults confirmed that the developed method is quite reliable
and repeatable.

3. 8. The Comparisons With Other Methods

A comparison of the developed method with other
formerly reported methods for the determination of PBs
in the same media is provided in Table 3. According to the
data shown, the present work has reasonable RSDs and ad-
equate LRs compared with the other given methods. The
table illustrates that the other methods require special de-
vices or absorbents together with extra sample preparation
steps which can be performed by skillful operators. It is
important to note that by applying the mass spectrometer,

Table 2. Intra-day and inter-day precision and accuracy for the determination of PBs.

Intra-day, n =7

Inter-day, n = 9 (three days)

Compound Concentration Found value RSD Accuracy Found value RSD Accuracy
(ugL™) (ugLH? (%) (%) (ngL)*? (%) (%)
MP 10 10.3 3.7 103 10.4 4.7 104
100 94.1 3.5 94 103.3 4.3 103
200 211.6 3.1 106 210.7 4.0 105
EP 10 10.5 3.6 105 10.6 4.5 106
100 104.2 3.2 104 95.5 4.1 96
200 191.2 2.8 104 207.7 3.9 104
PP 10 9.6 34 96 10.6 3.8 106
100 105.6 33 106 96.3 4.6 96
200 193.4 2.9 97 189.7 4.2 95
BP 10 9.4 3.7 94 10.5 4.6 105
100 105.7 34 106 106.4 4.5 106
200 209.3 3.0 105 192.8 4.0 96

2The average of three independent measurements.
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Table 3. The comparison of the current method with the other methods for the determination of PBs.

Method Sample LOD (pg L) LR (ugL") RSD% Extraction time Reference
matrix (minute)

SA-D-u-SPE-GC-PID @ Water 0.05-0.3 0.2-50 6.0-8.0 20 £4
AME-HPLC-DAD ® Water 1.0-6.5 3.2-500 3.0-22 90 4
VA-D-u-SPE-HPLC-DAD © Water 0.1-0.6 1.0-147 1.7-16 20 41
RDSE-GC-MS/MS @ Water 0.02-0.05 0.06-250 2.0-9.0 85 2
Salting-out based centrifugeless- Water 2.5-5.0 5.0-250 2.8-4.7 7.5 Presented
DLLME-HLPC-UV method

@ Solvent-assisted dispersive micro solid phase extraction and gas chromatography-photoionization detector ) Adsorptive microextraction and
high performance liquid chromatography-diode array detection () Vortex-assisted dispersive micro solid-phase extraction and high performance
liquid chromatography-diode array detection (9 Rotating disk sorptive extraction and gas chromatography-tandem mass spectrometry (© Disper-
sive liquid-liquid microextraction and high performance liquid chromatography-ultraviolet detection

the LODs would significantly decrease whereas the analy-
sis cost remarkably increase. The most obvious point is
that when it comes to the comparison of the extraction
time, the presented method stands in the first order.

3. 9. Analysis of the Environmental Water
Samples

Set at the optimum conditions, the method perfor-
mance was tested by analyzing the PBs in the four different
environmental water samples. The results are presented in
Table 4 and showed that they were free of PBs contamina-
tion. It is worth noting that the method is a non-exhaustive
extraction procedure and therefore the relative recovery
(determined as the ratio of the concentrations found in the

real sample and the pure water sample, spiked with a same
quantity of the analytes), rather than the absolute recovery
(applied in exhaustive extraction methods), was employed.
Therefore, as to evaluate the matrix effects all the real sam-
ples were spiked with PBs standards at different concentra-
tion levels and the relative recovery experiments of the
analytes are calculated (Table 4). The obtained recoveries
were between 93-106%, indicating that the method is not
influenced by the matrix in actual applications, while the
RSD values were below than 3.9% (n = 7). An overlay of
two chromatograms obtained by applying the method for
the Persian Gulf (Bandar Khamir Coast, Iran) sample be-
fore and after PBs spiking are shown in Fig. 7 and demon-
strated no significant interference through the analytical
procedure.

Table 4. The results obtained from the analysis of the natural water samples.

Sample MP EP PP BP
Caspian Sea (Noushahr Coast, Iran), (10.0 pg L' added)

PBs concentration (pg L ND? ND ND ND
Found after spike (ug L) 10.4 9.5 9.3 9.7
Relative recovery% 104 95 93 97

RSD% (1 = 7) 3.1 36 3.0 39
Persian Gulf (Bandar Khamir Coast, Iran), (25.0 ug L~! added)

PBs concentration (pg L ND ND ND ND
Found after spike (ug L) 26.2 24.1 23.7 26.5
Relative recovery% 105 96 95 106
RSD% (1 = 7) 3.8 33 3.6 34
Jajroud River (Tehran, Iran), (50.0 pg L-! added)

PBs concentration (pg L ND ND ND ND
Found after spike (ug L™!) 51.7 52.1 48.3 50.9

Relative recovery% 103 104 97 102
RSD% (1 = 7) 34 35 3.9 37
Amir Kabir Dam (Tehran, Iran), (100.0 ug L' added)

PBs concentration (pg L ND ND ND ND
Found after spike (ug L™!) 104.1 94.9 97.2 96.4

Relative recovery% 104 95 97 96

RSD% (1 = 7) 37 3.1 3.6 32

2 Not detected.
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Figure 7. An overlay of two HPLC chromatograms obtained by performing salting-out based centrifugeless DLLME and HPLC-UYV for the Persian
Gulf water sample (Bandar Khamir Coast, Iran), before (A) and after PBs spiking (B).

4. Conclusions

The aim of the present study was to develop and val-
idate a rapid, robust and reliable method combined with
HPLC-UV for the determination of the PBs in environ-
mental water samples. The satisfactory extraction efficien-
cy, sufficient sensitivity, and repeatability along with sig-
nificant accuracy and linearity were achieved, almost
independent of the complex matrix in the real sample
analysis. Moreover, it needs just a little volume of organic
extractants, being consequently an environmentally
friendly approach of the sample preparation. The entire
analytical procedure presents a cost-effective and quick
way for screening purposes. Therefore, putting all the ad-
vantages together, the developed method possesses a great
potential to be applied in the other applications.
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Uspesno smo razvili preprosto, u¢inkovito in hitro disperzivno mikroekstrakcijo s topili brez centrifugiranja, osnovano
na izsoljevanju, ki smo jo skupaj z visokolocljivostno tekocinsko kromatografijo z UV detekcijo (HPLC-UV) uporabili za
dolocanje izbranih parabenov v okoljskih vodnih vzorcih. Po disperziji ekstrakcijskega topila (1-undekanol) s taliS¢em
blizu sobne temperature v vzorec se motno zmes spusti skozi epruveto, napolnjeno s trdnim natrijevim kloridom. Slednji
deluje kot separacijsko sredstvo na osnovi izsoljevanja. Potem se epruveto potopi v ledeno kopel, pri ¢emer se drobne
kapljice ekstrakcijskega topila strdijo in se jih da zlahka pobrati in po ponovnem utekocinjenju injicirati v HPLC-UV.
Meje zaznave so bile v obmo¢ju 2,5-5,0 pug L1, medtem ko je bila ponovljivost znotraj dneva (n = 7) pod 3,7% in med
dnevi (n = 9, trije dnevi) pod 4,7%. Metoda je imela zadovoljivo linearnost (0,997 > r? > 0,996) in dokaj $iroko linearno
obmogje (5,0-250 pg L1). Relativna napaka pri to¢nosti je bila pod 6,4% v vseh poskusih. Metodo smo na koncu upora-
bili za predkoncentracijo in dolocitev analitov v razli¢nih vzorcih naravnih vod ter dobili sprejemljive rezultate.
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