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Abstract Polychlorinated biphenyls (PCBs) are classified
as persistent organic pollutants (POPs) regulated by the
Stockholm Convention (2001). Although their production
and use was stopped almost three decades ago, PCBs are
environmental persistent, toxic, and bioaccumulate in biota. We assessed the levels of 7 PCB congeners (IUPAC
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nos. 28, 52, 101, 118, 138, 153, and 180) in sediment and
fish (Oreochromis niloticus, Lates niloticus, and
Rastrineobola argentea) and evaluated the potential of
cestode fish endoparasite (Monobothrioides sp.,
Proteocephalaus sp., and Ligula intestinalis) as
biomonitors of PCBs in Lake Victoria, Kenya. The median
concentration of Σ7PCBs in sediments and fish were 2.2–
96.3 μg/kg dw and 300–3,000 μg/kg lw, respectively. At
all the sampling sites, CB138, CB153, and CB180 were
the dominant PCB congeners in sediment and fish samples. Compared to the muscle of the piscine host,
Proteocephalaus sp. (infecting L. niloticus) biomagnified
PCBs ×6–14 while Monobothrioides sp. (infecting
O. niloticus) biomagnified PCBs ×4–8. Meanwhile,
L. intestinalis (infecting R. argentea) biomagnified PCBs
×8–16 compared to the muscle of unparasitized fish. We
demonstrate the occurrence of moderate to high levels of
PCB in sediments and fish in Lake Victoria. We also
provide evidence that fish parasites bioaccumulate higher
levels of PCBs than their piscine hosts and therefore
provide a promising biomonitor of PCBs. We urge further
a long-term study to validate the use of the above cestode
fish parasites as biomonitoring tools for PCBs.
Keywords PCBs . Bioaccumulation . Parasite . Lipid
content . Biomagnification . Lake Victoria

Introduction
Polychlorinated biphenyls (PCBs) as commercial formulations were employed in the past as dielectric fluids
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in power transformers and capacitors, as insulators,
coolants, plasticizers in plastic and rubber products,
and as hydraulic fluid (Meijer et al. 2003; Johnson
et al. 2006). They may be introduced into the environment through accidental leaks and fires in electrical
equipment, past disposal in dumps, accidents in transportation of equipment with PCBs, and leakage from
hazardous waste sites (Yang et al. 2009). Since they are
regarded as persistent organic pollutants (PoP) by
Stockholm Convention, they could seriously threaten
the environment, animal, and human health (Brown
et al. 1994; Berg et al. 2013; Pizarro-Aránguiz et al.
2015; UNEP 2009), depending on their concentrations,
the type of PCB congener, and extent of exposure
(Zhang et al. 2014). There are concerns about their
persistent and toxic nature that led to their eventual
ban on production throughout the world in the late
1970s (Breivik et al. 2007). Despite the ban, their presence is still detectable due to their high biostability and
hydrophobicity and because they are resistant to both
chemical and biological degradation (Ribas-Fito et al.
2001). Also due to the uncontrolled use of the compounds in the industry and agriculture, PCBs are now
ubiquitous contaminants in the environmental media
worldwide (Meijer et al. 2003; Xing et al. 2005; Yang
et al. 2008).
Once in the aquatic ecosystems, small amounts of
PCBs may be re-dissolved at the water–sediment interface or incorporated into sediments (Karvonen et al.
2013; Huang et al. 2015; Colombo et al. 2005) and
suspended particulate matter (Eisenreich et al. 1989).
They can be taken up by sediment-dwelling organisms
(McLeod et al. 2008) or build up in aquatic organisms
including fish accumulating to higher levels than those
in water and sediments (Sures et al. 1999). Bioaccumulation of PCBs in water biota increases over time depending on PCB concentration in the environment and
the type of species (Fu and Wu 2006). Fish that are close
to the top of the aquatic food web have a relatively long
life span and concentrate high amounts of PCBs
(Brázová et al. 2012b). Hence, the concentration of
PCBs accumulated in fish may be used as a good tool
to assess the degree of PCB pollution of the environment (Fang et al. 2009; Hu et al. 2009; Brázová et al.
2012b).
Parasite infection is potential stressor to organisms
and may disrupt a number of physiological processes in
their host (Frank et al. 2013). The interactions between
parasites and their fish hosts have attracted increasing

interests from ecological viewpoint (see reviews in
(Oyoo-Okoth et al. 2010b; Lima et al. 2012; Karvonen
et al. 2013; Seppälä et al. 2009; Bellay et al. 2015),
while studies on the interaction between parasites, their
hosts, and pollutants have generated information suitable for developing sentinels for contaminant biomonitoring (Marcogliese and Pietrock 2011; Sures 2007;
Oyoo-Okoth et al. 2010a, b). Fish parasites have also
previously been used in monitoring inorganic pollution
(e.g. see (Sures 2001; Huang et al. 2015; Sures et al.
1999), but research on the accumulation of organic
compounds, including PCBs (e.g., Brázová et al.
2012a), is scant in parasitic organisms ( Sures 2004,
2008; Marcogliese and Pietrock 2011; Le et al. 2014;
Morrill et al. 2014). To this purpose, the aim of this
study was to assess the levels of PCBs in sediments and
commercial fish species and also evaluate the potential
of fish parasites as bioindicator of PCBs in Lake Victoria, Kenya. The host–parasite assemblages from different sites in the lake were analyzed to characterize spatial
changes in the ability of the parasites and their hosts to
accumulate PCBs.

Materials and methods
Study area
Lake Victoria is the largest tropical lake in the world,
having a surface area of about 68,800 km2 and a
maximum depth of about 70 m. The lake is situated
at an altitude of 1,134 m above sea level and is
bordered by Tanzania, Kenya, and Uganda (Fig. 1).
The mean annual ambient temperatures in areas adjacent the lake range between 20 and 34 °C. Bimodal
rainfall pattern is experienced in the area; long and
heavy rains (1,200 to 1,600 mm) occur from March
to May and the short rains (350 to 550 mm) from
November to December. There are three commercially exploited fish species: Nile tilapia (Oreochromis
niloticus), Nile perch (Lates niloticus), and silver
sardine (Rastrineobola argentea). Six sites that receive water from the inflowing rivers from the Kenya
side of the lake were selected for this study (Fig. 1).
Human activities that include fishing, agriculture,
livestock grazing, sugarcane farming, and industrial
activities in towns at these sites are described elsewhere (Oyoo-Okoth et al. 2012).
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Sampling strategies
Fieldwork was carried out between 3rd February to 15th
November 2014 covering the dry and rainy season at
each of the six selected sampling sites (Fig. 1). Most of
the sampling work was conducted in the morning between 7 am to 11 am. On each sampling date: sediment,
fish, and fish parasite samples were collected. Sediments
were collected at the surface (up to 20 cm) using
Ekmans Grab Sampler. The sediments were transferred
to marked polythene bags, placed in an icebox (~4 °C)
and transported to the laboratory within 30 min for

analyses. In the field, fish were sampled using pelagic
gill nets (mesh size 0.5″) and rinsed (ultrapure water)
and carefully dissected dorso-ventrally using stainless
steel instruments for parasitological examinations of
endoparasites. Each dissection instrument was used for
specific fish. The internal organs were examined for
endoparasites under a dissecting and light microscope.
The fish muscles were trimmed carefully to expose any
embedded parasite cysts. The observed parasites were
isolated, counted and each transferred to a labeled vial,
then fixed in 70 % alcohol and sent to the Department of
Parasitology, University of Eldoret for identification.

Fig. 1 Map of the Nyanza Gulf
in Lake Victoria, Kenya showing
the location of the sampling sites
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samples; while in fish and fish parasites, the PCBs were
measured in the lipid-extracted fractions of the samples.
Extraction of lipids followed methods described in
(Campbell et al. 2004) with slight modification. Briefly,
2 g of the freeze-dried sample (sediment, fish, or fish
parasites) was ground with 10 g of anhydrous sodium
sulfate using a mortar and pestle. The samples were then
extracted on an accelerated solvent extractor device
(ASE 300, Dionex, USA) using 1:1 v/v mixture of nhexane/dichloromethane. For the sediments, activated
copper granules were added to the extract to remove
elemental sulfur before purification with column chromatography. The extract was concentrated to 2 mL
using a rotavapor. The concentrated extract was divided
into two sub-samples for fish (0.3 and 1.7 mL). The
0.3 mL was used for gravimetric determination of lipid
content while the remaining part was kept for clean up.
The extract was cleaned in a silica column to make the
extract suitable for injection into the gas chromatograph

The cestodes were identified morphologically using
standard identification keys and pictorial guides, e.g.,
Yamaguti (1959), Colombo et al. (2005), Sures (2007),
and Xing et al. (2005). Data of the fish and parasite
samples collected from the six sampling sites of Lake
Victoria is presented in Table 1. Other parasites occurred
in fish but their prevalence were low (< 2 %) while the
cestode parasites that infected one species was not found
in the other fish species (i.e., parasite–host specificity).
The cestodes for PCB analysis were freeze dried before
analysis. Fish which did not have any parasite after field
observations were placed into separately marked polythene bags, stored in ice boxes, and transported to the
laboratory for further chemical analyses.
Chemical analysis
All samples were freeze dried prior to analysis. In the
sediment, the PCBs were measured in the freeze-dried

Table 1 Data of the fish and parasite samples collected from the six sampling sites of Lake Victoria (mean values ± standard error)
Fish/fish parasites

Sampling sites
Site S1

Oreochromis
niloticus

Lates niloticus

Site S2

Site S3

Site S4

Site S5

Site 6

Number of fish sampled

189

201

184

192

188

205

Mean length (cm)

40.3 ± 9.2

43.8 ± 11.3

37.2 ± 7.1

38.3 ± 8.3

41.2 ± 10.2

43.6 ± 9.9

Mean dry weight (g)

306.1 ± 45.3 420.2 ± 67.8 314.3 ± 60.2 355.6 ± 63.2 398.3 ± 55.2 415.4 ± 70.2

Prevalence of
Monobothrioides spp. (%)
Number of fish analyzed

23.3

22.4

20.2

24.1

21.8

20.3

12

12

12

11

12

12

Number of fish sampled

133

136

125

144

119

116

Mean length (cm)

50.2 ± 11.3

55.3 ± 19.2

48.3 ± 10.1

49.3 ± 12.3

52.3 ± 13.2

56.4 ± 14.3

Mean dry weight (g)

401.2 ± 70.3 459.4 ± 81.2 435.6 ± 65.6 430.4 ± 61.4 475.6 ± 69.3 487.2 ± 90.2

Prevalence of
Proteocephalus spp. (%)
Number of fish analyzed

37.6
11

12

12

12

12

12

Number of fish sampled

234

142

201

197

210

219

Mean length (mm)

37.9 ± 9.4

41.3 ± 11.2

36.4 ± 9.1

36.4 ± 10.2

37.9 ± 8.9

40.4 ± 10.1

Mean dry weight (g)

0.54 ± 0.21

0.58 ± 0.22

0.51 ± 0.31

0.49 ± 0.23

0.54 ± 0.19

0.56 ± 0.28

Prevalence of Ligula
intestinallis (%)
Number of fish analyzed

28.6

34.5

24.9

23.4

21.4

23.7

14

12

14

13

12

12

Monobothriodes
spp.

Number analyzed (n)

15

14

15

14

15

15

Mean abundance in fish

4.45 ± 1.16

5.01 ± 2.42

4.31 ± 1.49

2.45 ± 1.19

3.83 ± 1.56

3.23 ± 1.99

Proteocephalus
spp.

Number analyzed (n)

11

12

12

12

12

12

Mean abundance in fish

3.65 ± 1.19

4.21 ± 1.82

4.31 ± 1.09

3.45 ± 1.31

2.44 ± 1.41

3.23 ± 1.92

Ligula
intestinalis

Number analyzed (n)

15

15

15

14

15

15

Mean abundance in fish

1.45 ± 0.16

2.41 ± 0.82

2.31 ± 0.09

2.45 ± 1.21

2.43 ± 0.92

1.23 ± 1.02

Rastrineobola
argentea

40.4

40.0

37.2

37.8

42.8
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(GC). The column contained alternating layers of neutral and acidic silica gel. The column was pre-eluted
with hexane, the sample was applied, and then the PCBs
were eluted with hexane. Finally, the sample was concentrated to a final volume of 100 μL.
The 7 Bindicator^ congeners (IUPAC nos. 28, 52,
101, 118, 138, 153, and 180) have been chosen on the
basis of their persistence in food web and their tendency
to biomagnification. The analysis of 7 indicator PCBs
(IUPAC numbers 28, 52, 101, 118, 138, 153, and 180)
was done using high-resolution gas chromatography
coupled with high-resolution mass spectrometry
(HRGC/HRMS; AutoSpec Ultima, Waters, USA).
Chromatographic separation was achieved by injecting
1 μL of sample on a fused silica capillary column
(DB5MS, 60 m × 0.25 mm i.d. × 0.25 μm film thicknesses). The oven temperature of the GC was maintained at 120 °C for 1 min, then increased to 150 °C at
a rate of 30 °C min−1, and finally, to 300 °C at
2.5 °C min−1. Helium was used as a carrier gas at a flow
rate of 1.0 mL/min.

Quality assurance and quality control
To ensure the quality of data, surrogate PCB standards,
blanks, replicates, and a certified reference material
(NMIJ CRM 7404-a, Japan) were included in the analysis. The PCBs reference standards and other organic
solvents and chemicals were of analytical grade and
purchased from commercial suppliers. Recoveries for
majority of the surrogate standards met the requirements
of US EPA methods 1668A (were in the range of 80–
117 %). The recoveries resulting from triplicate determinations (N = 3) of the certified reference material
were between 81 and 112 % for the PCB congeners.
The limit of detection (LOD) which was calculated as
three times the signal-to-noise ratio, varied from 0.04 to
0.32 ng/kg for sediments and 0.02 to 0.60 ng/kg for fish,
and 0.03 to 0.56 ng/kg parasites.

Biomagnification (BMF) of PCBs in fish parasites
The biomagnification factor (BMF) of the PCBs in the
parasite tissue was calculated according to the formula:
Adopted from (Sures et al. 1999). BMF = Concentration
of the PCBs in the parasite tissue/Concentration of the
PCBs in the fish muscle.

Page 5 of 11 483

Data analysis
All statistical analyses were performed with
STATISTICA 10.0 (StatSoft, Inc., Tulsa, OK, USA).
Data on PCBs concentration are presented as
mean ± SD per site. One-way ANOVA was used to
compare concentrations among sites. For each tested
data set, the assumption of normality prior to ANOVA
was verified using the Shapiro–Wilk test. Significantly
different means were analyzed by post hoc Tukey’s
HSD test. Relationship between PCBs concentration in
sediment and fish were analyzed using Pearson’s correlation. Significance was declared at P < 0.05 for all
analysis.

Results
Lipid content of freeze-dried wet weight of the fish
were: (mean ± SEM [range]): O. niloticus 3.2 ± 0.4
[2.9–3.7]%, L. niloticus 5.9 ± 1.1 [5.2–6.4]%, and
R. argentea 4.9 ± 0.6 [4.8–5.6]% while the lipid content
of the parasites were: Monobothrioides sp. 4.4 ± 0.6
[4.1–4.7]%, Protocephalus sp. 5.8 ± 0.9 [5.8–6.4]%,
and Ligula intestinalis 6.1 ± 0.8 [5.5–6.7]%. The prevalence of Monobothrioides sp. ranged from 20.2 to
24.1 % in O. niloticus, Protocephalus sp. ranged from
37.2 to 42.8 %, while for L. intestinalis the prevalence
was 21.4–34.5 %.
Concentrations of Σ7PCBs in sediments, fish, and
parasites samples at the six sites is presented in Fig. 2.
The mean concentration of Σ7PCBs in sediment (a)
ranged from 2.2 to 96.4 μg/kg dw (Fig. 2a). There was
a significant spatial variation of PCBs in sediments
(P < 0.001). S3 had the highest concentration of PCBs
(mean = 73.5 μg/kg dw; 31.2–96.4 μg/kg dw range).
The PCB levels at S1 (mean = 24.7 μg/kg dw; 17.3–
28.7 μg/kg dw range) followed that of S3. Site S6
(mean = 4.6 μg/kg dw; 2.2–8.1 μg/kg dw range) had
the lowest sedimentary PCB levels.
Concentration of PCBs in fish (b) ranged from 300 to
3,000 μg/kg lw (Fig. 2b). There were notable significant
spatial differences in PCB levels (P < 0.001); S3 had 2–
3× higher concentration of PCBs (mean = 1450 μg/kg
lw; 600–3,000 μg/kg lw range) compared to other sites
(300–550 μg/kg lw range). The pattern of PCB concentration at all the sampling sites followed the pattern:
L. niloticus > R. argentea > O. niloticus. PCB levels in
parasites (c) ranged from 1,200 to 18,000 μg/kg lw.
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Fig. 2 Box plots of mean ± SD of
PCBs concentration in: a surface
sediments (μg/kg dw), b fish (μg/
kg lw), and c fish parasites (μg/kg
lw) at six sampling sites of
Nyanza Gulf in Lake Victoria.
Number of samples per station is
presented in Table 1
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Again there were discernable spatial differences
(P < 0.001), parasite at S3 had the highest concentration
of PCBs (mean = 13,500–14,500 μg/kg lw; 6,000–
18,000 μg/kg lw range). The correlation between PCBs
in sediments and in fish was significant for all species of
fish (r > 0.82, P < 0.005). Accumulation of PCBs in
L. intestinalis (parasite infecting R. argentea;
mean = 12,000 μg/kg lw; 6000–16,000 μg/kg lw) was
in similar ranges (P > 0.05) to accumulation of PCBs in
Protocephalus sp. (parasite infecting L. niloticus;
mean = 12,000 μg/kg lw; 4,500–13,500 μg/kg lw) while
Monobothrioides sp. (infecting O. niloticus) had the

lowest PCB accumulation (mean = 5,400 μg/kg lw;
3,000–7,000 μg/kg lw).
We established similar pattern of PCB congeners in
sediments, fish, and in parasites. The general concentration patterns (calculated as % of the Σ7PCBs) is shown
in Fig. 3 for the sediment and Fig. 4 for the fish and fish
parasites. At all the sampling sites, CB138 (25–32 %),
CB153 (27–35 %), and CB180 (17–25 %) were the
dominant PCB congeners in sediment, fish, and parasites. Other congeners (CB28, CB52, CB101, and
CB118) occurred at concentrations that were <10 %
each of the congeners at all the sampling sites.

Author's personal copy
Environ Monit Assess (2016) 188:483
CB 28

CB 52

CB 101

Page 7 of 11 483
CB 138

CB 118

CB 153

CB 180

PCBs congener contributions (%) profile

100.0

80.0

60.0

40.0

20.0

0.0
Site S1

Site S2

Site S3

Site S4

Site S5

Site S6

Sampling sites

Fig. 3 Pattern of PCB congener contributions (%) profile in
surface sediments at the six sampling sites of the Nyanza Gulf in
Lake Victoria, Kenya

The BMF of PCBs in parasite compared to the conspecific fish species is presented in Fig. 5. The fish
parasites biomagnified PCBs ×4–16 without any noticeable spatial differences. Accumulation of PCBs in
L. intestinalis (parasite infecting R. argentea;
BCF ~ ×8–16) was significantly (P < 0.05) higher
compared to bioaccumulation in Proteocephalaus sp.
(BCF ~ ×6–15) and Monobothrioides sp. (BCF ~ ×4–8).

Discussion
PCBs in sediments
The concentration of Σ7PCBs in sediments were higher
than those measured in River Pangani, Tanzania (1.3–
7.0 μg/kg dw; Hellar–Kihampa et al. 2013), Murchison
Bay, Lake Victoria, Uganda (0.41–4.652 μg/kg dw;
7PCB congener contribution (%) profiles
0

10

20

30

40

CB28
CB52

Ssebugere et al. 2014b), and Pearl River Delta, South
China (0.43–1.77 μg/kg dw; Wang et al. 2011). These
values were also consistently very high compared to
River Congo, DRC (<0.005–0.65 μg/kg dw; Verhaert
et al. 2013), in the Napoleon Gulf of Lake Victoria,
Uganda (0.04–1.02 μg/kg dw; Ssebugere et al. 2014a),
and those from Guanabara Bay (0.018–0.184 μg/kg dw;
de Souza et al. 2008). PCBs in contaminated site such as
S3 were comparable to values reported in Dagu Drainage River in China (9.687–22.148 μg/kg dw; Liu et al.
2007) and Lake Qarun in Egypt (1.48–137.200 μg/kg
dw; Barakat et al. 2013) but were lower than the upper
limits of PCBs in Cortiou, Marseille in France (11.2–
1,412.2 μg/kg dw; Wafo et al. 2006).
The rivers that discharge into the L. victoria are
located near urban centers with numerous small-scale
motor vehicle repair workshops releasing contaminants
such as oils and paints which may release contaminants
into the rivers draining Lake Victoria. Currently, there is
very little enforcement of the regulations on disposal of
the wastes into the nearby water bodies (personal observation). Possible PCB contamination sources at the
sampling sites also include leakages of contaminated
fluids from the electric transformers, motor vehicle lubricants, and heat transfer fluids associated with transportation activities (Ssebugere et al. 2014a). Sites S1,
S3, S4, and S5 are also located in catchment areas that
practice biomass burning of sugarcane and agroindustrial discharge from sugar industries which is done
almost every harvesting season and may be potential
source of PCBs (Eckhardt et al. 2007). Site S3 had the
highest concentration of PCBs since it is located downstream of urbanized Kisumu City with several chemical
manufacturing factories, agro-industries, industrial
waste treatment plants, and municipal solid waste incinerators. Its close vicinity to industrial facilities where
ships dock are other potential sources of PCBs. The
current results indicate higher concentration of PCBs
in sediments influenced by human activities in the catchment areas.

CB101
CB118
CB138
CB153
CB180
Fig. 4 General pattern of PCB congener contribution (%) profiles
in fish and fish parasites at the six sampling sites of the Nyanza
Gulf in Lake Victoria, Kenya. Horizontal bars represent ranges (in
%) of congeners relative to Σ7PCBs

PCBs accumulation in fish
In commercial fish species, the PCB ranges (300–
3,000 μg/kg lw) were higher than the Σ7PCBs concentration in fish from freshwater bodies in Africa such as
Lake Tanganyika (24.3–77.7 μg/kg lw; Manirakiza
et al. 2002), Eastern Slovakia (mean = 108 μg/kg lw;
Brázová et al. 2012a), and Van Region, Turkey
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Fig. 5 Box plots of mean ± SD of
biomagnification factor (BMF) of
PCBs in fish parasites relative to
fish at the six sampling sites of the
Nyanza Gulf in Lake Victoria,
Kenya
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(<LOD − 277 μg/kg lw; Aksoy et al. 2011). The piscine
levels of PCBs were systematically much higher than
fish species sampled from upper River Thames (<0.77–
3.32 μg/kg lw; Yamaguchi et al. 2003), Yongxin Island,
South China Sea (6.3–89 μg/kg lw; Sun et al. 2014), and
Napoleon Gulf, Lake Victoria, Uganda (0.042–
0.778 μg/kg lw; Ssebugere et al. 2014a). The PCBs
were comparable to fish species from Negro Basin,
Argentinean Patagonia (24.3–77.7 μg/kg lw; Ondarza
et al. 2014), European eel (Anguilla anguila) from Loire
Estuary (80–4,500 μg/kg lw; Blanchet−Letrouvé et al.
2014), and wild brown trouts (Salmo trutta) sampled
from Marche rivers, Central Italy (80–3,100 μg/kg lw)
(Frank et al. 2013). The spatial patterns of PCBs were
consistent with PCBs analyzed in the sediments; thus, it
is possible that exposure to PCB-contaminated environment via direct contact or ingestion of sedimentdwelling organisms may constitute a major exposure
route for fish. When analyzing these differences, one
must take into account the trophic niche of the three
species (Ojwang et al. 2004; Campbell et al. 2004),
since they show different feeding habits, and thus, different positions in the trophic web.
In the present study, PCBs were higher in L. niloticus,
a carnivorous species when compared to omnivorous
O. niloticus and R. argentea. The present observations
suggest that these compounds can biomagnify throughout the food web to higher levels in the top predators.
The higher PCB accumulated by L. niloticus than other
fish species therefore appear related to the diet in its
trophic position. L. niloticus consume all available fish
species including its own siblings, insects, crustacea,
and molluscs whereas O. niloticus and R. argentea rely
on zooplankton and macroinvertebrates. The high levels

of PCB 138, 153, and 180 most likely demonstrate that
more of these congeners were released into the environment. Also, the high degree of chlorination resulting in
lower chemical degradation rates may make them be
retained in aquatic systems to a greater degree, resulting
in bioaccumulation in sediments and biota (Lavandier
et al. 2013). These results indicate considerable quantities of PCBs in the environment and therefore, there is a
need to search for suitable tools to monitor the PCB
concentrations.
PCBs accumulation by fish parasites
Previous study in Lake Victoria have identified that
the populations of R. argentea in Lake Victoria, exhibit
a high degree of infestation with the tapeworm, L. intestinalis, a cestode of the family
Diphyllobothriidae (Oyoo-Okoth et al. 2010a, c). Information on the cestode parasitic infections of O. niloticus
and L. niloticus are absent. In the current study, the
prevalence of Monobothrioides sp. occurred in high
abundance in O. niloticus samples (20.2 to 24.1 %),
Protocephalus sp. in L. niloticus (37.2–42.8 %), and
L. intestinalis in R. argentea samples (21.4–34.5 %;
Table 1). Numerous studies have highlighted parasites
as excellent bioaccumulators of inorganic pollutants
such as metals compared to their fish hosts. This has
often been achieved by calculating BMF, reflecting the
ratio between the concentrations in the parasite and in the
host. Yet the few studies that have attempted to measure
organic compounds such as PCBs bioaccumulation
in parasites compared their fish hosts. The studies
available have established that these contaminants are
lower in parasites than that in host tissues when
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measurement are done as dry weight or wet weight
basis, e.g., Brázová et al. (2012a) and Le et al. (2014).
In this study, we used lipid-normalized concentrations of PCBs in the host and compared with that of
the cestodes to establish the potential role of parasites as
bioaccumulators of PCBs. The cestode infecting the
three different fish species contained higher concentration of PCBs than their host by a BMF ranging from ×4
to 16 that was consistent among the sampling sites. The
present result where PCBs are higher in parasites than in
the hosts are consistent with studies of PCB accumulation in perch (Perca fluviatilis) compared to their parasites (Acanthocephalus lucii; Brázová et al. 2012a) but
are inconsistent with studies of the accumulation of
PCBs in salmon (Salmo salar) infected with the tapeworm Eubothrium crassum (Persson et al. 2007). A
characteristic feature of all cestodes is the absence of
an alimentary canal (Karvonen et al. 2013). The lack of
an alimentary tract means that substances enter the
cestodes across the tegument. This structure is well
adapted for transport functions, since it is covered with
numerous microvilli resembling those lining the lumen
of the mammalian intestine (Bellay et al. 2015). It has
also been hypothesized that because cestodes cannot
synthesize their own cholesterols and fatty acids, they
efficiently obtain them from their host’s intestinal lumen
(Yang et al. 2009). Absorption of PCBs with the content
of the host intestinal lumen is thus probable.
In studies of metal accumulation, a biokinetic model
that explores the variability in metal accumulation in
situ has been applied to explain the variable bioaccumulation in organisms (McLeod et al. 2008). According to
the model, uptake and depuration parameters can be
estimated experimentally to provide testable predictions. We previously showed that R. argentea had lower
uptake rate constant for cadmium which was apparently
sequestered well, while L. intestinalis had higher uptake
rates of metals and low depuration rate resulting to
accumulation of higher amounts of Cd in parasites than
the fish host (Johnson et al. 2006). Currently, we lack
information on the uptake and depuration kinetics of
PCBs in fish and their respective parasites, and thus, we
have very little knowledge on the mechanistic explanation of high bioaccumulation of PCBs in different fish
species and parasites to warranty any conclusion. The
current results indicate higher concentration of PCBs in
parasites compared to the muscle of the fish host and
offer a possibility of studying further the prospect of
developing parasite-fish model for biomonitoring PCBs.
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Conclusion
In conclusion, this study provide data indicating that
the PCBs levels in Lake Victoria are moderate to high
and in some sites, it is comparable with ranges of the
PCB values found in other places of the world. The high
PCB in the sediments due to increase from diverse human activities are taken up by the fish and their
parasites. Comparatively, fish endoparasites
biomagnified PCBs than levels in the fish hosts. For
this, cestode parasites are potential biomonitors of the
degree of accumulation of PCBs in the aquatic environment and show corresponding increase with levels of
PCBs in sediments and fish.
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