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Abstract A Quick, Easy, Cheap, Effective, Rugged and

Safe (QuEChERS) method has been adapted and validated

for the simultaneous analysis of 16 PAHs, 12 PCBs and 9

OCPs in sediment. The sample preparation was adapted by

modifying the nature of the extraction solvent, the extrac-

tion technique and the amount of sediment. The analytical

performances were evaluated in terms of accuracy, lin-

earity and quantification limits. The method was validated

by the analysis of a reference marine sediment material

(SRM 1941b). The obtained concentrations are in good

agreement with the certified values with recoveries ranging

60 %–103 % for most of PAHs. Acceptable recoveries are

obtained for PCBs, ranging 76 %–131 %, and for OCPs

ranging 81 %–137 %. The method was applied to the

analysis of sediments from the hydro-system Bizerte

Lagoon/Ichkeul Lake (Tunisia). The Bizerte lagoon is

mainly contaminated by PAHs whereas the Ichkeul lake is

mainly by OCPs.

Keywords Extraction � Purification � Certified reference

material SRM 1941b � Coastal sediment � Bizerte Lagoon �
Ichkeul Lake

Sediments are a known repository for many persistent organic

contaminants such as poly-aromatic hydrocarbons (PAHs),

polychlorinated biphenyls (PCBs) and organochlorine pesti-

cides (OCPs). The determination of organic contaminants in

sediment samples is very complex including an extraction and

a purification steps before analysis. Proper sample preparation

procedures are required to achieve optimum analytical results

and to provide rapid, robust and sensitive analytical proce-

dures. The main critical step in the analytical procedure for

sediment analysis is the extraction which needs suitable sol-

vent and extraction technique to obtain acceptable recoveries

for the compounds of interest. Many extraction techniques

used for the analysis of organic compounds have been

developed. Traditionally, the standard technique was the

Soxhlet extraction with non-polar solvents (de Boer and Law

2003). Soxhlet extraction present several drawbacks such as

long extraction time and large volume of solvent, so alter-

native extraction techniques were developed like microwave-

assisted extraction (Bartolomé et al. 2005;Moreno et al. 2006;

Carvalho et al. 2008; Cueva-Mestanza et al. 2008; Itoh et al.

2008) and ultrasonic-assisted extraction (Vagi et al. 2007;

Errekatxo et al. 2008). Moreover, the extraction step is gen-

erally followed by a clean-up step to remove any interfering

substances, which involves a time consuming step commonly

performed by solid phase extraction (SPE). All these methods

have been used extensively for the analysis of several envi-

ronmentalmatrices such as soils, sediments, biological tissues

but they are not always easy to use and suitable for routine

applications. Recently, novel approaches, combining the

extraction and the purification steps, were developed called
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7021 Zarzouna, Bizerte, Tunisia

2 Equipe Environnement et Microbiologie – IPREM UMR
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selective pressurized liquid extraction (Subedi et al. 2015)

and QuEChERS methods (Anastassiades et al. 2003; Pinto

et al. 2011). QuEChERS methods involve an extraction step

with acetonitrile partitioned from the aqueous matrix using

anhydrous MgSO4 and NaCl followed by a dispersive-SPE

cleanup step with MgSO4 and primary secondary amine

(PSA). The sample handling requirements of such methods

are friendlier and the time required to accomplish an extrac-

tion/clean up is significantly shorter. It provides effective

recoveries with simple analytical steps, low solvent con-

sumption and could be applied to any kind of solid matrices

(mineral or organic) and appropriate to very volatile com-

pounds (Rouvière et al. 2012). Mainly applied for pesticides

in food matrices (Lehotay et al. 2010; Cieslik et al. 2011; Lee

et al. 2011; Wilkowska and Biziuk 2011; Wang et al. 2012),

the application of QuEChERS methods to other organic

pollutants is still limited. A QuEChERS method was suc-

cessfully applied for determining PAHs (Ramalhosa et al.

2009) and PCBs (Norli et al. 2011) in fish, pharmaceuticals

and hormones in sewage sludge (Peysson and Vulliet 2013)

and soil (Bragança et al. 2012). A QuEChERS method was

also validated for trihalomethanes (chloroform, bro-

modichloromethane, dibromochloromethane and bromo-

form) and BTEX (benzene, toluene, ethylbenzene and

xylenes) in soil samples (Anastassiades et al. 2003). Recently,

a QuEChERSmethodwas applied to the determination of 136

pharmaceutical compounds and hormones in sewage sludge

(Peysson and Vulliet 2013).

The objective of the present study was the adaptation

and the validation of a QuEChERS method for the simul-

taneous analysis of PAHs, PCBs and OCPs in sediment

samples by GC–MS, in order to provide a routine method

for the evaluation of the environmental quality of aquatic

ecosystems. Two different techniques for the agitation

during extraction were tested, different solvents or solvent

mixtures were tested and the influence of the initial weight

was investigated.

Materials and Methods

PCB standard solutions, either as compound mix solution,

containing PCB 18, 28, 31, 44, 52, 101, 138, 118, 153, 149,

180, 194 and single compound solution of PCB 209 used as

surrogate spiking standard were purchased from Sigma

Aldrich (Saint Quentin Fallavier, France). The 16 priority

PAHs classified as priority pollutants by the United States

Environmental Protection Agency (USEPA) due to their

toxic, mutagenic and carcinogenic characteristics (Kayal and

Connell 1995) (Naphthalene, Acenaphthylene, Acenaph-

thene, Fluorene, Phenanthrene, Anthracene, Fluoranthene,

Pyrene, Benzo[a]anthracene, Chrysene, Benzo[b]fluoran-

thene, Benzo[k]fluoranthene, Benzo[a]pyrene, Indeno[1,2,3-

cd]pyrene, Dibenzo[a,h]anthracene, Benzo[ghi]perylene), as

well as 2 deuterated surrogate spiking standards phenan-

threne-d10 and perylene-d12 were supplied as pure reference

materials (purity: 99.5 %) also from Sigma Aldrich. OCPs

standard solutions of HCB, o,p0-DDE, p,p0-DDE, p,p0-DDD,
p,p0-DDT, a and b chlordane, cis and trans nonachlor and an

surrogate spiking standard atrazine-d5 were purchased from

Sigma Aldrich. All standard stock solutions were prepared in

acetonitrile and stored at -20�C.
Organic solvents (hexane, acetone, acetonitrile and

dichloromethane) were of analytical grade and were sup-

plied by Sigma Aldrich. The QuEChERS extraction tubes

were obtained from Agilent Technologies (Massy, France)

and contained the citrate buffer salt mixture (4 g of

MgSO4, 1 g of NaCl, 0.5 g disodium citrate sesquihydrate

and 1 g of trisodium citrate dehydrate). Dispersive SPE

tubes (containing 900 mg of MgSO4 and 150 mg of pri-

mary secondary amine (PSA) exchange were obtained from

Agilent Technologies (Massy, France).

SRM 1941b was obtained from the National Institute of

Standards & Technology (Gaithersburg, MD, USA). Real

sediment samples used for the application were collected

from the lagoon of Bizerte and the Ichkeul Lake (Tunisia).

The surface sediments were sampled using a Van Veen

grab sampler, placed in glass bottles and kept frozen at

-20�C. Samples were then freeze dried in a ZirBus Vaco2

lyophiliser, homogenized using an agathe mortar and

stored at 4�C before analysis.

The QuEChERS method previously validated by Yang

et al. (2010) for the analysis of pesticides in soil was

adapted and validated for the simultaneous analysis of

PAHs, PCBs and OCPs. An aliquot of 5 g of sediment was

weighed into a polypropylene tube (50 mL capacity).

Then, 4 mL of ultrapure water was added, the tube was

manually shaken and surrogate spiking standards

(phenanthrene d10, perylene d12, PCB 209, Atrazine d5)

were introduced at a concentration of 50 ppb each. Twenty

(20) mL of extraction solvent (hexane/acetone, dichlor-

omethane/acetone) were then added and the tube was

shaken vigorously by hand for 1 min. Afterwards, the

citrate buffer salt mixture was added and the tube was

shaken vigorously either manually (5 min) or by ultrasonic

agitation (15 min). Finally, the tube was centrifuged for

3 min at 2500 rpm and 10 mL of the supernatant were

transferred into another polypropylene tube (15 mL

capacity) already containing 900 mg of MgSO4 and

150 mg PSA. The tube was shaken vigorously by hand for

30 s and centrifuged for 3 min at 2500 rpm. The extracts

were then dried under a gentle argon stream using a Tur-

bovap LV Evaporator system (Zymark, Hopkinton, MA,

USA). The dried residue was re-dissolved with 1 mL

acetonitrile and kept at -20�C until analysis. The basic

QuEChERS extraction conditions using acetonitrile was
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compared with modified procedures using two mixtures of

solvents: hexane/acetone (HA) (50:50 v:v) and dichlor-

omethane/acetone (DA) (50:50 v:v) for the determination

of the most efficient extraction solvent. Extraction tech-

niques were adapted with comparison of manual or ultra-

sonic agitation and two amount of sediment used for

extraction were tested (Table 1). Three replicates were

considered for each experiment with two injections and

procedural blanks were performed each day of analysis. An

internal standard correction was used for the quantification

of the analytes.

The analyses were performed by using a gas chro-

matograph (Agilent 7890A) coupled to a mass spectrom-

eter with an electron impact ionization source (EI) Agilent

5975C. The GC–MS system was equipped with an Agilent

DB5-MS UI column. The carrier gas was helium of high

purity (99.9995 % from Air Liquide), it was used as carrier

gas at 1 mL min-1 flow rate. The ion source temperature

and the quadrupole temperature were kept at 230 and

150�C, respectively. A sample volume of 1 lL of the

concentrated extract was injected in pulsed splitless mode

at an inlet temperature of 280�C. The column temperature

was programmed as follows: the initial oven temperature

was set at 80�C for 1 min, increased to 160�C at 10�C/min

(hold 5 min), then ramped at 3�C/min to 300� (hold 2 min).

The MS interface temperature was maintained at 300�C.
Quantification was carried out in the selected ion moni-

toring mode (SIM) selecting two characteristics fragments

ions for each compounds For qualitative analysis during

the method development, the full scan mode was used by

monitoring the mass range from 39 to 498. Retention time

and target monitoring m/z of the different compounds

analyzed by GCMS are summarized in Table 1 Supple-

mentary material.

Results and Discussion

The results obtained with the different tested extraction

methods for the certified SRM 1941b are presented in

Fig. 1. For all results recoveries were the criterion for the

testing of the method efficiency. The results show that

acetonitrile was the best solvent for PAHs extraction and

the mixture DA was better than the HA mixture (Fig. 1a,

Table 2). The best extraction efficiencies for most of PCBs

were obtained with the DA and HA solvent mixtures

(Fig. 1b, Table 2) whereas lower recoveries were obtained

using acetonitrile. Thus, the DA mixture was found to be

the best solvent for the simultaneous extraction of PAHs

and PCBs. Pesticides were not analyzed during these

experiments but previous studies showed that dichlor-

omethane was the best solvent for the simultaneous

extraction of PAHs, PCBs and pesticides (Thompson et al.

2002) as well as for OCPs in soil (Norli et al. 2011). The

mixture DA was thus chosen for the simultaneous extrac-

tion of PAHs, PCBs and OCPs.

The comparison of the techniques used for extraction

showed that the ultrasonic agitation improved extraction

efficiencies compared to manual agitation for PAHs and

PCBs (Fig. 1a, b, Table 2). These results are consistent

with previous works that showed highest recoveries when

sediment samples were extracted by ultrasonication (Pinto

et al. 2011). It was also shown that the time of ultrasoni-

cation had no effect on the extraction efficiency (Anas-

tassiades et al. 2003), thus 15 min of ultrasonication was

applied in this study.

Regarding the mass of sample used for the analysis,

when increasing the amount of sediment from 2 to 5 g for

the extraction (experiments 4 and 5) no significant differ-

ence was observed for both PAHs and PCBs (Fig. 1a, b,

Table 2). Therefore, a mass of 5 g of sediment was used to

avoid problems with the limits of detection when working

with real samples.

Analytical performances of the adapted method were

evaluated in terms of linearity (R2), detection and quan-

tification limits (LOD, LOQ), recovery (R %) and

repeatability (RSD %). Results are presented in Table 2 of

the supplementary material. The linearity was evaluated

using standard solutions in the range of 0–1000 ng g-1.

Good correlation coefficients (R2[ 0.95) were obtained

for all compounds, demonstrating that the method is linear

over the range assayed. The limits of detection (LOD) and

quantification (LOQ) were determined by considering 3

and 10 times respectively the standard deviation deter-

mined by analyzing 10 blank samples. The LOQ values

range between 0.02 and 9.64 ng g-1, 0.02 and 1.15 ng g-1

Table 1 Overview of the different tested conditions performed for the adaptation of the QuEChERS procedure (solvent mixtures, extraction

technique, amount of sediment), Exp = Experiment

Experiment name Extraction solvent (V/V) Volume of extraction solvent (mL) Extraction technique Amount of sediment (g)

Exp1 Acetonitrile 20 Manual agitation 2

Exp2 1:1 hexane:acetone 20 Manual agitation 2

Exp3 1:1 dichloromethane:acetone 20 Manual agitation 2

Exp4 1:1 dichloromethane:acetone 20 Ultrasonic agitation 2

Exp5 1:1 dichloromethane:acetone 20 Ultrasonic agitation 5
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and 0.01 and 1.27 ng g-1 for PAHs, PCBs and OCPs,

respectively. These low LOQs allow application of the

QuEChERS method followed by GC–MS to monitor

simultaneously these compounds in environmental

studies.

The accuracy of the adapted method was evaluated by

determining the recoveries obtained for the SRM 1941b.

The obtained data with the adapted method showed

acceptable recoveries for the heaviest PAHs ranging from

60 % to 103 % for respectively Phenanthrene and Ben-

zo[ghi]perylene with values of relative standard deviation

lower than 10 %. For the lighter PAHs, the recoveries

ranged from 23 % to 75 % for respectively Fluorene and

Acenaphthylene with higher RSD % (9 %–19 %). As

expected, the values for PAHs were higher according to the

molecular weight. Lower recoveries and lower repeatabil-

ity for lighter molecular weight can be attributed to loss,

mainly by evaporation during the sample preparation. For

PCBs recoveries ranging from 76 % to 131 % for respec-

tively PCB28 and PCB180 and from 81 % to 137 % for

respectively Hexachlorobenzene and b chlordane for pes-

ticides with RSD % lower than 15 % for both compounds

families were obtained.

Our results are almost in the same range of recoveries

than those obtained in previous studies for heavy PAHs

(Concha-Grana et al. 2010; Thompson et al. 2002), but

better and more reproducible than those obtained for PCBs

(53 %–149 %) and pesticides (71 %–420 %) using a

microwave extraction and dichloromethane as solvent

extraction with the same SRM 1941b (Wang et al. 2012).

Moreover, it is more efficient than the method used by

Brondi et al. (2011) for pesticides (48 %–115 %) using a

QuEChERS method with MeCN as extraction solvent and

without ultrasonic agitation. The results provided show that

there are certain limits concerning lower molecular weight

PAHs.

Fig. 1 Comparison of concentrations obtained with the different

tested experiments for the SRM 1941b for PAHs (a) and PCBs

(b) NAPH Naphthalene, ACEN Acenaphthylene, ACE Acenaphthene,

FLUO Fluorene, PHEN Phenanthrene, ANT Anthracene, FLU

Fluoranthene, PYR Pyrene, B(a)A Benzo[a]anthracene, CHRY Chry-

sene, B(b)F Benzo[b]fluoranthene, B(k)F Benzo[k]fluoranthene,

B(a)P Benzo[a]pyrene, I(cd)P Indeno[1,2,3-cd]pyrene, D(ah)A

Dibenzo[a,h]anthracene, B(ghi)P Benzo[ghi]perylene
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The adapted method was applied to the analysis of real

sediments samples from the hydro-system complex of the

Bizerte Lagoon/Ichkeul Lake (Tunisia) constituting 2 dif-

ferent ecosystems. The recoveries of spiked surrogate

spiking standards The results (Table 3) showed that Bizerte

Lagoon sediments contained high PAHs levels with con-

centrations ranging from 121 to 3169 ng g-1 for respec-

tively Acenaphthylene -Indeno[1,2,3-cd]pyrene whereas

the Ichkeul Lake sediments exhibited a low PAHs con-

centration levels (from 3 to 202 ng g-1 for respectively

Table 2 Concentrations of the target PAHs, PCBs and OCPs in the certified SRM 1941b obtained with the different experiments (see Table 1)

and comparison with the certified values SRM 1941b [concentration ng g-1 ± SD standard deviation (n = 3)], – not determined

Compounds SRM 1941b Exp1 Exp2 Exp3 Exp4 Exp5

PAHs

Naphthalene 848 ± 95 824.0 ± 38.9 398.5 ± 26.5 161.5 ± 152.0 310.8 ± 7.7 335.6 ± 64.5

Acenaphthylene 53.3 ± 6.4 50.9 ± 2.7 52.9 ± 2.9 53.7 ± 5.6 47.8 ± 3.4 40.1 ± 3.5

Acenaphthene 38.4 ± 5.2 24.0 ± 2.4 12.0 ± 4.3 5.8 ± 0.9 12.7 ± 2.8 11.2 ± 1.7

Fluorene 85 ± 15 52.1 ± 6.6 29.4 ± 11.3 18.4 ± 0.2 27.5 ± 3.4 19.5 ± 2.4

Phenanthrene 406 ± 44 287.1 ± 21.8 182.5 ± 84.1 174.0 ± 23.3 243.6 ± 13.1 243.7 ± 11.8

Anthracene 184 ± 18 151.3 ± 8.4 78.6 ± 1.3 75.9 ± 7.1 141.9 ± 3.3 114.2 ± 6.2

Fluoranthene 651 ± 50 541.8 ± 6.6 482.0 ± 20.3 482.0 ± 38.1 602.5 ± 88.0 580.0 ± 20.1

Pyrene 581 ± 39 532.4 ± 36.1 414.1 ± 17.2 414.4 ± 28.7 517.8 ± 81.7 473.3 ± 13.1

Benzo[a]anthracene 335 ± 25 332.1 ± 62.3 194.3 ± 13.7 374.7 ± 14.1 332.3 ± 68.7 337.2 ± 32.3

Chrysene 291 ± 31 325.2 ± 35.1 215.4 ± 0.2 273.5 ± 14.9 280.8 ± 34.1 239.3 ± 13.5

Benzo[b]fluoranthene 453 ± 21 417.0 ± 43.9 347.5 ± 24.2 467.6 ± 21.9 394.6 ± 61.2 410.6 ± 28.1

Benzo[k]fluoranthene 225 ± 18 191.4 ± 14.0 179.3 ± 20.6 224.2 ± 24.3 201.1 ± 38.2 221.6 ± 9.8

Benzo[a]pyrene 358 ± 17 219.9 ± 31.7 191.8 ± 0.6 201.2 ± 42.3 204.5 ± 38.0 244.6 ± 9.3

Indeno[1,2,3-cd]pyrene 341 ± 57 255.6 ± 28.7 154.9 ± 5.4 156.5 ± 22.8 258.4 ± 21.7 222.7 ± 15.5

Dibenzo[a,h]anthracene 53 ± 10 65.6 ± 5.4 75.1 ± 6.5 65.2 ± 10.8 66.3 ± 7.2 53.5 ± 2.5

Benzo[ghi]perylene 307 ± 45 256.0 ± 60.0 191.6 ± 17.0 203.1 ± 30.4 312.8 ± 20.2 315.6 ± 17.2

PCBs

PCB 18 2.39 ± 0.29 0.86 ± 0.15 1.42 ± 0.16 1.04 ± 0.14 1.61 ± 0.10 2.01 ± 0.21

PCB 28 4.52 ± 0.57 1.32 ± 0.04 3.04 ± 0.86 2.83 ± 0.66 2.64 ± 0.35 3.45 ± 0.22

PCB 31 3.18 ± 0.41 1.44 ± 0.15 2.03 ± 0.26 2.22 ± 0.15 2.77 ± 0.46 3.27 ± 0.30

PCB 44 3.85 ± 0.2 1.73 ± 0.24 2.99 ± 0.54 3.33 ± 0.51 3.34 ± 0.09 3.80 ± 0.35

PCB 52 5.25 ± 0.28 2.11 ± 0.25 2.87 ± 0.49 3.79 ± 1.06 4.12 ± 0.28 4.54 ± 0.29

PCB 101 5.11 ± 0.34 2.34 ± 0.19 3.29 ± 0.48 3.52 ± 0.29 4.16 ± 0.20 4.25 ± 0.38

PCB 118 4.23 ± 0.19 3.08 ± 0.25 4.74 ± 0.72 5.01 ± 0.49 5.47 ± 0.22 3.91 ± 0.36

PCB 138 3.6 ± 0.28 2.64 ± 0.23 3.45 ± 0.10 4.16 ± 0.11 5.07 ± 0.14 4.17 ± 0.42

PCB 149 4.35 ± 0.26 1.94 ± 0.18 3.42 ± 0.49 3.35 ± 0.25 3.98 ± 0.07 4.57 ± 0.70

PCB 153 5.47 ± 0.32 3.28 ± 0.10 5.17 ± 0.87 5.3 ± 0.2 6.32 ± 0.14 4.90 ± 0.72

PCB 180 3.24 ± 0.51 2.33 ± 0.29 3.75 ± 0.66 3.54 ± 0.36 3.87 ± 0.15 4.23 ± 0.46

Pesticides

Hexachlorobenzene 5.83 ± 0.38 – – – – 4.72 ± 0.31

o,p0-DDE 0.38 ± 0.12 – – – – 0.70 ± 0.13

p,p0-DDE 3.22 ± 0.28 – – – – 3.18 ± 0.37

p,p0-DDD 4.66 ± 0.46 – – – – 3.94 ± 0.43

p,p0-DDT 1.12 ± 0.42 – – – – 1.44 ± 0.04

a chlordane 0.85 ± 0.11 – – – – 0.73 ± 0.07

b chlordane 0.5 ± 0.09 – – – – 0.69 ± 0.08

cis-Nonachlor 0.38 ± 0.05 – – – – 0.41 ± 0.04

trans-Nonachlor 0.44 ± 0.07 – – – – 0.45 ± 0.05

SRM 1941b is a reference material with certified value of contaminants
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Acenaphthylene and Indeno[1,2,3-cd]pyrene). Concentra-

tions of PAHs from Bizerte Lagoon were similar to those

observed previously in sediment from the same ecosystem

(Ben Said et al. 2010; Mzoughi et al. 2005). The sediments

from Ichkeul Lake exhibited higher concentrations of

pesticides than those from the Bizerte Lagoon. For both

ecosystems no contamination by PCBs was observed with

concentrations ranging from 0.15 to 1.88 ng g-1 for

respectively PCB 149 and PCB 194. These results con-

firmed our assumption on the sources of contamination

since the area of Bizerte Lagoon is subject to contamina-

tion by two industrial zones while the Ichkeul Lake is

surrounded by a vast agricultural area. Further analysis of

sediments using this rapid and efficient validated method

would help to determine precisely the dispersion and the

reactivity of these contaminants in the Bizerte area.

The simultaneous extraction of PAHs, PCBs and OCPs

in sediment was successfully validated using a QuEChERS

method combining a DA extraction with ultrasonic agita-

tion. This method was found to be accurate and repro-

ducible for the analytes of interest and sufficiently sensitive

for the analysis of real sediment samples in the ng g-1

range. The simplicity, the rapidity and the low cost of the

QuEChERS extraction are advantages for using this

method in environmental studies as demonstrated by the

analysis of PAHs, PCBs and OCPs contents in sediments in

two distinct ecosystems.
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