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ABSTRACT

A dispersive suspended microextraction (DSME) method coupled with gas chromatography-mass spec-
trometry (GC-MS) was developed and validated for the simultaneous determination of ten polycyclic
aromatic hydrocarbons in real water samples. The optimization of the method was achieved with a
27-4 Plackett-Burman design, while the significant factors were optimized using a central composite
design (CCD). The parameters that were studied included the sample volume, organic solvent volume,
extraction time, restoration time and organic solvent. The optimum experimental conditions for the pro-
posed method comprised 4.3 mL of the water sample, 93 L of toluene as the extraction solvent, a 104-s
extraction time and a 10-min restoration time. The recoveries varied from 70 to 111%. Chrysene was the
least recovered compound, while anthracene displayed the highest extraction efficiency. The analytical
method (DSME) was shown to be linear (R% >0.993) over the studied range of concentrations, exhibiting
satisfactory precision (RSD% < 10.6%) and reaching limits of detection between 8 and 46 ngL~".

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are organic com-
pounds that belong to a huge family of molecules containing two
or more aromatic rings [1]. PAH residues can be found in natural
water samples [2,3], in the atmosphere (outdoor [4] and indoor [5]),
in soils [6,7] and in many other matrices because of their wide dis-
tribution throughout the environment. Additionally, PAHs can be
found in living organisms, as well as sediments [8], which work as
natural filters in the sea. PAHs are of special concern because they
present toxic, carcinogenic and mutagenic properties [1].

The most important anthropogenic sources of PAHs are
emissions from vehicle exhaust, asphalt pavement and heating
appliances. However, various natural sources also contribute to
PAH levels, such as incomplete combustion processes at high tem-
peratures and pyrolytic processes involving fossil fuels such as
peat, coal and petroleum [9]. Forest fires have also drawn atten-
tion because they are a major natural source of polycyclic aromatic
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hydrocarbons (PAHs) through incomplete combustion [ 10]. Finally
volcanic activity and biosynthesis by bacteria and plants are other
natural sources of PAHs but contrary to previous sources, they con-
tribute small amounts to the environment [11].

Once emitted, PAHs can undergo long-range transport and
significantly enhance the near ground PAH concentrations in sur-
rounding countries under certain meteorological conditions [12].

The contamination of surface and ground waters with PAHs con-
cerns many researchers around the world. Numerous analytical
methods based on extraction techniques have been developed in
recent years. Methods based on liquid-liquid extraction (LLE) were
the first to allow determination of PAH residues in water samples
[13]. The most common method for the extraction of PAHs from
water samples is solid phase extraction (SPE) [2,9,14-18]. The most
recent traditional method for the extraction of PAHs is solid phase
microextraction (SPME) [19-22].

In recent years, new microextraction methods have been
developed to make analysis faster and cheaper by using
smaller volumes of solvents. These techniques include single-
drop microextraction (SDME) [23,24], ultrasound-assisted
emulsification-microextraction (USAEME) [25,26], dispersive
liquid-liquid microextraction (DLLME) [27-31], vortex-assisted
liquid-liquid microextraction (VALLME) [32,33], and directly
suspended droplet microextraction (DSDME) [34-37].
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In 2011, Yang et al. [38] developed a new extraction method
called dispersive suspended microextraction (DSME). The method
is based on high speed agitation of a small amount of organic sol-
vent with an aqueous sample. In this method, two critical steps
are involved: the extraction step and the restoration step. During
the extraction step, target analytes are extracted into the extrac-
tion solvent, while during the restoration step, the organic and
aqueous phases are separated. After the separation of the two
phases, the target analytes are injected into GC-MS for further
analysis.

Because of the high speed of the magnetic stirring bar in the
extraction step, the extraction solvent forms fine droplets. This can
significantly increase the contact surface between the two phases
and minimize the extraction time. The organic phase forms in the
top-center position of the vortex and it can be collected because it
has a lower density than the aqueous phase. Dispersive suspended
microextraction has overcome several of the disadvantages of other
liquid-phase microextraction methods while retaining many of
their advantages [38].

Most of the studies dealing with analytical methods make use
of the traditional one-factor-at-a-time (OFAT) approach by exam-
ining the effect of each parameter individually while holding all
others constant. However, the results of this univariate analy-
sis show inadequate optimization toward response(s). Moreover,
OFAT approach is costly in the sense of time and reagents, and not
that efficient. There is now increasing recognition that hereditary
malpractice ought to be replaced by sound chemometric methods
such as response surface methodology (RSM) based on statistical
design of experiments (DOE). Such statistical analyses are more effi-
cient, since they account for interaction effects between the studied
variables and determine more accurately the combination of levels
that produces the optimum of the analytical method.

With the above in mind, the aim of this study is two-fold. The
firstis to exploit the analytical utility of DSME for the determination
of PAHs in natural water samples, according to our knowledge for
the first time, followed by gas chromatography-mass spectrometry
(GC/MS). The second is to evaluate and optimize the method with
the aid of response surface methodology and experimental design.
For this reason, a Plackett-Burman factorial design as well as a cen-
tral composite design (CCD) were employed for the determination
of the optimized experimental conditions for the DSME extraction
of analytes from natural water samples.

2. Experimental
2.1. Chemicals and reagents

Polycyclic aromatic hydrocarbons, namely, naphthalene (Nap),
acenaphthylene (Acy), acenaphthene (Ace), fluorene (Flu), phenan-
threne (Phe), anthracene (Ant), fluoranthene (FIt), pyrene (Pyr),
benz[a]anthracene (B[a]A), and chrysene (Chry), were purchased
from Supelco (Bellefonte, Pennsylvania, USA). Toluene, hexane,
isooctane, p-xylene, methanol and dichloromethane were supplied
by Labscan (Dublin, Ireland), and benzene was supplied by Merck
(Darmstadt, Germany). All solvents and reagents were analytical
grade. An individual stock solution of each compound was pre-
pared (1000mgL-') in methanol:dichloromethane (1:1), and a
standard mixture solution of all target analytes was prepared in the
same solvent at a concentration of 1000 wgL~1. The water sample
used for optimization was collected from the Louros River springs
(Epirus, NW Greece) and did not contain PAH residues above the
limit of detection. Moreover, six environmental water samples,
including river water, and lagoon water samples, were selected
(Epirus, NW Greece) to examine the applicability of the proposed
method.

2.2. Apparatus

Analyses were performed using a Trace GC Ultra instrument
(Thermo Scientific, Austin, Texas, USA) coupled to an ISQ mass
spectrometer controlled by a computer running XCalibur software.
The separation was performed using a TR-5 column with a film
thickness of 0.25 um (30 m x 0.25 mm i.d., Thermo Fisher Scien-
tific, Austin, Texas, USA). Helium (purity > 99.999 vol%, Air Liquide,
Greece) was used as the carrier gas at a flow rate of 1 mLmin~'. The
GC oven temperature program was as follows: initial temperature
of 60°C for 1 min, 6°Cmin~! to 175°C (held for 4 min),3°Cmin~! to
235°C, and finally 8 °Cmin~! to 300°C (held for 7 min). The injec-
tor was set at 220°C in the splitless mode. The temperatures of
the ion source and the interface were set at 220°C and 250°C,
respectively. The mass spectrometer was operated in the electron
ionization mode at anionization energy of 70 eV. In the selected-ion
monitoring (SIM) acquisition mode, the target ions were monitored
at different time windows defined by the corresponding retention
times. Three ions of each analyte were chosen according to the
characteristic features of the mass spectra obtained in the full-scan
mode and through comparison with the NIST library. The quality
criteria adopted for the retention times of the analytes as well as the
relative intensities of the selected ions were within the tolerances
established by the 2002/657/EC directive concerning the perfor-
mance of analytical methods and the interpretation of results [39].
The retention times as well as the identification and quantifica-
tion ions selected for the target compounds are shown in Table 1.
Fig. 1 depicts a typical DSME/GC-MS chromatogram obtained from
a spiked (10 wgL~1) natural water sample.

2.3. Dispersive suspended microextraction (DSME) procedure

For the DSME procedure (Fig. 2), 4.3 mL of aqueous sample was
placed in a 10-mL crimp-top glass vial sealed with an open centered
aluminum cap and with a PTFE-gray butyl septum. When needed,
the sample was fortified with a solution of target compounds to
obtain the desired final concentration (10 wgL~!). A 93-u.L aliquot
of toluene, taken with a 100 L single channel pipette (Gilson,
Middleton, Wisconsin, USA, accuracy <0.8 wL), was added as the
extraction solvent to the surface of the aqueous sample. A magnetic
micro stirring bar (10 mm x 3 mm o.d., VWR, Arlington Heights, Illi-
nois, USA) was placed at the bottom of the vial. The sample vial was
placed on a magnetic stirrer to stir the sample.

The DSME procedure first involved an extraction step, followed
by a restoration step. In particular, the stirring speed was set at
1500 rpm (extraction speed) for 104 s (extraction time) and then
was reduced to 800 rpm (restoration speed). In the extraction step,
a cloudy solution was formed, and the analytes in the water sample
were extracted into fine toluene droplets. When the stirring speed
was adjusted to 800 rpm, the restoration step began. At this stirring
speed, a gentle vortex was formed and the toluene droplets began
to coalesce. After 10 min (restoration time), the toluene had sepa-
rated from the aqueous phase, and an organic droplet (85-87 uL)
was formed in the bottom center of the vortex. Finally, after the
restoration step, 1.5 pL of the organic phase was collected with a
10 pL micro syringe (Hamilton, Reno, Nevada, USA) with a small
hub removable needle (26s gauge, 2 in, point style 2) and injected
into the GC-MS for further analysis.

3. Results and discussion
3.1. Preliminary experiments

First, an appropriate extraction solvent for the DSME technique
was selected to recover the studied compounds. It was important
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Table 1

Retention times, molecular weights and target ions for the GC-MS analysis of the target compounds.

Compound Cas number Time window (min) Retention time (min) Molecular weight Quantification and
(gmol1) identification ions (m/z)

Naphthalene 91-20-3 5-14.5 11.32 128.18 128,127,51
Acenaphthylene 208-96-8 14.5-20.5 17.35 152.19 152,76, 151
Acenaphthene 83-32-9 18.04 154.21 154, 152,76
Fluorene 86-73-7 20.13 166.22 166, 165, 82
Phenanthrene 85-01-8 20.5-37 25.49 178.22 178,152, 89
Anthracene 120-12-7 25.86 178.22 178,152, 89
Fluoranthrene 206-44-0 34.37 202.26 202, 200, 101
Pyrene 120-00-0 37-57.3 36.05 202.26 202, 200, 101
Benz[a]anthracene 56-55-3 45.52 228.29 228,226,114
Chrysene 218-01-9 45.74 228.29 228,226,114

for the extraction solvent to fulfill the following criteria: (i) to be
insoluble in water to form two different phases in solution and facil-
itate phase separation, (ii) to exhibit a lower density than water
to rise above the aqueous phase, (iii) to have a high extraction
capability toward the target analytes and (iv) to display good gas
chromatographic behavior. The solvents that were studied and met
these requirements were toluene, hexane, isooctane, p-xylene and
benzene. The results revealed that toluene and benzene had the
highest extraction efficiency (expressed as recoveries) compared
to the other tested solvents (Fig. S1, Supplementary information);
these were therefore selected for further examination in the exper-
imental design.

The influence of the ionic strength on the efficiency of the DSME
was evaluated with the addition of NaCl with concentration in the
range of 0-3.5% (w/v).In all cases enrichments factors were slightly
decreased with increasing ionic strength. It is supposed that this
observation could be attributed to the formation of a physical bar-
rier across the aqueous and organic phase interface, which prevents
the mass transfer of analytes into the extraction solvent [38].

3.2. Experimental design

To evaluate the main factors affecting the efficiency of the DSME
method, i.e., the sample volume, extraction solvent volume, extrac-
tion time, restoration time and extraction solvent, a design with
two steps (screening and optimization) was used to screen the
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optimal experimental conditions. For this purpose, the STATISTICA
7.0 (StatSoft Inc., Tulsa, USA) statistical package was used to gen-
erate the experimental matrix and to evaluate the results.

3.2.1. Plackett-Burman design

An experimental Plackett-Burman design was created to deter-
mine the main factors affecting the extraction efficiency (expressed
as recoveries). This design was applied to evaluate the main effects
of the following five real factors plus two dummy variables: the
sample volume (Vs), extraction solvent volume (Vy), extraction
time (Text), restoration time (Tres) and extraction solvent (Solv).
Overall, the experimental design included eight experiments with
one replication for each. In total, 16 experiments were carried out
(Table S1, Supplementary information).

Analysis of variance (ANOVA) was performed to examine
whether the studied experimental factors were significant in the
performance of the proposed method. An effect was considered
significant when it was above the standard error at the 95% confi-
dence level (p<0.05). According to the Pareto chart and analysis
of variance, three factors were significant and were evaluated
in the central composite design for further analysis (Fig. S2,
Supplementary information). Specifically, the extraction solvent
volume (p=0.041) and extraction time (p=0.004) had a positive
effect, while the sample volume (p=0.011) had a negative effect.
According to the obtained results in the investigated experimen-
tal domain (Table S1, Supplementary information), the restoration
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Fig. 1. Typical DSME/GC-MS chromatogram obtained from a spiked (10 wgL~") natural water sample.
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Fig. 2. Schematics procedure of DSME: (A) set up; (B) extraction step; (C) restoration step, (D) sampling, (E) parts of device.

time (p=0.215) and solvent (p=0.301) had no significant impact on
the extraction yield and thus were kept fixed for further analysis. In
particular, toluene was chosen as the extraction solvent because it
separates rapidly from water, and it is more quickly recovered com-
pared to benzene. In addition, the restoration time was selected
to be 10 min because by this time the organic phase was sepa-
rated from the aqueous phase. Phase separation of toluene could be
achieved at lower restoration time, however, the recovered phase
volume displayed a higher variability.

3.2.2. Central composite design

Following the results of the previous design, the next step was
to optimize the analytical method for the remaining three factors
by employing a central composite design (CCD). Seventeen exper-
iments were required in this design with three central points. The
conditions set in each experiment are listed in Table 2.

The main effects, interaction effects, and quadratic effects were
evaluated through analysis of variance (ANOVA) at a spiked con-
centration of 0.01 mg L. The lack of fit, which measures the failure
of the model to represent the data in the experimental domain at
points that are not included in the regression [40], was also evalu-
ated and shown to be not significant (p value = 0.057), indicating the
good response of the model. A summary of the ANOVA is included
in Table 3.

From the pareto chart (Fig. S3, Supplementary information), it
can be observed that all linear, interaction and quadratic effects
were significant. Data analysis at the 95% confidence level permit-
ted an expression (Eq. (1)) to be defined in terms of the significant
coded factors:

Y(R%) = 86.69 — 7.91y, — 6.09_ +3.16y, — 0.395d ~1.387,,
~1.93%  —4.66y.v, — 1.96y,xTe + 2-25V,xTuxe (1)

where V; is the sample volume, V is the extraction solvent volume
and Tex: is the extraction time.

The reflected interaction between the sample volume and the
extraction solvent (toluene) volume (Fig. S4, Supplementary infor-
mation) showed that the highest extraction efficiency (recoveries)
was obtained at a sample volume of 4.1-4.4 mL and at the high-
est levels of toluene (V). Under these conditions, the extraction
solvent (toluene) was more efficiently dispersed in the aqueous
solution (resulting in the highest extraction yield of the target
analytes) and then restored to form the organic droplet. This obser-
vation was also confirmed by the fact that the same amount of
toluene (85-87 L) was recovered at the end of the phase sepa-
ration process, irrespective of the sample volume. Considering the
interaction between the toluene volume (V) and the extraction
time (Fig. S4, Supplementary information), when a large extraction
volume was used, a longer extraction time was required. However,
for a fixed Vy4, a sample volume close to 4.3 mL and an extraction
time above 100s produced the highest extraction yields (Fig. S4,
Supplementary information). It should be noted that extraction
times longer than 110s were insufficient due to the inability of
toluene to be restored to a single droplet after the extraction.

The overall optimal extraction conditions were calculated by the
software (99.9% average recovery of the target analytes) to com-
prise a 4.3 mL sample volume, a 93 pL organic solvent volume, a
104 s extraction time, toluene as the organic solvent and a 10-min
restoration time.

The enrichment factor (EFs), which was defined as the ratio of
the analyte concentration in the extraction solvent after the extrac-
tion process and the concentration of analyte in water before the
extraction process, was used to evaluate the extraction yield under
different experimental conditions. Enrichment factors (EFs) were
in the range of 35-55.

3.3. Analytical performance of DSME

The figures of merit of the proposed method were evaluated
with the determination of the limits of detection (LODs) and
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Table 2
Central composite design showing factors, codes and levels.

Factors Levels Star point («=1.682)
Low (-1) Central (0) High (+1) —o +o

(Vs) sample volume (mL) 425 4.5 4.75 4.08 4.92
(V) extraction solvent volume (L) 72 80 88 66.5 93.5
(Text) extraction time (s) 85 100 115 75 125
Runs Vs Va Text Average recovery (R%)

1 -1 -1 -1 56.9

2 -1 -1 +1 86.4

3 -1 +1 -1 77.3

4 -1 +1 +1 86.9

5 +1 -1 -1 80.6

6 +1 -1 +1 91.8

7 +1 +1 -1 96.1

8 +1 +1 +1 78.2

9 —a 0 0 79.9
10 +o 0 0 86.7
11 0 - 0 69.3
12 0 +o 0 67.2
13 0 0 - 82.2
14 0 0 +a 91.8
15 0 0 0 65.6
16 0 0 0 82.9
17 0 0 0 79.5

quantification (LOQs), the intra-day and inter-day precision, the
trueness expressed as R% and the linear range; they were calcu-
lated to evaluate the analytical performance of the method under
optimum conditions.

3.3.1. Limit of detection

The limits of detection (LODs) and limits of quantification (LOQs)
of the proposed method were based on a signal-to-noise ratio of 3
(S/N>3)and 10 (S/N > 10), respectively. The detection limit of the
method ranged from 8 to 46 ngL~!, while the quantification limits
ranged between 24 and 138 ngL~1.

3.3.2. Precision

The intra-day repeatability (RSD;%, n=5) and inter-day repro-
ducibility (RSDg%, n=5 x 3 days) were expressed by calculating the
relative standard deviation (RSD%). Experiments were carried out
by extracting a water sample spiked at 10 ugL~!. The intra-day
repeatability ranged between 3.7 and 10.6%, while the inter-day
reproducibility ranged between 3.3 and 10.9% (Table 4).

3.3.3. Linear range

To investigate the linearity of the method, extractions of seven
spiked water samples were used. Each concentration was injected
in triplicate. The linear determination coefficients ranged between

0.993 and 0.999 (Table 4). The linear range for each compound is
listed in Table 4.

3.3.4. Method trueness
The trueness of the method was evaluated by recovery studies.
The following equation was used to calculate the recovery:

c analyte found

c analyte added x 100%

Analytical recovery %=
where ¢ analyte found is the analyte concentration found in the
spiked water sample, and c analyte added is the theoretical spiked
analyte concentration.

The water sample used for the recovery studies did not con-
tain PAH residues above the limit of detection. The recoveries were
calculated at three different concentrations. Water samples were
spiked at concentrations of LOQ, 5 x LOQ and 10 x LOQ for each
compound. Table 4 shows the results from these concentration
levels.

3.4. The influence of the addition of humic acid on the DSME
extraction efficiency

Humic matter can reduce the amount of extractable organic
compounds and/or interfere in their analysis. The influence of
humic acid on the extraction efficiency (expressed as recoveries)

Table 3
ANOVA results obtained by central composite design.
Sum of Squares (SS) Degrees of freedom Mean Squares (MS) F-value p-Value

V(L) 854.510 1 854.5096 9876 0.0001
Vs(Q) 416.762 1 416.7619 4817 0.0002
Va(L) 136.616 1 136.6164 1579 0.0006
Va(Q) 1.700 1 1.7004 20 0.0473
Text(L) 25.846 1 25.8456 299 0.0033
Text(Q) 40.637 1 40.6372 470 0.0021
Vs(L) by V4(L) 173.358 1 173.3583 2004 0.0005
Vs(L)by Tex(L) 30.641 1 30.6414 354 0.0028
Va(L)by Texc(L) 40.542 1 40.5420 469 0.0021
Lack of fit 7.295 5 1.4589 17 0.0569
Pure error 0.173 2 0.0865
Total SS 1712.590 16

(Vs)=sample volume, (V;)=extraction solvent volume and (Tex) = extraction time.
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Table 4
Quality factors for the analytical performance of DSME.

51

Compound R22 RSD;” (%) RSDg¢ (%) LOD(ngL!') LOQ(ngL-!) Linearrange Enrichment Recovery? (%) Recovery® (%) Recovery' (%)
(ngL1) factors

Naphthalene 0.993 7.3 6.7 8 24 25-500 52 106 108 107
Acenaphthylene 0.998 5.0 4.6 13 39 50-750 51 104 105 104
Acenaphthene 0999 3.7 33 12 36 50-750 44 89 97 98
Fluorene 0.998 43 5 13 39 50-750 43 86 93 94
Phenanthrene 0.996 5.1 4.7 18 54 75-1000 45 92 97 96
Anthracene 0998 10.6 10.9 24 72 75-1000 55 111 113 114
Fluoranthrene 0.995 6.5 6.7 16 48 50-750 50 101 103 105
Pyrene 0996 45 4.7 14 42 50-750 47 96 102 93
Benz[a]anthracene 0.998 6.5 8.2 46 138 150-1500 38 77 92 90
Chrysene 0.999 52 3.8 41 123 150-1500 35 70 89 91
2 Linear coefficient of determination.
b Intra-day precision, n=5.
¢ Inter-day precision, n=>5.
d Concentration level = LOQ for each compound.
¢ Concentration level =5 x LOQ for each compound.
f Concentration level =10 x LOQ for each compound.

Table 5

Target compounds found in real water samples.
Compound SS1 River SS2 River SS3 River SS4 River SS5 Lagoon SS6 Lagoon
Naphthalene nd nd nd nd nd nd
Acenaphthylene nd nd nd nd 0.357 nd
Acenaphthene nd nd nd nd nd nd
Fluorene nd nd 0.443 0.449 nd nd
Phenanthrene nd nd nd 0.393 nd nd
Anthracene nd nd nd 0.385 nd nd
Fluoranthrene nd nd 0.359 0.358 nd nd
Pyrene nd nd nd 0.263 nd nd
Benz[a]anthracene nd nd nd nd nd nd
Chrysene nd nd nd 0.256 nd nd

SS: sample station; nd: not detected.

of the target analytes in the DSME protocol was therefore investi-
gated. The recoveries of the analytes (LOQ concentration for each
analyte) spiked at different concentrations of humic acid (12.5, 25
and 50mgL-!) were determined with the DSME/GC-MS proce-
dure. Table S2 (Supplementary information) shows the recoveries
obtained at different concentrations of humic acid for the analytes
studied. For the majority of the analytes, similar recoveries were
obtained in the presence of low and high humic acid concentra-
tions. This suggests that the presence of organic matter has little
influence on the detection of the analytes.

3.5. Comparison with other methods

A statistical comparison of the developed DSME method with
DLLME [41] was performed to verify the agreement of the two
results at 95% confidence level (n=5). For simplicity, the variance
was considered to be constant among the various samples. The
samples were fortified at 250 ng L~! to ensure the robustness of the
measurements. Neither the individual F-test nor the T-test revealed
that statistically significant differences were not found.

The proposed method was also compared to other microex-
traction methods with regard to PAHs determination in aqueous
samples (Table S4, Supplementary information). Compared to
SPME [20] and HSPME [42] extraction methods, the proposed DSME
method is attained faster with an extraction/restoration process no
longer than 12 min. Although DSME was equally compared to the
sensitivity and LODs of DLLME [41], which displayed an extraction
process of few seconds, the limitation of both methods was the
use of toxic extraction solvents. Recently, Tseng et al., [43], showed
that UDSA-DLLME and WLSEME are viable alternative techniques
for sample pre-concentration in terms of performance and speed
with minor limitations to sensitivity.

3.6. Real samples analysis

The proposed method was applied to real water sample anal-
ysis. Different types of water samples obtained from six sample
stations were used, including river and lagoon sources. Among the
target analytes, seven PAHs were detected in three of a total of six
sample stations. Specifically, six PAHs were detected in one sam-
ple station, while three sample stations were totally free from PAH
residues. Table 5 shows the results collected from the real water
analysis.

4. Conclusions

In the present study, for the first time, directly suspended
microextraction (DSME) coupled with GC-MS was evaluated for
the simultaneous determination of PAH residues in real water sam-
ples. This simple, rapid and inexpensive extraction method fulfilled
analytical validation criteria. The sensitivity and linear dynamic
range were relevant to environmental water analysis, and accu-
rate measurement of the compounds of interest in surface waters
was achieved.
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