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Analyses of organochlorine pesticides (OCPs), polycyclic aromatic hydrocarbons (PAHs), polychlorinated bi-phenyls (PCBs), and butyl tins (BuSn) were conducted on 
sediments from Ichkeul Lake-Bizerte Lagoon watershed (Tunisia). A total of 59 compounds (16 PAHs, 12 PCBs, 22 OCPs and 9 BuSn) were measured in 40 surface 
sediment samples collected during two campaigns. High concentrations of total PAHs were identified in the lagoon ranging from 122 to 19600 ng·g−1. Several OCPs, 
including endrin, dieldrin, and lindane (Hexachlorocyclohexane or HCH or BHC) were found in high concentrations in Ichkeul Lake, ranging from 28 to 2012 ng g−1. 
PAHs and OCPs varied seasonally, in response to the complex hydrology of the watershed. The concentrations of total PCBs ranged between 0.04 and 10.653 ng g−1 

and suggests low total PCBs sediment contamination, when compared to most international criteria. Total BuSn concentrations range between 67 and 526 ng·g−1, 
which are relatively low when compared to most international criteria and ecological risk assess-ments. This is the first study of organic contamination in Ichkeul 
Lake (RAMSAR and UNESCO World Heritage site).

Polycyclic aromatic hydrocarbons (PAHs), organochlorine pesti-
cides (OCPs), polychlorinated biphenyls (PCBs) are classes of persistent
organic pollutants (POPs). These compounds are ubiquitous environ-
mental contaminants of great concern in coastal marine sediments these
contaminants enter into the environment from numerous sources, in-
cluding river run-off, atmospheric precipitation, industry, households
and all types of transportation (Wen et al., 1994; Chang et al., 2006).
POPs have been detected in various environmental matrices and biota
of aquatic ecosystems which receive these pollutants from agricultural
and industrial activities (Kukucka et al., 2015; Sharma et al., 2014).
Several studies have shed light on the presence of industrial pollutants
or priority substances (Wenzel et al., 2003; Deycard et al., 2014) in
different environmental matrices (Shu et al., 2000; Vane et al., 2007;
Ben Said et al., 2010; Opel et al., 2011). Sediments are thought to be the
final compartment in which POPs accumulate. The rapid sorption of

POPs to sediment particles and their long persistence in aquatic sedi-
ments make them a practical media to assess contamination of an
aquatic ecosystem. Although environmental concentrations are highest
near the sources, the presence of contaminants in places distant from
primary sources indicates that POPs are persistent in the environment
and can be transported at long distances (Pozo et al., 2014). Pollutants
from different origins that accumulate in sediments suggest that this
matrix is the principal reservoir of environmental contaminants (Birch
and Davey, 1995).Many of these compounds are toxic to aquatic life
and potentially harmful to humans (Tolosa et al., 2005; Sharma et al.,
2014). Coastal lagoons and lakes are generally ecosystems stressed by
the impact of large cities, industrial activities and intensive agriculture.
Rivers and estuaries can serve as important sources of metal and or-
ganic contaminants to coastal marine environments (Pozo et al., 2014;
Yang et al., 2014). Bottom sediments are complicated by interfering
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factors (such as binding of organic pollutants) that require complex
separation chemistry to produce accurate measurements. In Tunisia,
during the past decades researchers have taken the determination of
PAHs (Ben Said et al., 2010; Mzoughi et al., 2002; Trabelsi and Driss,
2005) and organotin (Mzoughi et al., 2005) in the sediment of Bizerte
Lagoon, but only one study was performed for the determination of PCB
contamination in surface sediments at Monastir Bay (Tunisia) (Nouira
et al., 2013). Even throughout Tunisia, there is no study reported for
the determination of pesticides in sediments but pesticides were in-
vestigated in other biological matrices such as human milk, from Bi-
zerte and various Tunisia places (Ben Hassine et al., 2012; Ennaceur
et al., 2008), in mullet and sea bass (Ben Ameur et al., 2013). Pollutants
from agricultural activities may impact the health of aquatic organisms
and subsequently local and migratory birds. Even though Ichkeul Lake
is an important migratory area for thousands of birds annually
(Stevenson and Battarbee, 1991), it has never been evaluated for POPs
contamination.

The current study aimed to investigate the occurrence and dis-
tribution patterns of OCPs, PAHs, PCBs and BuSn compounds in sedi-
ment of the Ichkeul Lake-Bizerte Lagoon complex (Tunisia). The
QuEChERS method validated by Yang et al. (2010) for the analysis of
pesticides in soil was adapted for the analysis of OCPs, PAHs and PCBs
in sediment samples and was applied with Gas chromatography–mass
spectrometry (GC–MS) for the determination of these pollutants. Sedi-
ment composition and contaminant profiles from different stations of
each ecosystem and the entire complex were compared in order to
evaluate the organic contamination and the potential sources.

Organic solvents (hexane, acetone, acetonitrile, and dichloromethane)
were of analytical grade and were supplied by Sigma Aldrich. Buffer salt
mixture was obtained from Agilent. Deionized water used in the experi-
ment was obtained from a Milli-Q water Ultrapure Water Purification
Systems (France).

PCB standard solutions, either as compound mix, containing PCB-
18, 28, 31, 70, 52, 101, 138, 118, 153, 149, 180, 194 and singles
compounds solutions of PCB 209 and PCB 30 were purchased from
Sigma Aldrich. The 16 priority PAHs (Naphtalène, Acénaphtène,
Acénaphtylène, Fluorène, Phénanthrène, Anthracène, Fluoranthène,
Pyrène, Benzo[a]anthracène, Chrysène, Benzo[b]fluoranthène, Benzo
[k]fluoranthène, Benzo[a]pyrène, Indéno[1,2,3-cd]pyrène, Benzo[ghi]
pérylène, Dibenzo[a,h]anthracène), known as the 16 priority polycyclic
aromatic hydrocarbons of US EPA list, as well as two deuterated in-
ternal standards phenanthrene-D10 and perylene-D12 were supplied as
pure reference materials (purity: 99.5%) also from Sigma Aldrich. OCPs
standard solutions of HCB, aldrin, dieldrin, heptachlor, heptachlor ep-
oxide isomer B, endrin, endrinaldehyde, α and β endosulfan, en-
dosulfan sulfate, 4,4′-DDE, 4,4′-DDD, 4,4′-DDT, α and β chlordane, α
and β nonachlor and an internal standards atrazine-D5 were purchased
from Sigma Aldrich. Standard solutions were prepared in acetonitrile.
Tributyltin (TBT) chloride (96%), dibutyltin (DBT) dichloride (97%),
monobutyltin (MBT) trichloride (95%) were obtained from Sigma-
Aldrich, whereas trimethyltin (TMeT) chloride (98%), dimetyltin
(DMeT) dichloride (95%), monometyltin (MMeT) trichloride (98 + %)
were obtained from Strem Chemicals (Newburyport, MA, USA). The
isotopically enriched butyltin species used were purchased from ISC

Fig. 1. Map of the Ichkeul Lake-Bizerte Lagoon complex indicating the location of the sampling sites (numbers).
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Science (Oviedo, Spain): a mix of MBT, DBT and TBT enriched in 119
Sn (82.4%) at 0.110, 0.691 and 1.046 μg·g−1, respectively.

All stock solutions (1000 μg·g−1 as Sn) were prepared by dissolving
the corresponding salt in a 3:1 mixture of acetic acid/methanol and
were kept in the dark at 4 °C until use. Working solutions of the orga-
notin compounds were prepared daily before analysis by dilution of the
stock solutions with 1% HCl in ultrapure water.

Ichkeul Lake –Bizerte Lagoon complex is located at the Northern
region of Tunisia. The Tinja River connects the Lake to the Lagoon, and
several rivers feed the hydrosystem complex (Fig. 1). The complex has
been exploited for fishing activities for several centuries and the lagoon
for mussel farming since 1964. Bizerte Lagoon is open to the Medi-
terranean Sea by a channel. The area of Bizerte Lagoon is approxi-
mately 128 km2, and it is subjected to contamination from two in-
dustrial zones, one with oil refinery one with cement plant… (Ben Said
et al., 2010) and agricultural lands located on the Bizerte Lagoons' edge.
Covering 90 km2, Ichkeul Lake is a Biosphere reserve, a Ramsar site,
and a UNESCO World Heritage Site (Stevenson, 1991; Kraïem and Ben
Hamza, 2000; Ramdani et al., 2001; Ben M'Barek and Slim-Shimi,

2002). The hydrology of the complex is seasonal. During winter, Ich-
keul Lake is fed by fresh water from the rivers increasing the water
level. At that time, large volumes of water are spilled into Bizerte La-
goon through the Tinja River. During the summer, water levels in
Ichkeul Lake are low due to high evaporation rates, coupled with lower
river inflows. As a result, saline water from Bizerte Lagoon enters Ich-
keul Lake through the Tinja River. This results in a saline water con-
nection between Ichkeul Lake and the Mediterranean Sea and formerly
had a seasonal salinity regime, freshwater increasing with winters'
rainfall and decreasing in summer. Ichkeul Lake receives principally
agricultural inputs as it is surrounded by a vast agricultural area
(Stevenson and Battarbee, 1991).

A total of 40 surface sediment samples were collected by Van Veen
grab from 20 stations of the Ichkeul Lake-Bizerte Lagoon complex, during
two sampling periods in September 2011 and April 2012.Selected stations
included mouths of rivers tributary to the lake and lagoon, stations ad-
jacent to industrial areas, and two stations at the centers of the lake and
lagoon. The locations of the sample stations are identified in Fig. 1. The
sediments were placed in glass bottles and were kept frozen at −20 °C.

Table 1
Physicochemical parameters of water from the complex Ichkeul Lake-Bizerte Lagoon.

ST/HAPs T°C pH Salinity
(PSU)

Conductivity
(ms cm−1)

Dissolved
oxygen
(mg l−1)

Nitrite
(μM)

Nitrate
(μM)

Phosphate
(μM)

Ammonium
(μM)

Chla
(μg L−1)

Suspended
material (mg)

Organic
carbon
(mg g−1)

September
ST1 Sep 21.8 7.52 39.1 58.9 7.4 0.07 11.30 0.05 5.47 0.27 0.01 3.15
ST2 Sep 22.6 7.71 39.7 59.5 10 0.64 6.19 0.30 14.88 0.40 0.04 3.02
ST3 Sep 23.2 7.89 37.0 55.9 8.4 0.19 5.34 5.73 12.52 0.13 0.02 3.02
ST4 Sep 23.3 8.06 37.3 56.2 9.6 0.00 18.26 0.12 6.05 0.27 0.02 2.90
ST5 Sep 23.4 8.05 35.4 53.8 8.2 0.82 1.91 2.69 16.05 0.94 0.02 2.94
ST6 Sep 23.5 8.04 36.4 55.1 8.8 0.03 6.07 0.37 4.29 0.67 0.01 3.76
ST7 Sep 23.2 8.15 35.4 53.7 8.7 0.06 21.47 0.69 1.94 0.80 0.01 3.06
ST8 Sep 23.6 8.08 36.1 54.6 9.5 0.13 18.22 0.44 11.94 1.47 0.02 3.14
ST10 Sep 24.1 7.33 37 56.1 6.3 0.51 0.59 0.51 19.00 0.16 0.03 3.55
ST11 Sep 24.6 7.72 36.4 55.4 5.4 0.84 9.52 0.05 15.47 0.27 0.03 3.51
ST12 Sep 23.9 7.77 36.5 55.3 5.5 0.34 17.22 0.37 11.35 0.14 0.03 4.34
ST13 Sep 24.3 7.66 36.4 55.4 5.9 0.69 7.02 0.62 18.41 0.35 0.03 2.12
ST14 Sep 24.5 7.70 37.4 56.5 6 0.03 17.82 0.65 6.64 0.95 0.04 4.12
ST15 Sep 24.3 7.67 36.7 55.5 5.6 0.52 7.83 0.62 13.70 0.73 0.06 2.90
ST16 Sep 24.4 7.76 36.8 55.9 5.9 0.88 13.48 1.51 36.64 0.49 0.04 3.41
ST17 Sep 24.5 7.79 34.9 53.4 6.1 0.64 3.37 1.08 16.64 0.67 0.04 5.08
ST18 Sep 24.6 7.74 37.4 56.6 6.1 0.49 5.20 0.98 21.94 0.53 0.03 5.72
ST19 Sep 24.4 7.84 37.7 57.0 6.2 0.56 15.88 0.15 13.11 0.84 0.03 7.24

April
ST1 Apr 22.8 8.24 2.4 4.6 9.6 0.09 1.73 0.02 7.32 0.45 0.04
ST2 Apr 22.5 8.24 2.5 4.9 11 0.53 6.09 0.09 11.09 0.68 0.06
ST3 Apr 23.8 8.32 2.6 5.0 9.2 0.09 2.41 0.74 13.98 0.41 0.05
ST4 Apr 23.6 8.32 2.6 5.0 10.8 0.07 1.76 0.16 9.83 0.52 0.04
ST5 Apr 23.2 8.32 2.6 5.01 9 0.57 7.22 1.26 14.54 2.06 0.03
ST6 Apr 23.4 8.32 2.4 4.7 9.7 0.03 1.28 0.17 6.87 1.50 0.04
ST7 Apr 23.1 8.31 2.3 4.4 9.3 0.09 3.65 0.41 10.85 1.75 0.04
ST8 Apr 22.9 8.27 2.6 5.0 10.7 0.15 1.97 0.27 3.94 3.98 0.06
ST9 Apr 23.4 8.18 32.2 49.3 8.5 0.41 3.71 0.36 11.64 1.73 0.02
ST10 Apr 23.2 8.21 32.4 45.6 8.5 0.46 2.91 0.32 13.91 0.39 0.02
ST11 Apr 23.5 8.34 24.5 40.2 8.4 0.32 4.78 0.63 18.79 0.57 0.02
ST12 Apr 22.9 8.33 30 46.3 8.7 0.50 5.99 0.54 10.19 0.36 0.03
ST13 Apr 23.1 8.34 27 42.6 8.6 0.57 8.21 1.46 8.37 0.49 0.02
ST14 Apr 23.2 8.34 28.8 45.1 8.4 0.71 11.43 1.22 16.22 0.74 0.04
ST15 Apr 23.7 8.37 28.5 43.5 8.6 0.01 0.97 1.64 11.07 1.44 0.03
ST16 Apr 23.6 8.39 28.6 45.1 8.5 0.60 5.81 0.32 7.88 0.96 0.05
ST17 Apr 23.7 8.42 29 45.3 8.7 0.74 6.91 1.72 11.54 0.91 0.03
ST18 Apr 23.2 8.46 28.4 45.1 8.5 0.50 3.72 0.50 16.02 0.65 0.02
ST19 Apr 23.6 8.45 29.1 45.6 8.6 0.53 4.23 0.36 8.74 1.97 0.04
ST20 Apr 23.5 8.40 29.2 45.7 8.2 0.46 5.98 0.16 8.34 0.76 0.01

3



Before analysis samples were freeze dried in a ZirBus Vaco2 lyophiliser
and sieved.

Water column temperature, pH, dissolved oxygen, salinity and
conductivity were determined in the field with a handheld multi-
parameter system WTW Multi-197i (Table 1). Nitrite and nitrate were
analyzed following the procedure of Wood et al. (1967). Ammonia was
determined according to Aminot and Chaussepied (1983). Phosphate
levels were determined as described in Murphy and Riley (1962). For
chlorophyll a (Chla), seawater samples were filtered through Whatman
GF/F filters. Pigment concentrations were determined using the stan-
dard spectrophotometric method (Parsons et al., 1984), following ex-
traction with 10 mL 90% acetone overnight at 4 °C in the dark. Sus-
pended material was analyzed according to Baretta-Becker et al.
(1994). Total organic carbon (TOC) of sediment samples was analyzed
with the TOC Analyzer (SHIMADZU H544051).

The samples were analyzed according to an adapted QuEChERS
method for the simultaneous analysis of OCPs, PAHs and PCBs in se-
diment by gas chromatography–mass spectrometry (Ben Salem et al.,
2016). BuSn were analyzed according to methods validated by Moreno
et al., 2006.

The samples were analyzed according to an adapted QuEChERS
method for the analysis of OCPs, PAHs and PCBs in sediment by gas
chromatography–mass spectrometry. The QuEChERS method validated
by Yang et al. (2010) for the analysis of pesticides in soil was adapted
for the analysis of OCPs, PAHs and PCBs in sediment samples. Briefly,
an aliquot of 5 g of sediment was weighed into a polypropylene tube

(50 mL capacity). Then, 4 mL ultrapure water was added, the tube was
manually shaken and the internals standards (atrazine d5, PCB 30,
phenanthrene-D10 and perylene-D12) were introduced. Then, 20 mL of
extraction solvent (dichloromethane-acetone (50:50 v:v)) were added
and the tube was shaken vigorously by hand for 1 min. Then, a citrate
buffer salt mixture (4 g MgSO4, 1 g NaCl, 0.5 g disodium citrate ses-
quihydrate and 1 g of trisodium citrate dehydrate) was added and the
tube was shaken vigorously manually (5 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 primary secondary amine
(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 Turbovap LV Concentration Evaporator system.
The dried residue was re-dissolved with 1 mL acetonitrile and kept at
−20 °C until analysis.

The analyses were performed by using a gas chromatograph
(Agilent 7890A) coupled to a mass spectrometer (Agilent 5975C) with
an electron impact ionization source (EI). The GC–MS system was
equipped with an Agilent DB5-MS UI column. The carrier gas was he-
lium used at 1 mL min−1

flow rate. The ion source temperature and the
quadrupole temperatures were kept at 230 °C and 150 °C, respectively.
A sample volume of 1 μL of the extracts 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

Fig. 2. Spatial distribution of total PAHs in sediments of Ichkeul Lake-Bizerte Lagoon complex. Gray rectangle: concentrations of total PAHs in April; black rectangle: concentrations of
total PAHs in September.
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Fig. 3. a. Concentrations (ng·g−1 dry wt) of PAHs in sedi-
ment of different sites from Ichkeul Lake in April. b.
Concentrations (ng·g−1 dry wt) of PAHs in sediment of
different sites from Bizerte lagoon in April.

Table 2
Threshold effects level (TEL) (ng·g−1 dry wt) of OCPs from NOAA screening quick references table.

Compounds Marine sediment Freshwater sediment

Lindane 0.32 0.94
Chlordane 2.26 4.5
p,p DDD 1.22 3.54
p,p DDE 2.07 1.42
p,p DDT 1.19 –
DDT total 3.89 6.98
Dieldrin 0.715 2.85
Endrin – 2.67
Heptachlor epoxide – 0.6
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at 3 °C/min to 300 °C (hold 2 min). The MS interface temperature was
maintained at 300 °C. The quantification was carried out in the selected
ion monitoring mode (SIM) selecting two characteristics fragments ions
for each compound. Two replicates were performed for each sample
with two injections. An internal standard correction was used for the
quantification of the analytes.

The accuracy of the method was evaluated by the recoveries ob-
tained for the certified reference sediment. The obtained data show
acceptable recoveries ranging from 60% to 103% for PAHs, from 76 to
131% for PCBs and from 81 to 137% for pesticides.

Data were detected and their concentrations were analyzed using
mean ± SD.

The physical and chemical parameters observed in the sampling
stations are summarized in Table 1.Water temperature at all sampled
stations exhibited comparable temporal fluctuation from 21.8 to
24.6 °C in September and from 22.5 to 23.7 °C in April (Table 1). In dry
season, salinity varied from 34.9 to 37.7 PSU in Bizerte Lagoon and
from 34.4 to 39.7 PSU in Ichkeul Lake. In rainy season, salinity varied
from 31.2 to 34.4 PSU in Bizerte Lagoon and from 2.3 to 2.6 PSU in
Ichkeul Lake. The reduction in salinity between seasons at Ichkeul Lake
from 35 to 2.5 PSU is due to the contribution of continental water from
dams and rivers. In Bizerte Lagoon, the channel and marine stations 9,
10 are submitted to the marine influence with higher salinities.

All PAH target compounds were detectable in sediment samples
collected from the complex Ichkeul Lake-Bizerte Lagoon. Total PAHs
ranged from 122 to 19,600 ng·g−1 dry wt with mean of 1576 ng·g−1

dry wt. Bizerte Lagoon was much more contaminated with PAHs than

Ichkeul Lake for two campaigns September and April. In September
2011, stations 11, 18 and 19 were the most contaminated at Bizerte
Lagoon. Stations 9 and 12 were the most affected in April (Fig. 2). The
station 11 located in the way of boats between Mediterranean Sea and
Menzel Bourguiba harbor, and stations 18, near the industrial area,
were contaminated by PAHs in April 2011, and previously reported by
Ben Said et al. (2010). It is not surprising to found high PAHs levels in
the stations 9 and 12 since they are located at the channel of Bizerte
Lagoon, which is probably impacted by maritime traffic of Menzel
Bourguiba Harbor. The results are comparable to those reported pre-
viously (Mzoughi et al., 2005; Ben Said et al., 2010). Station 17 at Bi-
zerte Lagoon was the less contaminated in April than in September. This
station is always subjected to water flow with permanent water renewal
eliminating all type of contaminant (Harzallah, 2003).

For the Ichkeul Lake, stations 1, 5, and 6 were most PAHs con-
taminated in September 2011. In April, stations 1, 2 and 5 were most
affected by PAHs. Whatever season, the least PAHs contamination in
Ichkeul Lake was at station 7. These results indicate that contamination
by PAHs in the lagoon and lake mainly due to accumulation of PAH in
sediment from the maritime traffic. Seasonal variation showed that
contamination by PAHs was stronger in rainy season (April) than in dry
season (September) for the two ecosystems studied. These results were
consistent with those obtained by Mzoughi et al. (2005, 2002). In-
dividual PAHs with the highest concentrations are naphthalene, indeno
[1,2,3 cd]pyrene, phenanthrene, benzo[b]fluoranthene, and fluor-
anthene, in descending order (Fig. 3a and b). Comparison with
threshold published by the National Oceanic and Atmospheric

Fig. 4. Spatial distribution of total OCPs in sediments of Ichkeul Lake-Bizerte Lagoon complex. Gray rectangle: concentrations of total OCPs in April; black rectangle: concentrations of
total OCPs in September.
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Administration (NOAA): the Threshold Effects Level (TEL) and Probable
Effects Level (PEL), showed that the PAHs contents in stations 6, 9, 10,
12, 18 exceeded the TEL (Table 2), station 12 exceeding the PEL.

Pesticides were detectable in sediment from all prospected stations of
the complex. Total OCPs ranged from 34 to 2021 ng·g−1 dry wt with mean
of 1576 ng·g−1 dry wt. Lake Ichkeul was more contaminated by OCPs than
Bizerte lagoon regardless of the season. Stations 2, 8 and 1 were the most
contaminated (Fig. 4). The maximum concentration of endrin was recorded
at station 2 and the minimal at station 6 (Fig. 5a). Regarding Dieldrin, the
highest concentrations were observed at stations 8, 2 and 1(Fig. 5). The
lowest concentration was detected at the station 6. Lindane (HCH) was
detected in all stations with comparable concentrations. The maximum dose
was detected in station 8 and the minimum at station 6 (Fig. 5a). En-
dosulfan has been detected in the sediments of different stations with
maximum at stations 8 and 2 (Fig. 5a). Heptachlor, Aldrin, Hexa-
chlorobenzene (HCB), dichlorodiphenyltrichloroethane (DDTs), chlordane
and nonachlor were detected in the different stations, but at very low

concentrations (Fig. 5a and b). A maximum total concentration of up to
2021 ng·g−1 dry wt OCPs was detected in the sediments from stations 8
(Fig. 4). Interestingly station 2 is located near agricultural areas (4102 ha)
of the office of public lands. Station 8 was the only station chosen because it
is not located in the mouth of a river in order to estimate the effect of direct
runoff from agricultural areas. According to the results, it is likely that direct
runoff had a greater effect in the transport of pesticides that rivers flow. This
observation may be explained by a dilution effect in rivers. These con-
centrations were in the same range of those detected by Ben Ameur et al.
(2013) in the tissues of fishes Mugilcephalus and Dicentrarchus labrax in Bi-
zerte Lagoon from 1.25 to 227 ng·g−1 dry wt. Lindane (HCH), Dieldrin and
Endrin are the most represented in the sediments of Ichkeul Lake. The OCPs
were detected at low levels in all stations of Bizerte Lagoon. The OCPs
contents exceeded the threshold of the standards published by NOAA
(Table 2) in almost all stations in the lake and lagoon. The effect of the OCPs
detected on bacteria and free-livingmarine nematodes in station 6, 8, 13, 17
was investigated in Ben Salem et al. (2016).
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Fig. 6. Spatial distribution of totals PCBs (ng·g−1) in sediments of complex Ichkeul Lake-Bizerte Lagoon. Gray rectangle: concentrations of totals PCBs in April; black rectangle:
concentrations of totals PCBs in September.

Fig. 7. Spatial distribution of total BuSn (ng·g−1) in sediments of complex Ichkeul Lake-Bizerte Lagoon. Gray rectangle: concentrations of totals BuSn in April; black rectangle: con-
centrations of totals BuSn in September.
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Concentrations of total PCBs detected in the sediment of Ichkeul
Lake-Bizerte Lagoon complex were ranged between 0.004 and
10.653 ng·g−1 dry wt. The levels were relatively low. This result is
comparable to the range of concentrations of PCBs detected in sediment
from Monastir Bay in Tunisia (1.1 and 9.3 ng·g−1) (Nouira et al., 2013).
However, the contents detected in the tissues of fish Mugilcephalus and
Dicentrarchus labrax from Bizerte Lagoon were higher in the range of
1.43–156 ng·g−1 wt (Ben Ameur et al., 2013), probably due to bio-
magnification. There was not a clear seasonal and spatial variation
between the Ichkeul Lake and the Bizerte Lagoon (Fig. 6) as reported
previously by Nouira et al. (2013), except for station 9 at Bizerte La-
goon which was more contaminated than the other stations in April,
and for station 5 at Ichkeul Lake in September (Fig. 6). The complex
Ichkeul Lake-Bizerte Lagoon was not affected by PCBs. PCBs contents
exceeding neither the threshold set by NOAA nor the Interim sediment
quality guidelines (ISQGs) for total PCBs, which is determined at
21.5 μg·kg−1 dry wt for marine sediment and at 34.1 μg·kg−1 dry wt
for freshwater sediment. The probable effect levels (PELs) for total PCBs
being 189 μg·kg−1 for marine sediment and 277 μg·kg−1 for freshwater
sediment.

Concentrations of total BuSn detected in the sediment of Ichkeul
Lake-Bizerte Lagoon complex were ranged between 67.5 and
526.1 ng·g−1 dry wt. Generally there is no difference between two
stations (lake and lagoon) and seasons (Fig. 7), except the station 20
from the lagoon indicates a high level of BuSn (526.1 ng·g−1 dry wt).
The lagoon stations close to the ship repair industry are the most con-
taminated. As regards the Lake, station 1 where load the fishing boats is
the most contaminated and the stations submitted to maritime traffic
are also contaminated. Concentrations of BuSn detected in the sedi-
ments of the lake/lagoon complex were relatively low compared to
norms. The spatial distribution of BuSn in the sediment of complex
shows that stations subjected to the action of maritime traffic are most
contaminated but the contents are substandard.

The Ichkeul Lake was found with high levels of OCPs contents. The
OCPs input is probably coming from the agricultural areas located at
the edge of this aquatic ecosystem. Bizerte Lagoon was found with high
levels of PAHs contents, which are probably coming from the maritime
traffic. The PCBs and BuSn content levels were found low indicating
that there was not a real contamination by these compounds. The hy-
drological characteristics of the complex Ichkeul Lake-Bizerte Lagoon,
such as seasonal variation of flow rates, may influence the spatial and
temporal distribution of persistent organic pollutants in sediments. It is
thus important to survey the impact of human activities on the Ichkeul
Lake-Bizerte Lagoon hydrologic complex in order to protect this area
with high ecosystemic value.
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