
Introduction
Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/Fs) are persistent organic pollutants (POPS) regulated by the Stockholm

Convention. Being hydrophobic and lipophilic, these compounds accumulate in the marine environment, mainly in sediments and lipid tissues of marine

organisms. Due to persistence, high toxicity, bioaccumulation potential and long-range transport capacity, the spatial and temporal monitoring of these

compounds in the aquatic environment is important to assess the risk to the ecosystem and human health. The concentrations found in the environment are

usually very low (ppb or ppt); for this reason the analytical procedures are complex for the co-extraction of a large variety of interfering compounds. One of the

internationally recognized methods is that proposed by the U.S. Environmental Protection Agency (US EPA 1613 B). This method involves a Soxhlet extraction

procedure, column clean-up (SPE) and high resolution GC-MS analysis. This method is time-consuming and is not suitable for analyzing a large number of

samples required for environmental investigations. therefore the trend in recent years has been to develop and use faster and more environmentally friendly

methods of analysis to reduce the use of solvents, minimize energy consumption and the production of analytical waste. QUEChERS extraction (Quick, Easy,

Cheap, Effective, Rugged, Safe) is a fast and effective multi-residue extraction method originally developed for the extraction of pesticides in food matrices in

2003 by Anastassiades. In this work QUEChERS extraction has been applied to the analysis of PCDD/Fs in marine sediments.

.

Materials and Methods

The QuEChERS method developed for sediment samples uses solid-liquid

extraction with acetonitrile. In particular, the method involves the extraction

of the sample (0.5 - 5 g d.w.) with 20 ml of acetonitrile in an ultrasonic bath.

After adding 15 ml of Milli Q water, 6.5 g of magnesium sulfate and 1.5 g of

sodium acetate to the organic phase, the sample was centrifuged at 4000 rpm

for 10 min. The organic phase was then extracted with n-hexane. The hexane

extract was subjected to clean-up on an SPE column packed with activated

carbon / silica. Interference was eliminated by eluting the column with a

dichloromethane / hexane mixture. Finally, the dioxins and furans were

eluted with toluene. The toluene extract was evaporated to dryness, diluted

with nonane and analyzed by triple quadrupole GC-MS using the MRM

(Multiple Reaction Monitoring) method.

Conclusions
The applicability of the QuEChERS extraction method combined with the tandem GC-MS

analysis for the determination of PCDD/Fs in contaminated marine sediments has been

demonstrated. Satisfactory validation parameters were obtained including linearity of the

method, LOD and LOQ, reproducibility demonstrating the applicability of the procedure to real

matrices. This simple and sensitive methodology provides a new tool for monitoring toxic

chlorinated compounds in environmental matrices.
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Aim of the work
The aim of the present work was to develop a QuEChERS

extraction method for the determination of PCDD/Fs in marine

sediment samples coupled to triple quadrupole tandem GC-MS

that can provide sufficiently sensitive analyzes also for

environmental screening purposes.

Results
The performance of the QuEChERS method was evaluated

by calculating the recoveries for the various analytes, the

reproducibility and the detection limits for the various

congeners. The recovery tests were performed by analyzing

an uncontaminated sediment in triplicate to which the

labeled standards were added. Under experimental

conditions, recoveries are comparable to those

recommended by the EPA 1613 B method: repeatability

was 20% or less. The limits of detection and quantification

(LOD and LOQ) were in the order of pg/g d.w. The method

was then applied to the determination of dibenzo-p-

dioxins and chlorinated dibenzofurans in sediment

samples taken from contaminated sites. The evaluation of

the distribution of the various congeners (Fingerprint) also

allowed us to conclude that the origin of the

contamination in the samples examined derives mainly

from combustion processes in the industrial field.

Extraction scheme of the QuEChERS method
Quick, Easy, Cheap, Effective, Rugged and Safe GC-MS/MS analysis

GC-MS / MS of determining the accurate mass), the

twochromatograms were acquired in Multiple Reaction

Monitoring (MRM) mode, monitoring two specific

transitions for each precursor ion. The monitored ions

(Qualifier and Quantifier) correspond to the isotopologs

containing the different isotopes of chlorine (37Cl and 35Cl).

The most abundant is used as the Quantifier ion. Working

in low resolution (impossibility transitions are necessary

to define, in an unambiguous way, the analyzed congener

(for the unambiguous definition of the congener the

isotope ratio must be respected).

Average values of recoveries (%) for different

PCDD/Fs congeners, compared with acceptability

limits of the EPA method 1613 B.

Limits of detection and quantification calculated

by linear regression analysis from the slope of the

calibration line and the standard deviation of the

intercept (b and sa).

Chromatogram and

retention times of the

studied congeners in a

calibration standard

solution.

Fingerprint: Profiles of PCDD/F congeners in the most

contaminated sediments (G and H). The profile is dominated by

the abundance of the congener OCDD. Sources of origin of

these compounds are combustion processes.

Octachlor dibenzodioxin

Congeners LODs (pg/ml) LOQs (pg/ml)

2,3,7,8-TCDF 5.9 19.7 

2,3,7,8-TCDD 14.9 49.7 

1,2,3,7,8-PCDF 21.5 71.7 

2,3,4,7,8-PCDF 32.8 109.3 

1,2,3,7,8-PCDD 38.4 128.1 

1,2,3,4,7,8-HxCDF 27.8 92.6 

1,2,3,6,7,8-HxCDF 21.5 71.5 

2,3,4,6,7,8-HxCDF 18.1 60.3 

1,2,3,4,7,8-HxCDD 51.3 170.8 

1,2,3,6,7,8-HxCDD 28.6 95.5 

1,2,3,7,8,9-HxCDD 21.3 70.9 

1,2,3,7,8,9-HxCDF 31.9 106.3 

1,2,3,4,6,7,8-HpCDF 7.6 25.4 

1,2,3,4,6,7,8-HpCDD 38.1 127.0 

1,2,3,4,7,8,9-HpCDF 9.71 32.4 

OCDD 32.8 109.3 

OCDF 42.4 141.3 
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