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Abstract

Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) and dioxin-like polychlorinated biphenyls (DL-PCBs) in fish
samples have been investigated in many previous studies. However, the available data regarding this issue in low- and middle-
income countries are very scarce, and no study has been performed in Algeria yet. Therefore, this work aimed to determine the
levels of PCDD/Fs and DL-PCBs in swordfish (Xiphias gladius) caught in three regions of the Algerian coasts, and the health risk
associated with these contaminants was assessed. The PCDD/Fs and DL-PCBs were analyzed in 37 fish samples from Algiers,
Bejaia, and Oran using the DR-CALUX bioassay method. The overall mean (and standard deviation) of PCDD/Fs and DL-PCBs
concentrations in swordfish from Algiers, Bejaia, and Oran were 0.19 (0.13), 0.27 (0.24), and 0.08 (0.05) pg TEQ g ' wet weight
(ww), respectively, which were lower than the national and European regulatory limits. Daily and weekly intake values of
PCDD/F and DL-PCB were higher for the samples from Bejaia (0.45 and 3.15 pg TEQ kg ' body weight (bw) per day and
week, respectively) and for the samples from Algiers (0.31 and 2.17 pg TEQ kg ' bw per day and week, respectively), which
were higher than the tolerable weekly intake of 2 pg TEQ kg_1 bw per week recently established by the European Food Safety

Authority. Overall, our findings indicate that swordfish consumption poses a risk to the Algerian consumer.
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Introduction

Fish is an integral part of a balanced diet with a high nutrition-
al value, which production and consumption has increased in
recent years (JECFA 2010; FAO 2020). It is rich in proteins of
high biological value; vitamins A and D; essential minerals
such as selenium, phosphorus, zinc, and iodine; and especially
containing of polyunsaturated fatty acids such as omega 3
which have many beneficial health effects, e.g., anti-inflam-
matory, antioxidant, anticancer, neuroprotective, and antiar-
rhythmic effects (JECFA 2010; Li et al. 2020). Most
European Food-Based Dietary Guidelines recommend a min-
imum of two servings of fish per week (EFSA 2014).
However, fish can also be contaminated by various environ-
mental pollutants (i.e., persistent organic pollutants (POPs))
which can increase the risk of different diseases (Li et al.
2020).

Dioxins are an important group of organic pollutants con-
taining 75 polychlorinated dibenzo-p-dioxins (PCDDs) and
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135 polychlorinated dibenzofuran (PCDF) congeners, of
which 17 exhibit toxicity (Ssebugere et al. 2019).
Polychlorinated biphenyls (PCBs) are a group of 209 conge-
ners which 12 are similar to PCDD/Fs in toxicological char-
acteristics and are referred as dioxin-like PCBs (DL-PCBs)
(Hoogenboom et al. 2020; Ssebugere et al. 2019). These con-
taminants have a long half-life in the environment where they
persist due to their high lipophilicity. Their main emission
sources in the environment are the various human activities,
although small quantities of these substances may be generat-
ed by natural processes, including forest fires. The main emis-
sions are coming from municipal solid waste incinerators and
various industrial processes, resulting in the deposition of
these POPs in seawater and in the contamination of fish where
they are found mostly in the fatty tissue and constitute the
primary source of human exposure (Kanan and Samara
2018; Vuorinen et al. 2017).

PCDD/Fs and DL-PCBs have been classified by the
International Agency for Research on Cancer as carci-
nogenic to humans (IARC 1997) and may also cause
immunosuppression and behavioral changes and increase
the risk of cardiovascular disease in humans and ani-
mals (Cui et al. 2018). An emerging body of evidence
measured these pollutants in different water bodies
worldwide (Castro-Jiménez et al. 2011; Howell et al.
2008; Kalantzi et al. 2017). However, the available data
for low- and middle-income countries is very scarce yet,
and we are not aware of any study on the investigation
of PCDD/Fs and DL-PCBs in the fish of the Algerian
sea and other seas of Africa. However, it is important to
carry out studies on persistent organic pollutants in fish
caught in Algerian waters since they are close to large
urban areas possibly highly polluted. Therefore, this
study aimed to measure the concentrations of the total
PCDD/Fs and DL-PCBs in the flesh of swordfish
(Xiphias gladius) fished in the littoral Algerian and
compare the results obtained with the Algerian and
European regulatory thresholds. Moreover, the health
risk of consumption of this fish was investigated.

Materials and methods
Sampling and preparation of samples

A total of 37 samples of swordfish (Xiphias gladius) (n
= 37) were randomly sampled in three market stalls in
Algeria. Fifteen samples were collected in Algiers
(North Centre, NC), 12 samples in Bejaia (North East,
NE), and 10 samples in Oran (North West, NW) (Fig.
1). Sampling was conducted over a 6-month period
from April to September 2017. The frequency of sam-
pling was not regular, and was depending on the

availability of fish in the market stalls. The samples
were transferred directly to the laboratory for preparation.

Once in the laboratory, the fish has been prepared, of which
only the flesh has been kept for analysis; the swordfish skin
was removed. The swordfish flesh matrix has been crushed by
a grinder (Retsch Grindomix 200, Germany), labeled, and
packaged in polyethylene bags and stored at — 20 °C until
analysis.

Fat extraction

In order to have 2 g of fat, 40.8 g of swordfish meat
was weighed with a scale (METTLER AE 200,
Germany) and placed in a 250-mL glass flask
(SCHOTT DURAN, Germany). Fat was extracted from
fish samples (13 to 40 g, according to the amount avail-
able) using a shaken solvent extraction method, as fol-
lows: 30 mL of water (HiPerSolv CHROMANORM,
VWR, Leuven, Belgium) and 30 mL of isopropanol
(Sigma-Aldrich, Germany) were added to the flask con-
taining the fish flesh and shaken in a rotary shaker
(Heidolph REAX2, Germany) for 10 min. Then, 60
mL of extraction solvent n-hexane/diethyl ether (97:3,
v/v) (Merck, Darmstadt, Germany) was added and the
flasks were shaken for 1 h. After sedimentation, the
supernatant was transferred to a plugged-in Erlenmeyer
flask (SCHOTT DURAN, Germany) using an automatic
pipette (Piptus®-akku, Germany). The operation of
adding the extraction solvent and stirring (for 30 min)
was repeated twice. Five grams of anhydrous sodium
sulfate (Fluka, Germany) was added to the extract.
The extract was then filtered through a pleated filter
paper and the solvent was evaporated using a rotavapor
(LABOROTA 4000, Germany), at 35 °C and 90 rpm
until its volume reached 2 mL. The fat content of the
samples varied from 0.2 to 9%.

Purification

The PCDD/F and DL-PCBs were separated from the fat
using a multilayer silica column containing 20 g of 33%
acid silica, 20 g of acid silica 20%, and 1 g of anhydrous
sodium sulfate (Fluka, Germany). The columns were con-
ditioned with 55 mL of the n-hexane/diethyl ether (97:3,
v/v) mixture before loading the extracted fat. PCDD/Fs
and DL-PCBS were eluted using 125 mL n-hexane/
diethyl ether (97:3, v/v). The cluates were evaporated
using a TurboVap II (Zymark®, Germany) and then trans-
ferred into conical bottom tubes before continuing evapo-
ration under nitrogen flow up to a volume of 50 uL.
Twenty-five microliters of dimethyl sulfoxide (DMSO)
(Acros Organics, Belgium) was then added and the re-
maining hexane was evaporated under nitrogen.
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Fig. 1 Geographical location of the three study areas

Analysis by the Dioxin Responsive Chemical-Activated
LUciferase gene eXpression (DR-CALUX) bioassays

The DR-CALUX® was developed by Wageningen
University (Aarts 1993) and is distributed by BioDetection
System (BDS, NL). This assay involves the rat hepatoma
HAIIE cell line stably transformed with an AhR-controlled
luciferase reporter gene construct.

The cells were cultivated in MEM« (Thermo Fisher
Scientific, Massachusetts, USA) completed with 10% v/v fetal
bovine serum (Greiner, Kremsmiinster, Austria), 50 IU/mL
penicillin and 50 mg/mL streptomycin (Sigma-Aldrich,
Missouri, USA), and incubated in a H20-saturated atmosphere
with 5% CO,, at 37 °C. The DR-CALUX (Dioxin Responsive
Chemical-Activated LUciferase gene eXpression) bioassay
methodology was detailed elsewhere (Scippo et al. 2004;
Doan et al. 2019). Shortly, cells were initially inoculated in
white clear-bottomed 96-well microplates (Greiner,
Kremsmiinster, Austria) and incubated for 24 h to reach about
90% of confluence in the well. The cells were exposed for 24
h, in triplicates, to either the sample extracts or to standard
solutions of tetrachlorodibenzo-p-dioxin (TCCD) diluted in
o«MEM (Biowhittker®, Belgium), with a final concentration
0f 0.4% DMSO.

The cells were washed with a phosphate-buffered saline
solution (Sigma-Aldrich, Missouri, USA) after 24 h of expo-
sure, then treated with a lysis solution (with Triton X100,
Sigma-Aldrich, Missouri, USA). Finally, luciferin (Promega,
Wisconsin, USA) and ATP (Roche Diagnostics, Rotkreuz,
Switzerland) were added to the cell lysate to obtain lumines-
cence, which was determined with a luminometer (ORION 11,
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Berthold Detection System, Pforzheim, Germany).
Concentrations, expressed as TCDD TEQ, were measured
from a TCDD standard calibration curve, ranging from 0
(blank DMS0) to 20 pg per well.

Quality controls

For quality control of the method (QC), we used a
procedure blank (complete procedure under the same
conditions without sample) and “in-house” QC samples
consisting of beef fat fortified with the 17 PCDD/F and
the 12 DL-PCBs to have a content of 2 pg TEQ g ' fat.
The analysis of procedure blanks and reference samples
(QC) were performed in duplicate.

The limit of quantification of this assay is typically 0.06 pg
TCDD/well, corresponding roughly to 0.05 pg TEQ g ' wet
weight (ww) of fish, according to the weighted samples and
their fat content.

Statistical study

Mean concentrations, standard deviation, and minimum and
maximum of values were measured using Microsoft Excel®
(2010). The statistical study was performed using R software
(version 3.6.0). The distribution of data was tested using the
Shapiro-Wilk normality test. For the comparison of the differ-
ence in concentrations of the total PCCD/Fs and DL-PCBs in
different studied areas, the test of Kruskal-Wallis was utilized,
and the pairwise Wilcoxon test was used to determine which
of these areas have a significant difference. A significant level
of 0.05 was used for all analyses.
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Health risk assessment

The exposure risk assessment for the adult population was
carried out by estimating dietary intake (EDI) as follows
(Rauscher-Gabernig et al. 2013):

EDI = (C x 0)/W

where EDI is the dietary intake of PCDD/Fs and DL-PCBs in
pg TEQ kg ' bw day ' week ', C is the mean concentration
of PCCD/Fs and DL-PCBs in fish flesh (pg TEQ g~' ww), and
O is the fish portion per day in grams. Since there is data about
this fish species consumption in Algeria, it was decided to use
a 100-g portion. W is the mean body weight (kg) which was
set to 60 kg for an Algerian adult (MFFR 2018).

Results and discussion
Concentrations of PCCD/Fs and DL-PCBs

Descriptive statistics of measured PCCD/Fs and DL-PCBs are
presented in Fig. 2. The lowest minimum value of PCCD/Fs
and DL-PCBs was measured in the swordfish of Bejaia and
Oran with similar values of 0.03 pg TEQ g ' ww. The highest
maximum value was observed in the swordfish of Bejaia
(0.72 pg TEQ g ' ww). This can be explained by the heavy
pollution of the sea in this area due to the discharge of the
urban waste from the commercial port and industrial areas, as
well as from the rivers. The lowest mean value was recorded
in the swordfish of Oran (0.08 pg TEQ g ' ww) and the
highest mean value was measured in the swordfish of Bejaia
(0.27 pg TEQ g ' ww). The concentrations of sum PCDD/Fs
and DL-PCBs studied in the swordfish captured in the
Algerian sea were lower than the threshold level of Algerian
and European regulations (i.e., 8 and 6.5 pg TEQ g ' ww
respectively) (OJPDRA 2011; EU 2011). The mean concen-
trations of PCDD/F and DL-PCB obtained in the flesh of

Fig. 2 Descriptive of PCCD/Fs

swordfish (Xiphias gladius) in the present study were lower
than those reported by Perello et al. (2015) and Bocio et al.
(2007) (0.71 and 0.48 pg TEQ g~ ' ww respectively) in Spain
and by Diletti et al. (2018) (1.84 pg TEQ g ' ww) in Italy.

The Kruskal-Wallis test showed a significant difference in
the PCCD/Fs and DL-PCBs values between different sam-
pling areas (P value = 0.006). The results of pairwise
Wilcoxon test indicated a significant difference between the
PCCD/Fs and DL-PCBs values in the Oran swordfish and
those of Algiers (P value = 0.016), as well as Oran and
Bejaia (P value = 0.037). However, no significant difference
was observed between the PCCD/Fs and DL-PCBs values in
Algiers and Bejaia (P value = 0.904).

Previous studies indicated that the concentration of
PCCD/Fs and DL-PCBs in fish samples were significantly
depended on the concentration of these pollutants in the ma-
rine waters where they were caught (Domingo et al. 2007).
Other physiological and biological factors of the fish species,
e.g., age, size, and reproductive status, also could influence
the concentration of PCCD/Fs and DL-PCBs in fish (Mezzetta
et al. 2011). Moreover, these pollutants are lipophilic; there-
fore, higher lipid level in fish could lead to higher accumula-
tion of these pollutants in the fish (Corsolini et al. 2005). The
trophic position of fish species could also influence the level
of these pollutants. It has been reported that fish with the high
trophic position tend to accumulate more PCCD/Fs and
DL-PCBs due to biomagnification. Furthermore, metabolic
activity has been reported as another important factor in the
bioaccumulation of pollutants in fish (Corsolini et al. 2005).
Another important factor in concentrations of PCCD/Fs and
DL-PCBs variation was the method of analysis. Vromman
et al. (2012) obtained two different means concentrations in
fish from Belgium after analysis with two analytical methods:
GC-HRMS and CALUX; the mean concentration of 4.62 pg
TEQ g ' ww was reported in the case of analysis by the
CALUX method, which was higher than that reported in the
case of analysis by the GC-HRMS method (2.93 pg TEQ g
ww). This discrepancy can come from the difference in WHO-
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Table 1 Estimated dietary intakes
(pg TEQ kg ' bw day ' week ')
for the intake of PCCD/Fs and
DL-PCBs in swordfish based on
the study areas

Adult (bw 60 kg, fish portion 100 g)

Sampling ~ Mean concentrations Daily intake (pg TEQ  Weekly intake (pg TEQ
area (pg TEQ g ' ww) kg ' bwday ) kg ' bw week ")
PCCD/Fsand  Algiers 0.19 0.31 2.17
DL-PCBs  Bejaia 0.27 045 3.15
Oran 0.08 0.13 091

TEF and CALUX response potencies (REP) of some of the 29
congeners, in particular the DL-PCBs (Scippo et al. 2004).

Health risk assessment

Table 1 presents the results of estimated dietary intake (pg
TEQ kg ' bw day ' week ") for the intake of PCCD/Fs and
DL-PCBs due to consuming swordfish. Results indicated that
the highest daily and weekly intake was observed for Bejaia
samples (0.45 and 3.15 pg TEQ kg ' bw day ' week ', re-
spectively). Moreover, the lowest daily and weekly intake was
observed for Oran (0.13 and 0.91 pg TEQ kg ' bw day ™
week !, respectively).

The dietary intakes (Table 1) estimated in the region of
Bejaia and Algiers were higher than the tolerable weekly in-
take (2 pg TEQ kg~ ' bw week ') established by the European
Food Safety Authority (EFSA 2018) but lower than the toler-
able daily intake fixed earlier by the World Health
Organization (1-4 pg TEQ kg ' bw day ') (Anonymous
2000). The dietary intakes estimated in Oran do not exceed
these tolerable values.

The values of daily intakes estimated through the consump-
tion of swordfish in Algeria (Table 1) were higher than that
reported by Bocio et al. (2007) and Perell6 et al. (2015) (0.03
and 0.04 pg WHO-TEQ day ', respectively) in Spain. These
values are not only influenced by the concentrations of total
PCCD/fs and DL-PCBs but also by the amount of fish con-
sumed (Corsolini et al. 2005).

This study had some limitations that should be considered
in future researches. Due to limitations in our budget, the
number of samples in our study was too small. Moreover,
we did not sample swordfish according to biometers of the
fishes, which may be the effect of results. Also, we did not
investigate the concentrations of PCCD/Fs and DL-PCBs in
the water body of studied areas. Finally, seasonal variation in
the concentrations of PCCD/Fs and DL-PCBs was not
assessed in this study.

Conclusion

In this study, the concentrations of PCCD/Fs and DL-PCBs in
swordfish from the Algerian coastline were determined based
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on the bioassay technique. The concentrations of these pollut-
ants in the studied areas were lower than threshold levels
recommended by the Algerian and European Union. The con-
centrations of PCCD/Fs and DL-PCBs were significantly dif-
ferent in the study area indicating that fishing areas were im-
portant factors in the variation of these pollutants. The dietary
intake obtained from swordfish of Bejaia and Algiers
exceeded the tolerable weekly intake fixed by the European
Food Safety Authority (EFSA 2018) but was lower than the
tolerable daily intake proposed by the World Health
Organization (Anonymous 2000). However, our findings
showed that levels of PCCD/Fs and DL-PCBs in swordfish
were not safe levels. Hence, regular controls and permanent
monitoring are needed in these areas. Further studies with
larger sample numbers in different seasons and different fish
species are recommended.
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