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HIGHLIGHTS

* Surface sediments from Lake Victoria were analyzed for PCDDs, PCDFs and dI-PCBs.

» The maximum concentration of PCDD/Fs and dI-PCBs was 136pgg—1 dw.

» The WHO2005-TEQs for PCDD/Fs lay in the range of 0.07 to 5.53pg TEQg—1 dw.

» The WHO2005-TEQs for dI-PCBs varied from 0.01 to 0.23pg TEQg—1 dw.

* 23.1% of samples had their PCDD/F results above the set WHOPCDD/Fs-TEQ values.
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Surface sediments (<60 cm) from the Napoleon Gulf and Thurston Bay on the northern shore of Lake Victoria
were analyzed for polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs) and
dioxin-like polychlorinated biphenyls (dI-PCBs). Fifteen PCDD/Fs and eleven dI-PCBs were found in 75.5%
of the samples. The maximum concentrations of PCDD/Fs and dI-PCBs were 44.1 and 136 pg g~ ! dry weight
(dw), respectively. Octachlorodibenzo-p-dioxin was the predominant PCDD/F congener at the Napoleon Gulf
and Thurston Bay area. Regarding the dI-PCBs, a variation in levels was observed between the mono-ortho
PCBs and non-ortho PCBs, with the former having higher levels than the latter. The PCDD/F and dI-PCB levels,
in the sediments of Napoleon Gulf, which is near urban centers and industrial areas were markedly higher
(o0 < 0.05) than those from the Thurston Bay, which is offshore, suggesting that human activities could be
sources of the pollutants to the surrounding water resources. World Health Organization-toxic equivalency
quotients (WHO-TEQs) lay in the range of 0.07-5.53 pg g~ ! dw for PCDD/Fs and 0.01-0.23 pg g~ ! dw for
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dI-PCBs. 23.1% of samples from the Napoleon Gulf had their results above the set WHOpcpp,rs-TEQ value.
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1. Introduction

Polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated di-
benzofurans (PCDFs) and the dioxin-like polychlorinated biphenyls
(dI-PCBs) are carbon-based organic substances. They possess a combi-
nation of physical and chemical properties which include being non-
biodegradable (Field and Sierra-Alvarez, 2008), undergoing long-
range atmospheric transport (Li et al., 2007) and accumulating in the
fatty tissue of living organisms (Cok et al., 2007; Bordajandi et al.,
2008). In animals, these contaminants elicit a diverse spectrum of
toxic and biochemical responses including body weight loss (Fierens
et al., 2003), induction of gene expression (Brouwer et al., 1995) and
immunotoxicity (Sormo et al., 2009).
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The major sources of PCDD/Fs are thermal processes (Lin et al.,
2007), forest fires (Kim et al., 2003), fossil fuel combustion, synthesis
of chloro-phenols, production of chloro-organic pesticides, pulp
bleaching in the process of paper production (Quafd et al., 2004),
among others. PCBs can be released into the atmosphere through leak-
age of old equipments like transformers and capacitors, leaching from
landfills, smokestacks and weathering of asphalt, etc. Despite the ex-
tensive information on PCB inventory, use and disposal, especially in
the developed nations, only the National Environment Management
Authority (2007) has documented their status in Uganda, a country
which became an official party of the Stockholm Convention in 2004
(Ritter et al., 2007).

In the environment, the atmosphere is a major pathway for the
transport and deposition of PCBs and PCDD/Fs. Once released into
aquatic systems, the pollutants tend to accumulate in the sediments
for a long period of time and are subject to partitioning, degradation
and transport processes. The sediments can then act as natural sinks
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for the pollutants whose re-suspension at the water-sediment inter-
face, especially in storm events and during lake mixing, may increase
accumulation and bio-availability in the food chain (Evenset et al.,
2007). Relative to the water column, surface sediments are a more ap-
propriate environmental compartment that can be related to the con-
centrations of pollutants in aquatic organisms (Nguyen et al., 2005).

Of recent, L. Victoria is increasingly experiencing pollution from
various sources like biomass burning, industry, transport and house-
holds (Awange and Obera, 2007; Kwach and Lalah, 2009). A consider-
able proportion of the pollutants reach the lake, thereby contributing
to deterioration in the water quality (Odada et al., 2004). As far as we
know, this is the first report on PCDD/Fs and dI-PCBs in the sediments
of L. Victoria. The aim of this study was to evaluate the concentration
magnitude of the dioxins in the sediments of L. Victoria and to com-
pare the results with those obtained in studies elsewhere.

2. Materials and methods
2.1. Study area and sample collection

Samples of overlying surface sediments were collected in March
2011 from the Napoleon gulf and Thurston bay (Fig. 1). The Napoleon
Gulf is on the shoreline of Jinja town with a dense urban development
and industrialization. A great deal of bio-mass burning occurs along
the banks of the Thurston Bay where sugarcane growing is also signif-
icant. The shorelines of the Napoleon Gulf and Thurston Bay which
were previously fringed by papyrus (Cyprus papyrus), have been ex-
tensively degraded by a rapid rising human population, mounting
pressure on the lake, in terms of water quality and sedimentation
(Wasswa et al., 2010). For the reasons above, the two locations were
earmarked as study areas.

Within each location, samples were taken from marked stations.
The stations included A (00°24'50”N, 33°14'20"E), B (00°24’60"N,
33°17'10”E) and C (00°25’70"N, 33°16’40"E) at the Napoleon Gulf,

and D (00°25’50”N, 33°20’'55”E) and E (00°26’50”"N, 33°21'50"E)
at the Thurston Bay. A sediment tube sampler was used for coring,
to minimize the likelihood of cross contamination; all the utensils
used were thoroughly washed and rinsed with acetone, followed by
hexane before coring. A total of twenty five samples (five from each
station) were collected. The number of collected samples was dictat-
ed by the high cost of analysis of PCDD/Fs and dI-PCBs. The samples
were transferred into clean solvent-rinsed glass bottles. The bottles
were immediately transferred to the laboratory and kept at —28 °C
until extraction.

2.2. Reagents, chemicals and standards

All the organic solvents (picograde) used, '>C-labeled PCDD/F
and dI-PCB standards were purchased from LGC Standards (Wesel,
Germany), and their purity was over 99.9%. Anhydrous sodium sulfate,
alumina, Cyg-modified silica gel, sulfuric acid and silica gel were of
analytical grade. The silica gel was heated overnight at 200 °C before
use, to reduce the background levels of analytes. Reversible carbon
columns filled with 100 mg Carboxen 1016, were purchased from
Supelco (Taufkirchen, Germany). The screening included a total of fif-
teen 2,3,7,8 PCDD/F congeners, four non-ortho PCBs (77, 81, 126 and
169) and seven mono-ortho PCBs (105, 114, 118, 123, 156, 157 and
167), because they are the most toxic and have a common mode of ac-
tion. Analytical stock solutions were prepared in amber flasks using
n-nonane and stored in a fridge maintained at 4 °C.

2.3. Sample extraction and purification procedures

The sediment samples were defrosted prior to extraction. Detailed
descriptions of the sample extraction and purification procedures
have previously been reported by El-Kady et al. (2007). Briefly, 10 g
of the sample was spiked with internal standards ('3C-labeled
PCDD/Fs and dI-PCBs) and converted to a free flowing powder using
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hydromatrix™ (Varian). The samples were extracted using an accel-
erated solvent extractor (ASE 200 Sunnyvatem CA, USA) with two
10 min static cycles of 75/25 n-hexane-acetone mixture at 120 °C
and a pressure of 120 bar. After extraction, the resultant volume
was passed through a drying funnel of anhydrous sodium sulfate
and eluted with 100 mL of n-hexane. The extracts were reduced to
1 mL on a rotary evaporator and kept for double step purification.

Primary purification was achieved by using a multi-layer silica
gel column which was filled with 5 g of anhydrous Na,SO4 (bottom),
2 g of silica gel, 3 g of 30% NaOH-silica gel, 1 g of silica gel, 5 g of 44%
H,S04-silica gel, 10 g of 22% H,SO4-silica gel and 5 g of anhydrous
Na,SO4 (top). The column was pre-washed with 60 mL of n-hexane
before it was directly connected to a reversible carbon column
(Carboxen 1016, Supelco) that had been rinsed by an equi-volume
(25 mL) of toluene and n-hexane, respectively. The concentrated
extract was added to the multi-layer column and eluted with
100 mL of n-hexane. The mono-ortho PCBs passed through both col-
umns, while PCDD/Fs and non-ortho PCBs were retained in the carbon
column. The multi-layer column was removed; the carbon column
was washed with 30 mL of dichloromethane/n-hexane (1:9, v/v),
then reversed and the PCDD/Fs were eluted with 100 mL of toluene.
The co-extracted analytes were separately concentrated to 1 mL and
kept for secondary purification.

Secondary purification was achieved as described by Cok et al.
(2009). Briefly, the first fraction containing PCDD/Fs was eluted
through an alumina column filled from top to bottom with 2 g of
anhydrous Na,SOg4, 5 g of alumina and 2 g anhydrous Na,SO4. The
second fraction containing PCBs was purified using a solid phase ex-
traction cartridge filled with 1 g of C;g-modified silica gel. Silica gel
was first conditioned with 6 mL of acetonitrile before the extract
was added and later eluted with 5 mL of acetonitrile. The resulting
purified extracts from both fractions were reduced to <1 mL using a
rotary evaporator, transferred to sample vials containing internal re-
covery standards and then kept for gas chromatographic analysis.

2.4. Instrumental analysis

The analysis of PCDD/Fs and non-ortho PCBs was performed with a
high resolution mass spectrometer MAT 95S (Thermo Electron GmbH,
Bremen, Germany) coupled with an Agilent gas chromatograph 6890
(Agilent Technologies, Palo Alto, CA, USA). Chromatographic separa-
tion was achieved by injecting 1 pL extract in the pulsed splitless
mode with a period of 120 s on a Restek Rtx-Dioxin2 capillary column
(40 m x 0.18 mm i.d. x 0.18 um). The oven temperature of the gas
chromatograph (GC) was held at 130 °C for 1.5 min, rising to 205 °C
at 25 °C min~ !, then to 310 °C at 4 °C min~ ! and finally holding it
at 310 °C for 15 min. The injection temperature was 300 °C, while the
transfer-line temperature was 300 °C. The analysis of mono-ortho
PCBs was carried out using an Agilent GC 5890 Series 11 equipped
with a high resolution mass spectrometer MAT 95S. The separation
was achieved by injecting 1 WL on a Phenomenex MultiResidue-2
column (30 m x 0.25 mm i.d x 0.20 um). The oven temperature was
initially programmed at 90 °C. It was then held for 1.5 min, increased
to 170 °C at 20 °C min~', held for 7.5 min, increased to 265 °C at
3.5 °Cmin~"!, then to 310 °C at 20 °C min~! and held for 10 min.
Helium was used as a carrier gas at a constant pressure of 16 psi. The
mass spectrometer was operated at a resolution of over 10,000 under
positive electron ionization conditions (45 eV), and data was obtained
in SIM mode using the two most intense ions of the molecular ion clus-
ter for labeled and unlabeled isomers.

2.5. Quality assurance and data analysis
To ensure quality of the data, replicate analyses for precision con-

trol, recovery standards for control of losses and internal reference
materials for accuracy control were used. The results presented and

discussed in this study were blank corrected. One procedural blank
was performed for every 5 samples. In the absence of detected blank
values the limit of detection (LOD) was defined by a signal to noise
ratio (S/N) > 3 times the average baseline variation. If blank values
were detected, the LOD was defined as 3 times the standard deviation
of all blanks analyzed. The LOD was a function of the extracted mass
and varied between analytes (0.01-0.33 pg~! for PCDD/Fs and 0.02-
1.00 pg~! for dI-PCBs). The recoveries for surrogate standards ranged
between 45% and 108%. All concentrations in the present study were
normalized to dry sample weight (dw). Arithmetic means were calcu-
lated from only positive quantifiable samples and statistical signifi-
cance was defined at p < 0.05.

3. Results and discussion
3.1. Concentrations of PCDD/Fs in the sediments

The present study is the first investigation on the concentrations
of PCDD/Fs in sediments from the Napoleon Gulf and Thurston Bay
of L. Victoria. The concentrations of sigma PCDDs varied widely
from one location to another (Table 1). The maximum concentration
at the study stations was 44.1 pg ¢~ ! dw. Octachlorodibenzodioxin
(OCDD) was the major contributor in the majority of the samples
(>29.7% to sum of seven PCDD congeners) from the Gulf and Bay
area. The reason for the domination of OCDD could be that it is emit-
ted at higher rates in the atmosphere than other PCDD congeners.
Octachlorodibenzodioxin is usually produced in high amounts as a
by-product during combustion of domestic and fuel oil mixtures
(Anderson and Fisher, 2002), in sewerage sludge and open fire of
garden waste (Wevers et al., 2004). Therefore, the Napoleon Gulf
being near urban centers and industrial areas could be receiving
OCDD related compounds from the above sources. It was observed
that 1,2,3,4,7,8-HxCDD was detected at low levels in most sediments
from the stations. One of the reasons for the low 1,2,3,4,7,8-HXCDD
levels found could be biotransformation processes. Muir et al. (1985)
have reported 1,2,3,4,7,8-HxCDD to undergo more rapid biotransfor-
mation compared to other PCDDs.

The concentrations of PCDDs in the sediments from station B were
remarkably higher compared to A and C. It was noted that the sedi-
ments from station B were clay in nature while those from A and C
were sandy. This suggests that grain size of sediments could be an
important factor governing the levels of PCDDs. At the Thurston
Bay, station E had higher concentrations of PCDDs than D (Table 1).
In the vicinity of station E is Kakira sugar plantation, where open
burning of sugarcane is normally done every harvesting season. The
concentrations of the Y PCDDs recorded in the present study varied
from 0.42 to 52.8 pg g~ ! dw. Our results are nearly the same as
those in sediments from Liaohe River in China (Zhang et al., 2010)
and the Oder River in Poland (Niemirycz and Jankowska, 2011).

Polychlorinated dibenzofurans in the Napoleon Gulf sediments
ranged from 0.07 to 5.61 pg g~ ! dw. Congener 1,2,3,4,7,8,9-HpCDF
was the most abundant homologue in the sediments from sta-
tion B (based on mean concentrations it represented 21.3% of the
>_PCDFs) while 2,3,7,8-TeCDF, the reference compound of the furans
group, was the least detected (it contributed less than 8.56% to the
Y PCDFs). The concentration ranges in pg ¢~ ' dw and contribution
to the Y_PCDFs by other furans in the sediments from station B were
2,3,4,7,8-PeCDF (1.42-2.72, 12.7%); 1,2,3,4,7,8-HXCDF (1.51-4.13,
15.0%) and 1,2,3,4,7,8,9-HpCDF (2.07-4.89, 21.3%). The PCDF concen-
trations at station B were 2 fold higher than those from A. The levels
of PCDFs from station A were one order of magnitude higher than
those at C. It was noted that for most sediments from the Napoleon
Gulf, congener 2,3,4,7,8 PeCDF was predominant. Baker and Hites
(2000) have reported that 2,3,4,7,8 PeCDF principally comes from
technical PCBs and combustion processes. Therefore, their prevalence
in the Gulf sediments can be attributed to urban waste incineration
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Table 1

Mean concentrations and ranges (pg g~ ' dw) of PCDD/Fs in sediments from the study stations.

Congeners Napoleon Gulf Thurston Bay
Station A Station B Station C Station D Station E
PCDDs
2,3,7,8-TeCDD 1.15 133 n.d n.d n.d
1.10-1.18 1.28-1.38
1,2, 3,7, 8-PeCDD 0.52 247 243 n.d n.d
0.49-0.55 2.33-2.61 2.18-2.70
1,2, 3,4,7,8-HxCDD 0.74 1.50 n.d n.d 0.30
0.21-1.15 1.48-1.52 0.28-0.32
1,2, 3,6, 7, 8-HxCDD 0.70 15.7 0.42 0.33 0.56
0.44-1.08 4.74-26.7 0.4-0.44 0.31-0.35 0.44-0.67
1,2,3,7,8,9-HxCDD 0.66 117 0.39 n.d 0.54
0.57-0.75 1.12-1.22 0.25-0.52 0.25-0.83
1,2,3,4,6,7, 8-HpCDD 5.20 243 2.23 0.41 3.63
4.92-547 1.83-3.02 0.67-4.16 0.16-0.65 0.37-6.88
0OCDD 354 104 28.8 245 36.3
35-35.5 10.4-10.5 28.7-28.9 241-2.49 28.9-44.1
> PCDDs 444 35.1 34.2 3.19 414
PCDFs
2, 3,7, 8-TeCDF 0.59 1.40 0.35 n.d 0.40
0.55-0.63 1.38-1.42 0.18-0.51 0.28-0.51
2,3,4,7, 8-PeCDF 0.89 2.07 1.21 0.08 047
0.27-1.74 1.42-2.72 0.32-2.87 0.07-0.09 0.38-0.55
1, 2, 3,4, 7, 8-HxCDF 0.61 245 1.24 0.09 0.38
0.26-1.26 1.51-4.13 0.31-3.27 0.07-0.11 0.31-0.50
1,2, 3,6, 7, 8-HxCDF 0.57 1.81 0.71 n.d 0.59
0.24-1.15 1.45-2.18 0.40-1.22 0.50-0.68
1, 2, 3,7, 8, 9-HxCDF 0.23 3.71 0.39 n.d 0.53
0.19-0.29 1.81-5.61 0.37-0.41 0.41-0.64
1,2, 3,4,6,7, 8-HpCDF 0.92 1.43 0.85 n.d 1.13
0.82-1.02 1.41-1.45 0.78-0.92 0.92-1.34
1,2,3,4,7,8, 9-HpCDF 0.16 3.48 0.21 n.d 0.21
0.15-0.17 2.07-4.89 0.18-0.25 0.20-0.23
OCDF 1.14 n.d 117 n.d n.d
1.12-1.15 1.11-1.27
> PCDFs 5.11 16.4 6.13 0.17 3.71
> PCDD/Fs 49.5 514 40.4 3.36 45.1
WHO2005-TEQ (PCDD/Fs) 0.98 424 132 0.08 0.42
0.21-2.05 1.67-5.53 0.40-1.38 0.07-0.09 0.08-0.69
Ratios ()_PCDFs/>_PCDDs) 0.12 0.47 0.18 0.05 0.13
0.06-1.86 0.51-0.62 0.10-1.67 0.02-0.05 0.08-1.37

n.d—nondetectable.

and chronic PCB runoff as sources of contamination. A different PCDF
congener profile was observed in the Thurston Bay sediments, with
1,2,3,4,7,8 HXCDF being the prevalent congener at station D (52.9%
to the grand Y PCDFs) and 1,2,3,4,6,7,8 HpCDF at E (30.5% to the
>_PCDFs). Octachlorodibenzofuran (OCDF) was not detected in any
sample from the Thurston Bay. Bakoglu et al. (2005) have reported
that the main source of OCDF into the environment is mainly chemical
manufacturing. Therefore, since the Thurston Bay is located far from
industrial and urban activities such a result would be expected.

The levels of }_PCDD/Fs from this study (range 0.20-56.7 pg g~ '
dw), were an order of magnitude higher than were reported by Kim
et al. (2009) in the sediment of Han River, Korea (range 23.1-
368 pg g~ ! dw). The calculated ratios (3_PCDFs/3>_PCDDs) ranged
from 0.06 to 1.86 and were >1 in 26.3% of the sediments, confirming
combustion as one of the possible sources of PCDD/Fs and related
compounds into the Napoleon Gulf and Thurston Bay. The ratios of
PCDDs/PCDFs can be used to identify the main source(s) of dioxins
to the environment. Normally, if the ratio (PCDFs/PCDDs) is >1, the
major source is especially combustion (Huang and Buekens, 1995).

3.2. Concentrations of the dI-PCBs in sediments

The dI-PCBs (non-ortho and mono-ortho PCBs) were detected in
76.9% of the samples. PCB 77 was the major contributor to the
> _non-ortho PCBs in most samples from the Gulf (stations A 89.3%
and C 83.8%) and Bay area (stations D 88.5% and E 85.2%). The high

levels of PCB 77 could be attributed to the fact that it does not undergo
degradation easily (Miao et al., 1999). Although this isomer was dom-
inant in our study, its concentrations are comparable to those in sedi-
ments from Lake Maggiore in Northern Italy (Castro-Jiménez et al.,
2008) and, residential and industrial areas in central South Africa
(Nieuwoudt et al., 2009). The contribution to the >_non-ortho PCBs
by PCB 77 was followed by 126 (4.57% for sediments from station A,
11.5% for D and 8.38% for E). On the contrary, the contribution by
PCB 77 at station C was followed by 169 (it contributed 8.27% to the
>_non-ortho PCBs). Low levels of PCB 81 were detected from station
A (mean 1.07 + 0.04 pg g~ ' dw). The low levels could be due to the
high limits of detection observed in our laboratory. Similarly, PCB
169 exhibited low concentrations at all sampling stations (Table 2).
PCB 169 tends to show limited mobility to molecular diffusion
processes (Chiarenzelli et al., 2001) and is more susceptible to the dis-
solution loss process (Li et al., 2009). Therefore, the low concentra-
tions in the present study could be attributed to the fact that the
congener is more soluble in water. The levels of the Y non-ortho
PCBs in our study ranged from 1.24 to 39.8 pg g~ ! dw. The levels are
in the same range as those in sediments from Marmara Sea in Turkey
(Telli-Karakog et al., 2002).

With regard to the levels of mono-ortho PCBs, 105 and 118 were
the most dominant at stations A and C, followed by 114 and 156.
This kind of distribution of congeners is also reported by Zhou et al.
(2012) in surface sediments from Lake Taihu in China. A variation
in concentrations was observed between the mono-ortho PCBs and
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Table 2
Mean concentrations and ranges (pg g~ ' dw) of the dI-PCBs in sediment samples from
each study station.

Congeners Napoleon Gulf Thurston Bay
Station A Station C Station D Station E

Non-ortho PCBs

PCB 77 28.2 14.0 28.2 18.2
26.0-30.3 13.9-14.1 22.1-34.2 13.7-22.7

PCB 81 1.07 n.d n.d n.d
1.04-1.10

PCB 126 144 133 2.78 1.79
1.09-1.63 1.30-1.35 1.74-3.82 1.32-2.25

PCB 169 0.86 1.40 nd 1.38
0.48-1.23 1.19-1.71 1.19-1.57

>_ Non-ortho PCBs 315 16.7 31.0 214

Mono-ortho PCBs

PCB 105 60.1 40.8 25.2 nd
47.0-73.3 39.9-41.6 23.1-27.3

PCB 114 5.99 3.28 3.77 n.d
5.69-6.28 3.09-3.47 3.21-433

PCB 118 121 81.9 66.1 n.d
105-136 79.7-84.1 49.7-82.5

PCB 123 6.73 4.56 nd nd
6.06-7.40 4.14-4.98

PCB 156 16.1 233 31.7 n.d
16.0-16.2 13.2-41.1 28.2-35.3

PCB 157 5.88 6.24 9.08 nd
5.68-6.07 3.19-11.8 8.91-9.25

PCB 167 n.d 125 134 n.d

12.0-133 12.7-14.1

> Mono-ortho PCBs 216 173 149 -

>~ dI-PCBs 247 189 180 214

WHO4005-TEQ (dI-PCBs) 0.17 0.09 0.02 0.21
0.13-0.20 0.01-0.18 0.01-0.03 0.18-0.23

n.d—nondetectable.

non-ortho PCBs, with the former having slightly higher concentrations
than the latter. Mono-ortho PCB congeners are usually present at high
concentrations in most commercial PCB mixtures and in environmen-
tal samples, and are environmentally persistent than the non-ortho
PCBs (Hornbuckle et al., 2006). Therefore, the high levels of the
mono-ortho PCBs are likely to be due to the fact that they undergo
slow desorption kinetics. The levels of > mono-ortho PCBs in the
present study (range 65.1-244 pg g~ ') are in the same range as
those reported in sediments from River Nile in Egypt (El-Kady et al.,
2007), and are lower compared to the ones in the Great Lakes of
Canada (Li et al., 2009). In Uganda, there is no information about the
use or any possible source of PCBs. Neither is there any regulation
that addresses the control of PCB use nor their disposal. However,
the possible sources of the dI-PCBs could be releases from damaged
old electric transformers and commercial PCB products.

3.3. World Health Organization-toxic equivalency quotients for PCDD/Fs
and dI-PCBs

Toxic equivalency quotients (TEQs) for each sample were calculat-
ed using the 2,3,7,8-TCDD toxic equivalent factors (TEFs) according to
suggestions by World Health Organization (WHO) (van den Berg et al.,
2006). The WHO,005-TEQs lay in the range of 0.07-5.53 pg TEQ g~ !
dw for PCDD/Fs and 0.01-0.23 pg TEQ g~ ! dw for dI-PCBs. Concerning
the WHO-TEQs for PCDD/Fs, OCDD was the most dominant and it
accounted for between 36.4 and 83.7% of the fifteen congeners. PCBs
105 and 118 were the main dI-PCBs and together they contributed
>61.2% to the TEQs. The TEQs for dI-PCBs in all the samples from the
Napoleon Gulf and Thurston Bay were below the interim sediment
quality guideline of 0.85 pg WHO-TEQ g~ ' dw recommended by the
Canadian Council of Ministers of the Environment (2002). While, the
TEQs for PCDD/Fs in sediments from Thurston Bay were below

0.85 pg g~ ', 23.1% of samples from the Napoleon Gulf had their
TEQs above the set value.

The WHOpcpp,rs-TEQ values at station B (range 1.67-5.53 pg g~ !
dw) were higher compared to those at D (0.07-0.09 pg g~ ' dw)
and E (0.08-0.69 pg g~ ! dw), but comparable to the ones of stations
A (range 0.21-2.05 pg g~ ' dw) and C (0.09-3.21 pg g~ ' dw). The
WHOpcpp,rs-TEQs in the present study were twice those of sediments
from the Pearl River Delta in China (Zhang et al., 2009), in the same
range as those of the Mondego estuary in Portugal (Nunes et al.,
2011), but lower than the ones of Liaohe River in China (Zhang et al.,
2010) and the trans-boundary rivers in Belgium-France (Sanctorum
et al.,, 2011). In light of the above, it could be concluded that the con-
tamination of the lake is within permissible limits for dI-PCBs except
for PCDD/Fs in 23.1% of the samples.

4. Conclusion

In this study, detectable levels of PCDD/Fs and dI-PCBs were found in
surface sediments from L. Victoria. The measured concentrations and
WHO-TEQ values for PCDD/Fs and dI-PCBs were lower compared to
those reported in most studies dealing with fresh water sediments.
However, since sediments play a role of first supplier to benthic feeders
and consequently the biomagnifications of pollutants to higher trophic
animals, the presence of even trace amounts of PCDD/Fs and dI-PCBs in
the sediments of L. Victoria could be of harm since they may end up
being ingested by aquatic organisms like fish.
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