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Abstract
This paper aimed to optimize a method for extraction of 26 polycyclic aromatic hydrocarbons (PAHs), which are petroleum 
markers, and their derivatives in surface sediment samples. The gas chromatography coupled to mass spectrometry detection 
with automated headspace solid phase microextraction (HS-SPME-GC/MS) was used in the studies. Extraction temperature, 
extraction time, stirring, sample mass, the volume of saline solution and sorption time were the factors optimized applying 
24 complete factorial and 23 rotational central composed designs. The linear range of the calibration curve for each PAH 
was from 10 to 40 ng g−1 and the Pearson correlations for all the compounds were above 0.98. The detection and quantifica-
tion limits values ranged from 0.13 to 0.46 ng g−1 dry weight and 0.42 to 1.52 ng g−1 dry weight, respectively. The mean 
recoveries of the spiked samples ranged from 74 ± 16% (acenaphthylene) to 98 ± 5% (fluoranthene) and 84 ± 8% (retene) 
to 119 ± 6% (9-methylanthracene) for the spiked blanks. Sediment samples show the concentration of PAHs ranged from 
0.55 ± 0.04 (naphthalene) to 17.4 ± 0.5 (pyrene) ng g−1 based upon the dry weight.
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Introduction

The polycyclic aromatic hydrocarbons (PAHs) are a group 
of ubiquitous organic pollutants that have natural sources 
(volcanic eruptions, biomass burning, and forest fires) and 
anthropogenic ones (burning of fossil fuels, runoff from 
paved roads, sewage and industrial waste) [1–3]. These com-
pounds are resistant to degradation, being included in the 
class of persistent organic pollutants known as POPs [2, 4] 
and sixteen are harmful to the environment and to humans 

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s1033​7-019-03825​-7) contains 
supplementary material, which is available to authorized users.

 *	 Fausto Moreira Araujo 
	 fausto.moreira.araujo@gmail.com

1	 Departamento de Química, Universidade Federal de Juiz de 
Fora, Juiz de Fora, MG 36036‑900, Brazil

http://orcid.org/0000-0001-8661-8589
http://crossmark.crossref.org/dialog/?doi=10.1007/s10337-019-03825-7&domain=pdf
https://doi.org/10.1007/s10337-019-03825-7


262	 F. M. Araujo et al.

1 3

due to their mutagenic and carcinogenic properties [4, 5]. 
These characteristics have made them included in the list 
of priority pollutants by the United States Environmental 
Protection Agency [6].

The determination of these compounds in sediment sam-
ples have been performed by several methods that employ 
various steps in sample treatment, such as extraction, con-
centration, transfers and purification, generating losses of 
the compounds, decreasing accuracy and precision of the 
methods [2, 7, 8]. As Sampei et al. [9] that applied ultrasonic 
bath with dichloromethane and methanol (9:1) to extraction 
of PAHs in sediment cores from lakes Shinji and Nakaumi 
in Japan. Chen et al. [10] used accelerated solvent extraction 
with 100 ml dichloromethane to extract 16 priority PAHs 
in surfaces sediments from Bering Sea, Chukchi Sea, and 
Canadian Basin. The solid-phase-dispersive microextrac-
tion method based on magnetic carbon nanocomposites 
coupled with dispersive liquid–liquid microextraction and 
two miscible stripping solvents (MSPE–DLLME) accompa-
nied of gas chromatography–mass spectrometry (GC–MS) 
was developed by Yazdanfar et al. [11] for 16 PAHs priority 
in water and soil samples. Furthermore, these methods use 
organochlorine solvents such as dichloromethane [7, 12], a 
possible human carcinogen [13–15].

In this perspective, the solid phase microextraction 
(SPME) has gained prominence. Since it is coupled to chro-
matographic techniques, it allows the automation of the 
sample treatment process, reducing sample preparation time 
and smaller sources of error. It results in an improvement of 
extraction efficiency [16–19].

SPME is a technique developed for the preparation of 
samples for analysis in gas chromatography. The sorption of 
the compounds is performed on a chemically modified silica 
fiber with subsequent thermal desorption of the compounds 
in a chromatograph [18, 20, 21]. Hence, the sample can be 
placed directly in a vial, eliminating steps of extraction with 
solvent, purification and pre-concentration [16, 18, 21–23]. 
Feng et al. [24] developed a solid-phase microextraction tube 
based on barium sulfate nanoparticle-coated basalt fibers 
and eight PAHs was determinate in water samples by HPLC. 
The method showed low limit of detection (0.10 μg L−1) and 
satisfactory recovery (79–121%) [24].

The two main modes of SPME sampling are direct and 
headspace (HS) extraction. In the direct extraction mode, 
the fiber is immersed in the sample and the compounds are 
transported from the sample to the extractor film [18, 20]. In 
headspace mode, the compounds are transported through the 
air barrier before they reach the fiber coating. In this mode of 
extraction, the fiber is protected by possible damages caused 
by interferes and suspended particles, being recommended 
the use for the analysis of semi-volatile and volatile com-
pounds in liquid and solid samples [18, 20]. The fiber coat-
ing type is an important factor to SPME analysis. Recently, 

Tian et al. [25] employed the UiO-66 metal–organic frame-
work (MOFs) with coating fiber to quantification of nine 
PAHs in water samples, obtained good extraction perfor-
mance and detection limits (0.01–0.03 μg L−1).

Ghiasvand and collaborators increased performance in 
the HS-SPME technique by simultaneously heating the 
sample and cooling the fiber coating (cold-fiber headspace 
solid-phase microextraction—CF-SPME) for six PAHs in 
sediment samples with very good sensitivity and reason-
able precision [26]. The CF-SPME technique was improved 
employing with the use of the pressure-balanced procedure 
to eight PAHs in sediments getting efficiency in the extrac-
tion and good precision in comparison to regular CF-SPME 
[27]. Vacuum-assisted headspace solid phase microextrac-
tion (Vac-HSSPME) was reported for five PAHs in solid 
matrix, which was constated that lowering the pressure, the 
extraction kinetics of low volatile analytes can be signifi-
cantly improved [28].

SPME has been gained increasing attention in the optimi-
zation of sample preparation methods because it contribute 
to greener chemistry practices. Galuszka and collaborators 
reviewed the principles of green chemistry and proposed 
twelve green analytical chemistry practices [29]. These are: 
(1) the use of direct analytical techniques, (2) minimal sam-
ple amounts, (3) measurements in situ, (4) integration of 
analytical processes, (5) employ of automated and miniatur-
ized methods, (6) the derivatization should be avoided, (7) 
generation of a large volume of analytical waste should be 
avoided, (8) multi-compound or multi-parameter methods 
are preferred, (9) the use of energy should be minimized, 
(10) reagents obtained from renewable source should be pre-
ferred, (11) toxic reagents should be eliminated or replaced 
and (12) the safety of the operator should be increased [29].

Therefore, the present work aimed to perform the opti-
mization of a method to extract to 26 PAHs in surface river 
sediments, employing automated system by headspace solid 
phase microextraction with gas chromatography coupled 
mass spectrometry (HS-SPME-CG/MS).

Materials and Methods

Standards and Reagents

Sodium chloride was used in the experiments for extrac-
tion via headspace. A standard mixture containing 26 PAHs 
(naphthalene; 2-methylnaphthalene; 1-methylnaphthalene; 
biphenyl; 2-ethylnaphthalene; 1-ethylnaphthalene; 2,6-eth-
ylnaphthalene and 2,7-ethylnaphthalene; 1,7-dimethylnaph-
thalene; 1,3-dimethylnaphthalene; 1,6-dimethylnaphthalene; 
2,3-dimethylnaphthalene and 1,4-dimethylnaphthalene; 
1,5-dimethylnaphthalene; acenaphthylene; 1,2-dimeth-
ylnaphthalene; 1,8-dimethylnaphthalene; acenaphthene; 
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fluorine; dibenzothiophene; phenanthrene; anthracene; 
1-methylanthracene; 1-methylphenanthrene; 9-methyl-
anthracene; fluoranthene; pyrene; 2-methylfluoranthene; 
retene) at 10 ng µL−1 and surrogates standard mixture con-
taining naphthalene-d8, acenaphthene-d10 and phenanthrene-
d10 at 10 ng µL−1 was prepared to the studies. Fluoranthene-
d10 was employed with an internal standard at 10 ng µL−1. 
The individual standards were obtained commercially 
(Sigma-Aldrich).

Collection of Sediment Samples

Three sediment samples were collected using a Petersen 
dredger, in the city of Juiz de Fora. They were collected 
from the São Pedro (sample 1), João Penido (sample 2) and 
the Chapéu D’Uvas (sample 3) dams, in August of 2016. 
Initially, the samples were transferred to a previously decon-
taminated aluminum tray to remove litter and wood. The 
collected material was then stored in aluminum containers 
and transported to the laboratory. After collection, the sedi-
ment was dried in an oven at 38 °C for 72 h, and residues of 
branches, leaves, and trash were removed by priming [30]. 
Finally, the dried sample was sieved (3 mm sieve) to remove 
larger rocks over a mortar, in which the particle size reduc-
tion was carried out until a homogeneous granulometry. The 
treated material was stored in decontaminated glass bottles.

Instrumentation

PAHs analyses were performed on a gas chromatograph 
coupled mass spectrometer, GC 2010 Shimadzu, with 
RtX®-5 ms (30 m × 0.25 mm d.i. × 0.25 µm film; 5% diphe-
nyl and 95% dimethylpolysiloxane) column. Equipped with 
AOC-5000 Autosampler with an incubator for headspace 
solid phase microextraction (HS-SPME-GC/MS). The 
gas chromatograph temperature was: 50 °C (2 min.), then 
4 °C/min to 105 °C (2 min.), 2 °C/min to 120 °C, 4 °C/
min to 145 °C (2 min), 2 °C/min to 160 °C, 4 °C/min to 
200 °C (2 min), 4 °C/min to 250 °C and 20 °C/min to 290 °C 
(10 min). The mass spectrometer with quadrupole mass ana-
lyzer operated in the SIM mode, with the ionization source 
at 230 °C and electron beam at 70 eV. SPME Fiber Assem-
bly Polydimethylsiloxane/Divinylbenzene (PDMS/DVB Sta-
bleFlex—Supelco) of 65 μm thickness was used in studies.

Experimental Designs

Initially, a 24 complete factorial design with quintuplicates 
in the central point was performed as a preliminary study, 
with screening purposes. The factors evaluated were: sam-
ple mass (3 g and 5 g), solvent volume (4 mL and 5 mL), 
time (20 min and 60 min) and extraction temperature (70 °C 
and 90 °C). After this screening step, a 23 rotational central 

composite design (RCCD) with triplicate in the central point 
was performed.

The RCCD is usually composed by a factorial part, also 
known as cubic, an axial part or star and another with tests 
at the central point, with the axial point being α = 4√nfactorial 
[31]. The factors studied in this design were stirring, time 
and temperature of extraction, as presented in Table 1. In 
the 23 central composite design with triplicate in central 
point, seventeen experiments were performed in total, being 
fourteen trials in different conditions proposed by the cubic 
portion plus the axial portion and three tests in the central 
point for the evaluation of the experimental error. For all 
experiments, the analytical response was monitored through 
the sum of the area obtained for each compound studied. In 
the assays, the fortification was carried out with standard 
solutions of the 10 ng μL−1 PAHs and surrogates and the 
internal standard was 10 ng μL−1, adding 10 μL of each 
solution. The sample used in these studies was the sediment 
collected in São Pedro dam.

In the 20 mL flask, the sample mass required for the 
experiment was weighed. Then, the fortification of the sam-
ple was performed with the solution containing the PAHs 
and surrogate standards. Thereafter, the vial was sealed with 
foil and shaken for 5 min by hand to homogenize. After this 
process, the internal standard solution and the 30% (m/v) 
sodium chloride solution were added to the flask. Finally, 
the vial was sealed with a magnetic cap containing a 1.5 mm 
thick septum.

After optimizing the extraction conditions for the PAHs, 
a univariate study was conducted to optimize the sorption 
time of the compounds in the fiber. In this study, six flasks 
containing the fortified sample were subjected to the extrac-
tion conditions established, by headspace, and for each flask, 
different sorption times were applied. The sorption times 
studied were 0.5; 1; 2; 3; 4 and 5 min. All process was per-
formed in triplicate.

Method Validation

For the evaluation and validation of the method, we per-
formed a study of recovery employed samples and blank 
spiked following the procedures suggested by the Interna-
tional Union of Pure and Applied Chemistry (IUPAC) [32]. 
In this study, São Pedro dam sediment was used with matrix 

Table 1   Factors and levels studied in the 23 central composite design

Factors Levels

− 1.69 − 1 0 + 1 + 1.69

Extraction time (min) 53.2 60 70 80 86.8
Stirring (rpm) 266 300 350 400 434
Solvent volume (mL) 3.66 4 4.5 5 5.34
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and for blank spiked was employed a sample of sediment, 
which had a negligible concentration of PAHs. The accu-
racy and precision of the method were evaluated by recovery 
studies of samples (n = 6) and blanks (n = 6) spiked. The 
spikes were performed in middle concentration level of 
calibration and the experiments were carried out using the 
conditions optimized.

Analytical curves for PAHs were constructed using inter-
nal standardization with sample overlap. The curves of each 
compound comprised the concentration levels of 0, 10, 20, 
30 and 40 ng g−1 dry weight and were prepared from a stand-
ard mixture solution of PAHs and another one, containing 
surrogates and internal standards at 10 ng μL−1. The surro-
gates and internal standards were maintained at 20 ng g−1 in 
all experiments. Four replicates were performed in the cen-
tral point, for further evaluation of the experimental error, 
regression parameters of the linear model and analysis of 
variance (ANOVA) to verify the fit of the regression model. 
Furthermore, the limits of detection and quantification were 
estimated based on the calibration curve obtained for each 
compound [33, 34]. The Microsoft Office® software, Excel 
2013, was performed for all data handling and construction 
of the response surface methodology.

Results and Discussion

Calibration Curve

The calibration curves used for the quantification of PAHs in 
the sediment samples were constructed as described in Sect. 
“Method validation” and in Table 2 are shows the equations 
obtained, the regression parameters and the analysis of vari-
ance for each PAH.

The coefficients of Pearson obtained ranged from 
0.9836 to 0.9960 indicating a good fit of the experimental 
points with the adjusted curve. In the study of the linear-
ity of the analytical curve, it was observed that the regres-
sion of the model is significant for all the compounds 
(Fcalulated ≫ Ftabulated). Moreover, analysis of variance 
(ANOVA) for the linear regression models indicated that 
there is no significant evidence of non-fitted models at 95% 
confidence level (Fcalculated ≪ Ftabulated).

Extraction by HS‑SPME‑GC/MS and Experimental 
Designs

In the headspace extraction, factors such as sorption time, fiber 
coating, temperature, stirring speed, sample mass, salt-water 
volume, extraction time, type of fiber are some of the parame-
ters that can influence the signal obtained [18]. The headspace 
extraction system in this work is complex because four-phase 
system can be considered: the fiber coating, the gas phase or 

Table 2   Calibration curves, linear regression analysis and analysis of 
variance (ANOVA) obtained for each PAH

Surrogates PAHs Linear regression ANOVA

Curves Pearson 
correla-
tion

Fcalculated

Naphthalene-d8 1 Y = 0.8512 
X + 0.0323

0.9950 0.64

2 Y = 1.2758 X− 
0.0739

0.9947 0.05

3 Y = 1.2645 X − 
0.1026

0.9937 0.28

4 Y = 0.9377 X − 
0.1221

0.9912 0.56

5 Y = 1.0688 X− 
0.1251

0.9916 0.30

6 Y = 1.0067 X − 
0.1129

0.9928 0.51

7 Y = 1.7591 X− 
0.1786

0.9916 0.35

8 Y = 1.6322 X − 
0.1489

0.9916 0.36

9 Y = 0.7379 X − 
0.0747

0.9928 1.08

10 Y = 1.5658 X − 
0.1558

0.9916 0.45

11 Y = 0.8448 X − 
0.0966

0.9905 0.61

12 Y = 0.3451 X − 
0.1046

0.9602 1.98

13 Y = 0.7680 X − 
0.1005

0.9902 0.73

14 Y = 0.4741 X − 
0.0694

0.9890 0.88

Acenaphthene-d10 15 Y = 1.3763 X - 
0.1397

0.9947 0.24

16 Y = 0.8392 X − 
0.1442

0.9908 1.71

17 Y = 0.1848 X − 
0.0388

0.9845 1.35
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headspace, the salt-water and the solid sample. In this perspec-
tive, mass conservation can be expressed by Eq. 1:

where C0 is the analyte concentration in the sample;C∞
s
,C∞

w
, 

C
∞
h

 and C∞
f

 are the equilibrium concentrations of the ana-
lyte in the sample, salt-water, headspace and fiber coating, 
respectively; and Vs, Vw, Vh and Vf are the volume of sam-
ple, salt water, headspace and fiber coating, respectively. 
If the definition of the coating/gas distribution constant as 
Kfh = C

∞
f
∕C∞

h
 , the gas/salt-water distribution constant as 

Khw = C
∞
h
∕C∞

w
 and water/sample matrix distribution con-

stant as Kws = C
∞
w
∕C∞

s
 , the mass of the analyte absorbed 

by the fiber coating ( n = C
∞
f
Vf ), can be expressed by Eq. 2:

As Kfs =
C
∞
f

C∞
s

= KfhKhwKws, Eq. 2 can be rewriting:

(1)C0Vs = C
∞
s
Vs + C

∞
w
Vw + C

∞
h
Vh + C

∞
f
Vf,

(2)n =
KfhKhwKwsC0VsVf

KfhKhwKwsVf + KhwKwsVh + KwsVw + Vs

.

Based on Eq. 3, the concentration of analyte adsorbed by 
fiber coating is directly proportional to the concentration 
contained in the sample [18]. Thus, a complete 24 factorial 
design was used to estimate the behavior of the signal vary-
ing the conditions of extraction time, sample mass, volume 
of sodium chloride solution at 30% (m/v) and the extrac-
tion temperature. In Supplementary material-Table 1, the 
values obtained to the sum of areas for the 26 PAHs in each 
experiment and the surrogates employed to calibration are 
presented.

A quadratic prediction model (Eq. 4 in supplementary 
material) was constructed with these values, in which the 
coefficients of this model and their respective errors were 
calculated by the expressions β = (XTX)−1 × (XTY) and 
expression V(β) = (XTX)−1σ2, respectively [31].

Based on the values presented by the model, it can be 
observed that the factors extraction time and extraction tem-
perature were the factors that were found to be significant at 
95% confidence for the model. The other factors and their 
interactions were not significant (Table 2 in supplementary 
material).

In addition to the calculations of the model coefficients 
and their errors, a variance analysis (ANOVA) was per-
formed to verify the fit of the model. A relative standard 
deviation of 9.95% was calculated through the quintuplicates 
of the central point and indicates a good precision since the 
experimental error allowed for the PAHs in the concentra-
tion of ng g−1 is about 35% [35]. The value of calculated F 
(0.096) was lower than that of tabulated F (7.700) using a 
confidence of 95%, indicating that there is no evidence of 
lack of adjustment of the response model (Table 2 in sup-
plementary material). For the evaluation of the behavior 
of the prediction model in front of the studied variables, 
were constructed responses surfaces with the two factors 
(time and temperature of extraction) that were significant 
for the model. Figure 1 shows the response surface, which 
is presenting the sum of areas predicted as a function of 
temperature, and extraction time when mass and volume are 
set to zero.

Other surfaces were constructed taking into account the 
combination of levels for each factor. However, they pre-
sented the same response profile, indicating that there is a 
higher response when extraction temperature and extraction 
time are in the high level (+1). Based on the results pre-
sented, the sample mass and the volume of sodium chloride 
solution were not significant factors, which suggests the use 
of its lower levels for the extraction process of PAHs from 
the headspace sediment. However, the highest sample mass 
level was chosen to be used in the extractions, since the con-
centration of PAHs in the samples is very low, in the order 

(3)n =
KfsC0VsVf

KfsVf + KhwKwsVh + KwsVw + Vs

.

PAHs: 1: naphthalene, 2: 2-methylnaphthalene, 3: 1-methylnaph-
thalene, 4: biphenyl, 5: 2-ethylnaphthalene, 6: 1-ethylnaphthalene, 
7: 2,6-ethylnaphthalene and 2,7-ethylnaphthalene, 8: 1,7-dimethyl-
naphthalene and 1,3-dimethylnaphthalene, 9: 1,6-dimethylnaphtha-
lene, 10: 2,3-dimethylnaphthalene and 1,4-dimethylnaphthalene, 11: 
1,5-dimethylnaphthalene, 12: acenaphthylene, 13: 1,2-dimethylnaph-
thalene 14: 1,8-dimethylnaphthalene, 15: acenaphthene, 16: fluorene, 
17: dibenzothiophene, 18: phenanthrene, 19: anthracene, 20: 1-meth-
ylanthracene, 21: 1 methylphenanthrene, 22: methylanthracene, 
23: fluoranthene, 24: pyrene, 25: 2-methylfluoranthene, 26: retene; 
Ftabulated (0.05; 3;3) = 9.28

Table 2   (continued)

Surrogates PAHs Linear regression ANOVA

Curves Pearson 
correla-
tion

Fcalculated

Phenanthrene-d10 18 Y = 1.2604 X − 
0.0444

0.9957 0.41

19 Y = 1.0262 X − 
0.1893

0.9895 1.16

20 Y = 0.3963 X− 
0.0480

0.9687 0.20

21 Y = 0.8974 X − 
0.0839

0.9960 1.09

22 Y = 0.3513 X − 
0.0650

0.9906 1.80

23 Y = 0.1882 X − 
0.0129

0.9843 2.36

24 Y = 0.1482 X − 
0.0220

0.9904 0.44

25 Y = 0.0889 X − 
0.0062

0.9874 0.06

26 Y = 0.0575 X − 
0.0043

0.9836 0.09
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of ng g−1 and Eq. 3 shown directly relationship between the 
fiber coating and the concentration of analyte in the sample.

The effect of extraction temperature on the model is 
stronger, being almost three times greater than the effect of 
extraction time. This behavior of the temperature effect on 
the model may be overlapping with the extraction time effect 
and for this reason, the response surface shows a signal 
growth for a longer extraction time. Thus, to try to visualize 
an extraction condition in which the signal is more stable, a 
23 central rotational composite design with triplicate at the 
central point was performed. One of the advantages of using 
composite central design is its versatility of work. Since it 
consists of a complete 23 factorial design, 6 axial points and 
central points, it can be converted to a complete factorial 
design if the generated quadratic model is not satisfactory 
[31]. In the 23 central composite design with triplicate in 
the central point the factors extraction time, volume of 30% 
(w/v) sodium chloride solution and stirring speed were stud-
ied, as shown in Table 1.

To try to decrease the extraction time proposed by the 
previous design, the stirring speed factor was inserted, 
because until now it was set at 300 rpm and a higher stirring 
speed can help in the homogenization of the system tempera-
ture and consequent decrease of the time to reach the time of 
balance [18]. In addition, the volume of the sodium chloride 
solution was investigated again because at a higher stirring 
speed the sediment can stay exposed.

Although the previous model indicates that at 90 °C better 
signals are obtained, it was observed that at the edge of the 
extraction flask water was occurring condensation, an unde-
sirable phenomenon, since the water can drag impurities into 
the coating fiber. Thus, in the new experimental design, was 
setting the extraction temperature at 80 °C, which is not 
observed condensation of water in any region of the extrac-
tion flask.

Observing the date of experimental design (Table 3 in 
supplemental material), the experiment 14 showed the 
highest sum of areas for PAHs, using a lower extraction 
time, stirring speed at 400 rpm and a volume of 4.5 mL. 
The relative standard deviation obtained for this study was 

10%, below the limit of 35% [35]. The factors and their 
interactions did not present evidence of significance for 
the model using a confidence of 95%. It suggests that the 
conditions to be applied for extracting the PAHs in the 
sediment samples have the lowest levels applied to factors 
of experimental design. The factors and their interactions 
did not present evidence of significance for the model at 
95% of confidence (see Table 4 in supplemental material). 
It suggests that the conditions to be applied for extracting 
the PAHs in the sediment samples have the lowest levels 
applied to factors of experimental design.

Based on the model obtained, the response surfaces 
were constructed to evaluate the signal profile in the func-
tion of the factors studied. Observing the response surface 
shown in Fig. 2a, when the extraction time is set at the 
highest level (+1.69), the sum of the areas of PAH as a 
function of the stirring speed and volume of the saline 
solution is larger, indicated in Fig. 2a in the region of the 
grey color of the graph.

In the response surface generated when the stirring 
speed is 300 rpm, shown in Fig. 2b, it is observed that for 
a volume of 5 mL of NaCl solution, the extraction time 
has no variation for the analytical response, suggesting 
that this region has reached the chemical equilibrium of 
compounds with the fiber. Thus, the conditions chosen 
for extracting the PAHs in the sediment samples using the 
headspace were an extraction time of 53.2 min, extraction 
temperature of 80 °C, the volume of 5 mL saline solution, 

Fig. 1   Response surface shows the sum of PAHs areas as a function 
of temperature and extraction time

Fig. 2   Response surface obtained for 23 RCCD with triplicate at the 
central point. a When the time is set at its lowest level and b when the 
stirring speed is set at 300 rpm
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desorption time of 1 min, stirring at 300  rpm and 5 g 
sample.

After the optimization of these parameters, a univariate 
study was carried out to determine the sorption time of the 
compounds in the fiber as described in item 3.5. The results 
are shown in Fig. 3. It can be seen from the graph in Fig. 3 
that the ideal sorption time was 5 min because from this 
moment on there was no significant response gain, which 
indicates that the equilibrium of analytes between the fiber 
and the headspace in the flask was reached. Thus, this time 
was defined for the extraction of PAHs in the sediment sam-
ples. Once the studies of extraction conditions optimization 
to the PAHs by headspace were carried out, the tests were 
done to verify the accuracy and precision of the optimized 
method.

Validation of the Method

The accuracy and precision studies were performed as 
reported in item 2.5 and the results are presented in Table 3. 
Mean recovery values for the spiked samples varied from 
74 ± 16% (acenaphthylene) to 98 ± 5.0% (fluoranthene) and 
for spiked blanks the values varied from 84 ± 8.0% (retene) 
to 119 ± 6.0% (9-methylanthracene). The values of relative 
standard deviations are within the stipulated for the concen-
tration level of the compounds, between 3.0% (pyrene) to 
16% (acenaphthylene).

The surrogate standards presented excellent recovery val-
ues ranging from 78 ± 12% (phenanthrene-d10) to 87 ± 13% 
(naphthalene-d8) in spiked samples and 63 ± 15% (phenan-
threne-d10) to 81 ± 4% (naphthalene-d8) in spiked blanks. 
Figure 4a, b shows the chromatogram obtained for a spiked 
sample and spiked blank, respectively. Since the calibra-
tion was performed by matrix overlap and under the same 
analysis conditions of the samples. Good accuracy for the 
method is to be expected because any effect of the matrix 
on the chemical equilibrium of analytes between the sample 
and fiber will also be produced on the calibration. However, 
the relative standard deviation values obtained for the spiked 

samples and blanks show the good accuracy of the method 
and its robustness over different matrices of sediments.

The detection and quantification limits for PAHs were 
estimated based on the analytical curve. The LOD values 
varied from 0.13 to 0.46 ng g −1 dry weight and LOQ varied 
from 0.42 to 1.52 ng g −1 dry weight. Table 3 shows the 
detection and quantification limits of the method and the 
samples result from dams obtained for each compound.

In addition to the good values of accuracy and precision, 
the method may be used to perform a lot of analysis in less 
time. It shown to be a greener analytical practice because 
the method includes many principles of a greener chemistry 
[19, 29]. Among the principles, the method contemplates 
being automated, integration of processes, waste reduction, 
security for the analyst, eliminates toxic reagent and it is a 
multi-compound.

Samples Results

The concentration of PAHs in the dams sediment samples 
ranged from 0.55 ± 0.04 (naphthalene) to 17.4 ± 0.5 (pyr-
ene) ng g−1 dry weight, being the highest total concentration 
found in sample 1. This sample was collected in São Pedro 
dam, which is located in the urban area of the city, with rapid 
transit routes for large vehicles and dwelling. In Fig. 4c is 
presented the chromatogram obtained for the sediment sam-
ple from São Pedro dam in Juiz de Fora, Brazil.

However, samples 2 and 3 (João Penido and Chapéu 
D’Uvas) are located in regions further away from the urban 
center and shows low values of polycyclic aromatic hydro-
carbons. The origin of these compounds is diversified and 
can be introduced into the environment by both natural 
and anthropic processes. The most significant contribut-
ing source is the burning of fossil fuels and biomass, which 
result in the release of PAHs into the atmosphere [1, 3]. 
In general, the presence of lower molecular weight PAHs 
(2 and 3 aromatic rings) indicates contamination by petro-
leum and its derivatives. On the other hand, contamination 
of pyrolytic origin is characterized by the predominance of 
higher molecular weight PAHs [36–38].

The samples of surface sediments collected showing a 
contribution of PAHs by pyrolytic sources and anthropic 
sources. This was already expected, since the region of Juiz 
de Fora is characterized by the occurrence of many forest 
fires, mainly from May to September with colder period and 
with lower precipitations [39], which may be inserted by 
atmospheric deposition near the place of origin and by aque-
ous transport or via fine atmospheric particulate material. 
Moreover, the city is located in a region of Brazil that is con-
sidered an important route of land transportation, presenting 
in its surroundings important federal and state highways.

Fig. 3   Sum of the areas obtained to PAHs for the study of the sorp-
tion time of the compounds in the fiber
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The introduction of PAHs through the combustion of 
fossil fuels is observed for the samples collected since that 
the naphthalene was quantified in all them. Juiz de Fora 
has a large vehicular fleet, and consequently, intense traf-
fic of vehicles that contribute to this type of introduction. 
The levels of PAH concentrations found in the dam sedi-
ments at Juiz de Fora were similar to or lower than those 
found by Nagy and collaborators when determining PAHs 
in sediment samples from the Danube River in Hungary 
(8.3 a 1202.5 ng g−1) [40]. Nevertheless, we must con-
sider the differences between PAHs used by each author 
to obtain the sum of PAHs and the differences between 
aquatic ecosystems.

Conclusions

The determination of polycyclic aromatic hydrocarbons in 
sediments was optimized using HS-SPME-GC/MS. The 
extraction consisted of using an extraction time of 53.2 min, 
extraction temperature of 80 °C, 5 mL of saline solution, 
desorption time of 1 min, sorption time of 5 min, stirring at 
300 rpm and 5 g of sample.

The method was validated and exhibit good recovery 
values, accuracy, and precision. Moreover, the method 
does not use organic solvents, which reduced analyses 
time when compared to several other methodologies that 
were employed for similar purposes. It contributes to the 
generation of less toxic residues, a safer process for the 

Table 3   Mean of recovery to the samples and blanks spikes, LOD, LOQ values and samples results obtained for each compound

1: naphthalene, 2: 2-methylnaphthalene, 3: 1-methylnaphthalene, 4: biphenyl, 5: 2-ethylnaphthalene, 6: 1-ethylnaphthalene, 7: 2,6-ethylnaphtha-
lene and 2,7-ethylnaphthalene, 8: 1,7-dimethylnaphthalene and 1,3-dimethylnaphthalene, 9: 1,6-dimethylnaphthalene, 10: 2,3-dimethylnaphtha-
lene and 1,4-dimethylnaphthalene, 11: 1,5 dimethylnaphthalene, 12: acenaphthylene, 13: 1,2-dimethylnaphthalene, 14: 1,8-dimethylnaphthalene, 
15: acenaphthene, 16: fluorene, 17: dibenzothiophene, 18: phenanthrene, 19: anthracene, 20: 1-methylanthracene, 21: methylphenanthrene, 22: 
9-methylanthracene, 23: fluoranthene, 24: pyrene, 25: 2-methylfluoranthene, 26: retene. LOD: limit of detection; LOQ: limit of quantification; 
nd: not detected; < LOQ: values between LOD and LOQ

PAHs Spiked blank (%) Spiked sample (%) LOD (ng g−1) LOQ (ng g−1) Samples (ng g−1)

Mean recovery DPR Mean 
recovery

DPR 1 2 3

1 107 5.0 97 5.0 0.13 0.42 1.6 ± 0.1 1.5 ± 0.1 0.55 ± 0.04
2 103 6.0 95 4.0 0.14 0.46 < LOQ < LOQ nd
3 101 6.0 95 5.0 0.14 0.48 < LOQ < LOQ nd
4 99 7.0 93 5.0 0.19 0.62 1.1 ± 0.1 < LOQ nd
5 98 7.0 93 5.0 0.18 0.59 < LOQ nd nd
6 100 6.0 96 5.0 0.15 0.50 < LOQ < LOQ nd
7 99 7.0 96 5.0 0.17 0.55 nd nd nd
8 99 6.0 93 5.0 0.16 0.54 nd < LOQ nd
9 97 7.0 94 5.0 0.13 0.43 < LOQ < LOQ nd
10 99 7.0 92 5.0 0.18 0.60 < LOQ < LOQ nd
11 98 7.0 97 5.0 0.15 0.50 nd < LOQ nd
12 93 8.0 74 16 0.44 1.45 nd < LOQ <LOQ
13 96 7.0 91 5.0 0.19 0.63 nd < LOQ nd
14 95 8.0 88 5.0 0.20 0.68 nd nd nd
15 114 4.0 92 5.0 0.13 0.43 nd nd nd
16 111 7.0 85 5.0 0.18 0.61 < LOQ 0.79 ± 0.03 <LOQ
17 104 9.0 88 7.0 0.25 0.83 < LOQ < LOD nd
18 105 3.0 98 5.0 0.17 0.57 nd 4.3 ± 0.6 nd
19 112 5.0 85 5.0 0.26 0.88 < LOQ nd nd
20 118 11 93 9.0 0.46 1.52 nd nd nd
21 106 3.0 94 7.0 0.14 0.47 < LOQ nd nd
22 119 6.0 80 7.0 0.20 0.68 nd nd nd
23 95 14 94 13 0.33 1.10 nd nd nd
24 94 7.0 91 3.0 0.18 0.60 17.4 ± 0.5 nd 0.61 ± 0.05
25 106 9.0 81 8.0 0.28 0.94 nd nd nd
26 84 8.0 84 10 0.34 1.15 nd nd nd
Σ PAHs Total 20.1 ± 0.7 6.6 ± 0.7 1.2 ± 0.1
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analyst and a lower cost in terms of energy. Furthermore, 
the method is a good practice to a greener analytical 
chemistry.
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