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ABSTRACT

This study investigates the contamination levels of non-dioxin-like polychlorinated biphenyls (PCBs) in three fish
species (Oreochromis niloticus, Cyprinus carpio, and Sander lucioperca) from Al-Massira Dam, Morocco. The
sources of PCBs contamination include industrial activities and sewage treatment plants located in the watershed
of the Oum Rbiaa river, and lubricating oils from electric transformers rich in pyralene from nearby industries and
towns. Fish samples collected between July 2022 and June 2023 were analyzed using gas chromatography-mass
spectrometry to determine PCB concentrations. Results show varying PCB levels across species, with Sander lu-
cioperca (5.084 + 0.501) exhibiting the highest concentrations, followed by Cyprinus carpio (3.329 + 0.323) and
Oreochromis niloticus (2.167 &+ 0.201). Predominant congeners include PCB28, PCB52, PCB101, and PCB180,
reflecting species-specific accumulation patterns influenced by metabolic rates and dietary habits. Health risk as-
sessments indicate that while PCB levels generally comply with safety guidelines for fish consumption, lifetime
cancer risk (LCR) values exceed acceptable thresholds, particularly for adult and heavy fish consumers. Children,
more vulnerable due to higher exposure and dietary habits, also face elevated risks. Non-carcinogenic hazard quo-
tients (HQs) suggest high health risks for local fish consumers, emphasizing the need for ongoing monitoring and
dietary management to mitigate PCB exposure. Although fish from Al-Massira Dam generally contain PCB levels
below regulatory limits, their bioaccumulative nature underscores the importance of continued environmental
monitoring and dietary management to protect public health.

Keywords: polychlorinated biphenyls, PCB non-dioxine-like, Sander lucioperca, Cyprinus carpio, Oreochromis
niloticus.

INTRODUCTION

Environmental contamination by non-dioxin-
like polychlorinated biphenyls (PCBs) represents
a major global issue, exacerbated by rapid indus-
trialization and urbanization. These persistent or-
ganic pollutants, derived from various industrial
and commercial applications, pose significant
threats due to their widespread presence in the
environment, particularly in aquatic ecosystems.
Indeed, the multiple sources of occasional inputs
of PCBs are remobilization of PCBs contained
in polluted sediments, liquid discharges from

industries and sludge from sewage treatment
plants located in the watershed of the Oum Er-
Rbia River, uncontrolled emptying of old electri-
cal transformers (MEMEE, 2014), accidental or
deliberate leaks and spills from electrical appli-
ances or hydraulic circuits, and reinforcement
activities. Non-dioxin-like PCBs are synthetic
compounds related to dioxin-like PCBs but lack-
ing the same toxic properties (Henry et al., 2003;
Klocke et al., 2020).

Their physical and chemical characteris-
tics make them suitable for a range of industrial
uses, including lubricants, hydraulic fluids, and

121


https://orcid.org/0009-0009-8626-3605

Journal of Ecological Engineering 2025, 26(2), 121-133

insulation in electrical equipment. The histori-
cal use of non-dioxin-like PCBs raises concerns
about their long-term environmental impact
(Mort, 2017; Mrema et al., 2014).

Human exposure primarily occurs through
the food chain and drinking water (Pastorino et
al., 2021), posing a potential risk to public health.
PCBs accumulate in aquatic organisms, espe-
cially fish, through biomagnification: smaller fish
absorb these contaminants, and as larger preda-
tors consume them, PCB concentrations increase.
This process adversely affects fish health, leading
to reproductive disorders, immune system impair-
ments, and physical malformations (Morrison et
al., 2019). For humans, consuming contaminated
fish can result in serious health risks, including
neurological disorders and an increased risk of
cancer (Jansen et al., 2020).

Despite regulatory efforts, non-dioxin-like
PCBs continue to challenge environmental man-
agement and public health, necessitating ongoing
vigilance and effective policies to reduce their
presence (Klocke and Lein, 2020; Ravanipour
et al., 2022). The accumulation of these toxins
in aquatic ecosystems underscores the need for
monitoring fish as indicators of contamination
and implementing strict regulations to manage
PCB levels (Héader et al., 2020; Javed and Usmani,
2019). This study, the first of its kind in Morocco,
assesses environmental contaminants in three fish
species from the Almassira Dam lake: Pike perch
(Sander lucioperca), a top predator; common carp
(Cyprinus carpio), a benthivore; and Nile tilapia
(Oreochromis niloticus), an omnivore. These spe-
cies provide diverse insights into PCB contami-
nation levels and associated health risks.

MATERIALS AND METHODS

Study area

The Al Massira Dam, established in February
1979, serves as the centerpiece of the Oum Ra-
bia watershed development plan. Located in the
Settat province, 120 km southeast of Casablan-
ca (32°28°32” North, 7°32°15” West), this dam
is situated at an altitude of 385 m on the Oum
Er Rabia River. It stretches 30 km in length, with
a maximum width of 10 km and a depth reach-
ing up to 40 m, covering an area of 139 km? and
having a capacity of 2,760 million m*. The water
resources of this watershed primarily originate
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from the surface water of three major wadis as
well as groundwater.

The sources of contamination by polychlo-
rinated biphenyls (PCBs) in this area include
oils from recreational and fishing boat engines,
as well as industrial activities located in the wa-
tershed of the Oum Rabia River. Lubricating oils
from transformers containing pyralene, sourced
from nearby industries and towns, also contribute
to this pollution. Additionally, improperly dis-
posed plastic waste represents a significant source
of contaminants (MEMEE, 2014).

PCBs enter the ecosystem through several
pathways. Firstly, surface runoff during rainfall
can transport these pollutants from spill areas into
watercourses and ultimately into the dam. Sec-
ondly, industrial discharges may release contam-
inated wastewater directly into the Oum Rabia
River. Lastly, soil erosion and sediment resuspen-
sion can release accumulated PCBs, increasing
their concentration in the water (Figure 1).

Sampling

A total of seventy-two specimens (n = 24 for
each species) of Oreochromis niloticus (20.5 cm
to 45.8 cm), Cyprinus carpio (21.2 c¢cm to 44.5
cm), and Sander lucioperca (26.3 cm to 50.7 cm)
were purchased from local fishermen at the Al
Massira Dam between July 2022 and June 2023.
Upon capture, the fish were initially transported
by the fishermen in large refrigerated containers
equipped with freezers, ensuring low tempera-
tures to minimize stress and decomposition. Af-
ter purchase, the fish were placed in an insulated
container with sufficient ice to maintain low tem-
peratures during transport to the laboratory. Upon
arrival at the laboratory, the specimens were im-
mediately stored in a freezer at -20 °C to preserve
their integrity until analysis. At the time of dis-
section, the fish were washed with distilled water,
then dissected from the vertebral column to the
dorsal fin, and the skin was removed to expose
the muscle tissues.

Extraction and instrumental analysis

The first step involves preparing the samples.
After freeze-drying and pulverizing the biota
to ensure maximum homogeneity, 5 g of each
sample are accurately weighed. This weighing
is crucial to ensure the reproducibility of the
results. The samples are then placed in Teflon
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Figure 1. Location of the Al Massira Dam on the map of Morocco (Mapcarta, 2024)

tubes, and 30 mL of a mixture of hexane and ac-
etone (27 mL of hexane and 3 mL of acetone) are
added. This mixture is chosen for its ability to
efficiently extract PCBs, which are organic con-
taminants. Each tube is supplemented with the
addition of 100 pL of the internal standard. This
addition allows for the verification of prepara-
tion effects, calculation of extraction yield, and
compensation for variations in analysis, there-
by ensuring better accuracy of the final results.
After this meticulous preparation, the tubes are
subjected to digestion in a microwave oven at
120 °C for 30 minutes, with a gradual heating
phase. This step allows for the complete solu-
bilization of the PCBs, facilitating their extrac-
tion. Once digestion is complete, the resulting
liquid is recovered in a glass ampoule, and the
tubes are rinsed with hexane to ensure that all
contaminants are collected. The rinse liquid is
added to the ampoule. Next, the liquid is con-
densed under nitrogen until a volume of 1 mL
is obtained. This concentration process is essen-
tial for improving the detection of PCBs at low
concentrations. Following this, 5 mL of sulfuric
acid (H,SO,) are added and agitated. This step
helps to eliminate interferences, making the hex-
ane phase purer. Centrifugation at 4500 rpm for
5 minutes allows for the recovery of the hexane
phase containing the PCBs in a flask. For frac-
tionation, a florisil SPE cartridge is used. The
column is pre-rinsed with 10 mL of hexane, and
then the samples are added. After that, 10 mL of
hexane are added to recover the first fraction of
PCBs in a flask. The process is repeated with a
mixture of hexane and dichloromethane (9 mL
of hexane + 1 mL of dichloromethane) to obtain
the second fraction of PCBs in the same flask. It
is essential to control the drip rate at a pressure
not exceeding 0.2 bar to avoid any product loss.
Finally, the liquid is condensed under nitrogen

until a volume of 1 mL is obtained, and then
transferred to a 1 mL vial for further analysis.
For the analysis of organic micropollutants, an
Agilent 7890B gas chromatograph coupled with
an Agilent 5977B single quadrupole mass spec-
trometer and equipped with an automatic sample
changer was used (Cassi et al., 2019).

Statistical analysis

R software version 4.4.0 and Excel were used
to perform descriptive statistics. Analysis of vari-
ance (ANOVA) and Tukey tests were conducted
using R to compare concentrations of organo-
chlorine pesticides (PCBs) among different fish
muscles. Significance was defined at p < 0.05.
When comparing multiple PCBs levels in fish tis-
sues using ANOVA, data points below the detec-
tion limit (< BDL) were considered as zero using
the method outlined by Cohen (US EPA, 2006).

The PCB concentrations initially reported
in ng/g dry weight were converted to ng/g wet
weight as follows: Cww = Cdw/FC Where: Cww
represents the concentration in ng/g wet weight
(ww); Cdw is the concentration in ng/g dry weight
(Dw) and FC in the conversion factor.

NON-CARCINOGENIC RISK ASSESSMENT
FOR HUMAN HEALTH

To assess the health risks associated with hu-
man exposure to contaminated food, a system-
atic risk assessment approach was applied (USE-
PA, 2006). This assessment is based on criteria
adapted from USEPA (1996): (1) a standard body
weight of 30 kg for children around 10 years old
and 73.3 kg for adults, and (2) a fish consump-
tion rate of 13.87 kg per year in Morocco (Kasmi
et al., 2023; Azekour et al., 2020), with a higher
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consumption rate of 20.5 kg per year for regular
consumers (FAO, 2011). The formula for calculat-
ing the Estimated Average Daily Intake (EADI) is:

ug

Kg Congener concentration X Food consumption
EADI (%2 ) = &8 : =2 ()

yr Body weight

This calculation allows for the comparison of
the EADI to the reference dose (RfD), which in-
dicates the exposure level below which adverse
effects on sensitive populations are unlikely.

NONCARCINOGENIC HAZARD QUOTIENT

To determine the non-carcinogenic risk asso-
ciated with the consumption of PCB-contaminat-
ed fish, the Hazard Quotient (HQ) is calculated as
follows (Alla et al., 2013):

EADI
HQ =27 (2)
where: HQ represents the non-carcinogenic risk
quotient for PCBs, EADI is the Estimated
Average Daily Intake, and RfD is the ref-

erence dose.

Non-carcinogenic screening levels are set
with a target HQ of 1; an HQ greater than 1 indi-
cates a potential health risk.

CARCINOGENIC RISKTO HUMAN HEALTH

To assess oral exposure to PCBs in fish mus-
cle, we used the formula for the average daily
dose (ADD), which estimates the average PCB
exposure over a lifetime in terms of carcinogenic
substances (USEPA, 2000):

Cp X IR X EF X ED

ADD(mg/kg/day) = ————-——  (3)

where: Cp is the concentration of PCBs in fish (mg/
kg), IR is the ingestion rate, set at 0.038
kg/day for children and adults, and ap-
proximately 0.056 kg/day for frequent fish
consumers, EF is the exposure frequency
(365 days/year), ED is the exposure du-
ration over a lifetime (70 years for both
children and adults), B is body weight
(30 kg for children and 70 kg for adults),
and AT is the total lifetime (70 years x 365
days/year). The formula to calculate the
ADD for a 70-year exposure is:

Cp x IR

ADD (mg/kg/day) = ——- 4)
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LIFETIME CANCER RISK

The lifetime cancer risk (LCR) measures the
probability of developing cancer due to continu-
ous exposure over a long period. It reflects the
exposure level at which the likelihood of cancer
is 1 in 1 million for adults and 1 in 100,000 for
children. This risk is calculated as follows:

LCR=ADD x CSF (5)

where: CSF is the cancer slope factor, set at 2.0
mg/kg/day for PCBs (USEPA, 2009).

For carcinogenic risk, the carcinogenic risk
quotient is determined by:

ADD

HQ = oral RfD (6)

where: the oral RfD for acceptable daily intake
of PCBs is 0.00002 mg/kg/day. An HQ
greater than 1 is considered a health risk.

RESULT AND DISCUSSION

Distribution of PCBs non dioxine like among
fish muscles of Oreochromis niloticus,
Cyprinus carpio and Sander lucioperca

The mean concentration of XPCBs in O.
niloticus ranged from BDL to 9.085ng/g ww
(2.167 £ 0.201) in muscles, while in C. carpio,
it ranged from BDL to 12.169 ng/g ww (3.329 £+
0.323), and in S. lucioperca, it ranged from BDL
to 24.532ng/g ww (5.084 + 0.501) (Table 1). The
results of the analysis of variance showed that
the PCB content among the muscles of the three
species was significantly different (P = 0.0472 *),
and Tukey’s test results indicated a significant
difference between S. lucioperca and O. niloticus
(Padj = 0.0396262).

A higher concentration of PCBs was observed
in the muscles of S. lucioperca, followed by C.
carpio, and then by O. niloticus (Figure 2). This
is attributed to the lipophilic nature of PCBs,
which promotes their accumulation along the
food chain with increasing concentrations at each
trophic level (Borgé et al., 2022). S. lucioperca is
a top predator in aquatic ecosystems, frequently
feeding on other fish and aquatic organisms that
may contain high PCB concentrations. The feed-
ing behavior of pike perch, which often includes
consuming larger fish and crustaceans, signifi-
cantly contributes to PCB exposure. The capacity
to metabolize and eliminate contaminants varies
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among each species of these three fish (Brazova
et al., 2012; Nikoli¢ et al., 2023).

The muscles of these three species were ana-
lyzed for the presence of four non-dioxin-like
PCBs (PCB28, PCB52, PCB101, PCB180). The
percentage of samples in which these investigat-
ed NDL-PCBs were not detected (LOD%) was
17.70% for O. niloticus, 30.20% for C. carpio,
and 29.16% for S. lucioperca, indicating wide-
spread contamination in the study area. Non-di-
oxin-like PCBs (NDL-PCBs) are prevalent in the
environment (Abramowicz,1985), and their ac-
cumulation in fish depends on various factors in-
cluding their concentration in water, the lifespan
of the fish species, and their fat content (Bartalini
et al., 2020; Trocino et al., 2009).

The main contributors of XNDL-PCBs in the
muscles of O. niloticus were PCB28 (35.36%),
followed by PCBI80 (25.62%), PCBI101
(22.01%), and PCB52 (17.01%). For C. carpio,
the order of PCB congener contributions was
PCBI101 (28.06%), PCB180 (28.06%), PCB28
(27.86%), and PCB52 (11.06%). In S. lucioperca,
the contributions were PCB101 (31.3%), PCB180
(29.3%), PCB28 (23.21%), and PCB52 (16.19%)
(Figure 3). These differences depend on the phys-
icochemical properties of PCBs, environmental
conditions, and the accumulation potential of
each fish. The differential distribution of PCBs in
fish muscle tissues provides clues about potential
contamination sources and exposure pathways
in the aquatic ecosystems from which these fish
were sampled (Beyer and Biziuk., 2009; Shaw
and Connell., 1984).

The six most commonly found congeners,
namely PCB-28, PCB-52, PCB-101, PCB-138,
PCB-153, and PCB-180, constitute approximate-
ly 50% of all PCB congeners found in animal-de-
rived foods and human fats, and are referred to
as PCB indicators (Arnich et al., 2009). Among
these PCB indicators, PCB-180, which is highly
persistent, has been subject to specific regulations
in some European countries and has a half-life of
up to 9.9 years. PCB-28, PCB-52, and PCB-101,
less persistent with respective half-lives of up to
4.8 years, 5.5 years, and 5.7 years (Elabbas et al.,
2013), are considered indicators of recent con-
tamination (Arnich ef al., 2009).

Carnivorous fish, occupying the highest troph-
ic level in the ecosystem, generally have a higher
lipid content compared to other fish with different
feeding habits. Previous research has also demon-
strated that carnivorous fish tend to accumulate

higher levels of PCBs, lipophilic pollutants that
accumulate extensively in adipose tissue. Re-
cent research has demonstrated that adipocytes
from various cell culture models can accumulate
markedly different levels of PCB28, even when
exposed to the same initial concentration in the
culture medium. This accumulation was found to
have a strong correlation with the quantity of tri-
glycerides stored in the cells. (Bourez ez al., 2013).

In our study, S. lucioperca exhibited higher
concentrations of NDL-PCBs compared to O.
niloticus and C. carpio (Table 1). Our results
align with those found in Italy (Squadrone ef al.,
2015) and differ from those observed in Poland,
Norway, and Scotland (Mikolajczyk et al., 2020;
Pohotela et al., 2022).

Differences and similarities observed in con-
tamination levels result from the specific character-
istics of each fish species, such as their metabolic
rate, body size, and detoxification capacity. These
individual factors can influence the accumulation
and metabolism capacity of contaminants in fish
muscle tissues, as well as pollution levels in each
study area (Redondo-Lopez et al., 2022).

This study, the first in Morocco to specifical-
ly focus on PCB concentrations in fish, particu-
larly in Oreochromis niloticus, Cyprinus carpio,
and Sander lucioperca at the Al-Massira dam,
provides significant insights into local contami-
nation levels. Other studies on Moroccan aquatic
ecosystems also report elevated PCB levels. For
instance, in the Oualidia lagoon, sediments exhib-
it PCBs concentrations reaching 18.6 ng/g (Jayed
et al.,, 2015), indicating persistent contamina-
tion and potential exposure for benthic species.
Similarly, analyses conducted by Bouchaib et al.
(2007) in the Moulay Bousselham lagoon reveal
PCB concentrations in mullet tissues of up to
82.39 ng/g, highlighting concerning bioaccumu-
lation in this ecosystem. Along the Mediterranean
coast, between Tangier and Al Hoceima, Kessabi
et al. (1988) measured up to 500 ng/g of organo-
chlorine contaminants, including PCBs, in indus-
trial effluents, representing a significant pollution
source in the coastal waters of the region. These
findings demonstrate that PCB contamination is
present across various Moroccan aquatic ecosys-
tems, underscoring a widespread environmental
issue. The PCBs present in water and sediments
bioaccumulate in fish, increasing risks to eco-
system health and consumer safety. This empha-
sizes the importance of proactive environmental
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Figure 2. Mean concentration (+ SE) of PCBs in fish muscles of C.carpio, O.niloticus and S. lucioperca

management to mitigate the impacts of these per-
sistent pollutants.

The coefficients of determination (R?) ob-
tained for the four types of PCBs (PCB28,
PCB52, PCB101, and PCB180) indicate that the
fish body length explains only a very small por-
tion of the variance in PCB levels in Oreochromis
niloticus (0.32% to 2.03%), Cyprinus carpio
(0% to 0.3%), and Sander lucioperca (0.18% to
3.98%), (Figure 4, 5 and 6 respectively). These
results align with the findings of previous studies,

100

22.01%

75

50

Percentage contribution of PCBs

25

C.carpio

AT.01%

suggesting that other biological factors, such as
metabolic rate, detoxification capacity, and lipid
content of tissues, have a more significant influ-
ence on PCB bioaccumulation in fish (Polder et
al., 2014; Barakat et al., 2017). In O. niloticus,
the negative regression coefficients for PCB52
and PCB180 indicate a slight decrease in PCB
levels with increasing length, while PCB28 and
PCBI101 exhibit positive coefficients, albeit non-
significant (p > 0.05). A study conducted by Pol-
der et al. (2014) on tilapias in various African

31.3%

OCPs
PCB101

B rca1a0
B Fcez=

PCBas2

16.19%

O.niloficus S.lucioperca

Fish species

Figure 3. Percentage contributions of PCB28, PCB52, PCB101 and PCB180, in muscles
of C. carpio, O. niloticus and S. lucioperca
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lakes demonstrated that PCB bioaccumulation
varies according to environmental conditions and
pollution sources specific to each site. In particu-
lar, the low detoxification capacity of O. niloti-
cus may contribute to the accumulation of meta-
bolically resistant PCBs, such as PCB153 and
PCB180, due to limited enzymatic degradation
(Arellano-Aguilar et al., 2009).

For S. lucioperca, the low R? values, com-
bined with the negative coefficients for PCB52
and PCB180, suggest that body length has a mini-
mal effect on PCB bioaccumulation. The positive
coefficients for PCB28 and PCB101 may reflect a
trophic bioamplification effect, as this species oc-
cupies a high position in the food chain (Nikoli¢
et al., 2021). Furthermore, detoxification capaci-
ties dependent on cytochrome P450, particularly
P4501A and P4502B, play a crucial role in the
metabolism of specific PCB congeners, although
this enzymatic activity is limited for certain per-
sistent congeners (Kania-Korwel et al., 2016).

For C. carpio, the results reveal extremely
low R? values, suggesting that body length has

R?= 0001

2a=0785
b=0068
8
®
|
Log of Total Length
R*=0.004
a=0.388
b=0174
g
! '_——-‘_———_-_——-_—-____
g
-
Log of Total Length

virtually no influence on PCB levels. This ben-
thic and long-lived species is often in direct con-
tact with contaminated sediments, which could
explain the increased accumulation of PCBs in
its tissues (Tian et al., 2012). According to Pérez-
Fuentetaja et al. (2010), PCBs preferentially ac-
cumulate in the fat tissues of C. carpio, a charac-
teristic exacerbated by the limited capacity of this
species to metabolize the most resistant PCBs.

These differences among species in PCB
bioaccumulation may be explained by varia-
tions in metabolic rate, detoxification capacity,
and feeding behavior. Madenjian et al. (2011)
show that fish with a rapid metabolism tend
to eliminate certain PCB congeners more ef-
ficiently, thereby reducing their accumulation.
These findings suggest that while body length
has a limited impact on PCBs levels, bioaccu-
mulation is more influenced by biological and
environmental factors specific to each species,
as confirmed by the work of Polder et al. (2014)
and Barakat et al. (2017).

R?*=0.003
a=04864
b=0.138

Log of PCB101

14
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R*=0.02
a= 1651
b=.0257

Log of PCBS2

\
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Figure 4. Relationship between total length and PCB28, PCB52, PCB101,
and PCB180 concentrations in O. niloticus
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Figure 5. Relationship between total length and PCB28, PCB52, PCB101,
and PCB180 concentrations in C. carpio

RISK ASSESSMENT OF NDL-PCBS
CONGENERS IN O. NILOTICUS; C. CARPIO;
S.LUCIOPERCA

Persistent organic pollutants (POPs), includ-
ing PCBs, are particularly worrisome because of
their long-lasting presence and tendency to accu-
mulate in the food chain, leading to adverse ef-
fects on various organisms. Human exposure to
PCBs is predominantly through diet, with nearly
90% of intake coming from food sources. Al-
though fish constitutes a relatively minor compo-
nent of the overall human diet compared to other
food groups like meat and dairy products, it can
account for up to 50% of PCB exposure (Kivi-
ranta et al., 2005). Additionally, certain popula-
tions may face elevated PCB levels due to their
specific eating patterns. Consequently, the aquatic
environment plays a crucial role in the introduc-
tion of PCBs into the food chain.

To evaluate the effects of PCB28, PCB52,
PCB101, and PCB180 concentrations on hu-
man health, the levels of these contaminants in
the muscles of O. niloticus, C. carpio, and S.
lucioperca were compared to international stan-
dards, as shown in Table 1. These concentrations
were found to be below the safe threshold of 2
ppm for fish established by the United States
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Environmental Protection Agency (USEPA,
2000). However, PCB levels may still pose a di-
rect health risk, particularly for low-income fami-
lies and frequent fish consumers from the Al Mas-
sira dam region.

Estimated average daily intake

The EADI was based on the measured concen-
tration of PCBs in fish from Al Massira Dam for a
child weighing 30 kg and an adult weighing 73.3
kg, with a consumption rate of 13.87 kg per year
for both children and adults, and a consumption
of 56.164 kg per year for heavy fish consumers.
At the mean concentration, the EADI ranged from
0.00062 to 0.0011 for children; from 0.00025 to
0.00048 for adults; and from 0.00038 to 0.00071
for heavy consumers of O. niloticus. It ranged
from 0.00071 to 0.0014 for children; from 0.00029
to 0.00096 for adults; and from 0.00043 to 0.00141
for heavy consumers of C. carpio. For S. lucioper-
ca, it ranged from 0.0016 to 0.0036 for children;
from 0.00065 to 0.0014 for adults; and from
0.00096 to 0.00219 for heavy consumers (Table 2).

The non-carcinogenic hazard quotient (HQ) for
humans exposed to PCBs via the ingestion of con-
taminated fish was evaluated. The HQ values for
children, adults, and frequent fish consumers were
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Figure 6. Relationship between total length and PCB28, PCB52, PCB101, and PCB180 concentrations
in S. lucioperca

Table 1. Comparison of Mean concentration (= SE) NDL-PCBs (ng/g ww) reported in muscles of fish species

from regions in the world (range in bold)

Region Species PCB28 PCB52 PCB101 PCB180 NdI-PCBs References
Morocco Oreochromis | 2.418 £ 0.501 | 1.392 + 0.236 | 2.054 + 0.381 | 2.554 + 0.553 | 2.167 + 0.201 This stud
niloticus BDL-8.193 BDL-4.721 BDL-6.531 BDL-9.085 BDL-9.085 Y
Morocco Cyprinus 2.714 £0.491 | 1.834 £ 0.328 | 4.055+ 0.798 | 4.712 £ 0.721 | 3.329 + 0.323 This stud
carpio BDL- 8.073 BDL-6.256 | BDL-12.169 | BDL- 11.582 | BDL-12.169 Y
Morocco Sander 4.774+0.84 | 2.913+0.476 | 4.787 +£0.998 | 7.860 + 1.295 | 5.084 + 0.501 This stud
lucioperca BDL-13.434 BDL-8.385 BDL-16.638 | BDL-24.532 | BDL-24.532 Y
Gadus 3 3 3 Karl et al.,
Kattegat morhua 0.2x10 0.4 x10 0.3x10 2009
Coast of Gadus 3 3 3 Karl et al.,
Poland morhua 0.1x10 0.4 %10 0.2%10 2009
. 1.17 £ 0.33 | Mikolajczyk et
Poland pike 0.94-1.41 al., 2020
Poland Blicca 26.81 £ 2.35 | Mikolajczyk et
bjoerkna 25.37-29.52 al., 2020
Squadrone et
Italy Salmo trutta 2.98 4.65 2.73 6.77 al., 2015
Barbus Squadrone et
Italy barbus 1.22 1.27 1.22 5.30 al, 2015
Anguilla Squadrone et
Italy anguilla 2.06 3.3 3.7 29.37 al. 2015
Norway- Atlantic | 165 + 0,048 | 0.258 + 0.089 | 0.448 + 0.239 | 0.337 £ 0.102 | 3.54+1.23 | Fonoreld etal
Central salmon ., 2022
Scotland Atantic 0.288+0.237 | 0.175+0.131 | 147 £0.685 | ' onorela et
salmon al., 2022

all below 1 (Table 3). These results indicate a low
non-carcinogenic health risk for populations fishing
in the Al Massira Dam, suggesting that consuming
fish from this dam presents a low risk to health.

LCR and hazard index

The lifetime cancer risk (LCR) values (Ta-
bles 4 and 5) for consumption of O. niloticus
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Table 2. The estimated Average dayly intake (EADI) for NDL-PCBs concentrations in muscles of Oreochromis
niloticus, Cyprinus carpio and Sander lucioperca from Barrage Al-Massira, Morocco

Oreochromis niloticus Cyprinus carpio Sander lucioperca
PCBS 1 Chitdren | Adult CO':;’;‘;LS Children |  Adult Co?:jmrs Children |  Adult Co:::;’]’érs
PCB28 0.0011 0.00045 0.00066 0.00145 | 0.00059 0.00088 0.00194 | 0.00079 0.00117
PCB52 0.00062 0.00026 0.00039 0.00072 | 0.00029 0.00043 0.00160 | 0.00079 0.00097
PCB101 0.00094 0.00039 0.00057 0.00234 | 0.00096 0.00141 0.00193 | 0.00079 0.00117
PCB180 0.00117 0.00048 0.00071 0.00216 | 0.00088 0.00130 0.00363 | 0.00148 0.00219

Table 3. The non- carcinogenic hazard quotient (HQ) for NDL-PCBs congeners detected in the muscles of three
fish species Oreochromis niloticus, Cyprinus carpio and Sander lucioperca from Al Massira Reservoir Morocco

Oreochromis niloticus Cyprinus carpio Sander lucioperca
PCBS 1 Chitdren | Adult co:sejr:?;rs Children |  Adult Co'::j;’;rs Children |  Adult Co:::;’]’;rs
PCB28 0.005 0.00225 0.00332 0.00725 0.00297 0.00439 0.0097 0.00395 0.00587
PCB52 0.0031 0.00128 0.00193 0.00358 0.00146 0.00216 0.008 0.00328 0.00484
PCB101 0.0094 0.00194 0.00286 0.0117 0.00345 0.00705 0.00965 0.00395 0.00584
PCB180 | 0.00585 0.00241 0.00356 0.0108 0.0044 0.00654 0.01815 0.00742 0.01096

contaminated with 4 non-dioxin-like PCBs were
between 0.00027 and 0.00051 for children, be-
tween 0.00014 and 0.00026 for adults, and be-
tween 0.0002 and 0.00038 for heavy fish con-
sumers. The LCR for consumption of C. carpio
contaminated ranged from 0.00031 to 0.001 for
children, from 0.00016 to 0.00052 for adults, and
from 0.00023 to 0.00077 for heavy fish consum-
ers. For consumption of contaminated S. /ucioper-
ca, LCR values varied from 0.00083 to 0.0015
for children, from 0.00036 to 0.00081 for adults,
and from 0.00052 to 0.00119 for heavy consum-
ers of this fish. The LCR values in our study are
higher than the theoretical risk threshold of 1.0E-
06 or 1 in 1,000,000. This suggests that exposure
to PCBs through consumption of these three spe-
cies of contaminated fish may pose an increased
cancer risk for adults, especially those who are
heavy consumers of fish, and for children who are
generally more vulnerable to the effects of toxic

substances due to their metabolism and ongoing
development. It may be recommended to limit
consumption of these fish or implement measures
to reduce PCB exposure to minimize health risks.
Children are more susceptible to adverse health
effects than adults due to their developing im-
mune systems. Additionally, children are at higher
trophic levels in the food web and are directly ex-
posed to potential contaminants (Damstra, 2002).
The hazard quotient (HQ) values were significant-
ly higher than 1 for the three fish species among
children, adults, and high fish consumers (Table
6). Furthermore, while the method assesses can-
cer risk for each individual PCB, it’s important to
note that fish may contain mixtures of PCBs, and
the combined effects of these chemicals may differ
from those of individual chemicals alone. Addi-
tionally, exposure assessment relies on measured
concentrations of PCBs in fish muscles, which
may not fully represent actual exposure levels due

Table 4. The average daily intake (ADD) of NDL-PCBs over a lifetime of consumption of three fish species
Oreochromis niloticus, Cyprinus carpio and Sander lucioperca from Al Massira reservoir Morocco

Oreochromis niloticus Cyprinus carpio Sander lucioperca
PCBS T Chitdren | Adult CO':;’S;’;S Children |  Adult Coﬁ::;’érs Children |  Adult CO':::;’;FS
PCB28 0.00024 0.00012 0.00018 0.00031 | 0.00016 0.00024 0.00042 | 0.00022 0.00032
PCB52 0.00013 0.00007 0.0001 0.00015 | 0.00008 0.00012 0.00034 | 0.00018 0.00026
PCB101 0.0002 0.00011 0.00016 0.00051 | 0.00026 0.00037 0.00042 | 0.00022 0.00032
PCB180 | 0.00025 0.00013 0.00019 0.00047 | 0.00024 0.00036 0.00079 | 0.00041 0.0006
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Table 5. Lifetime cancer risk (LCR) for children, adult and heavy consumers of three fish species Oreochromis
niloticus, Cyprinus carpio and Sander lucioperca from Al Massira reservoir Morocco

Oreochromis niloticus Cyprinus carpio Sander lucioperca
PCBS 1 Chitdren | Adult CO':;’;‘;LS Children |  Adult Co?:jmrs Children |  Adult Co:::;’]’érs
PCB28 0.00048 0.00024 0.00036 0.00062 | 0.00032 0.00048 0.00084 | 0.00044 0.00064
PCB52 0.00026 0.00014 0.0002 0.00030 | 0.00016 0.00024 0.00068 | 0.00032 0.00052
PCB101 0.0004 0.00022 0.00032 0.00102 | 0.00052 0.00074 0.00084 | 0.00044 0.00064
PCB180 | 0.00050 0.00026 0.00038 0.00094 | 0.00048 0.00072 0.00016 | 0.00082 0.0012

Table 6. Hazard index (HI) for children, adult and heavy consumers of three fish species Oreochromis niloticus,
Cyprinus carpio and Sander lucioperca from Al Massira reservoir Morocco

Oreochromis niloticus Cyprinus carpio Sander lucioperca
PCBS 1 Chitdren | Adult CO':Sel‘;"r‘;irs Children |  Adult co?sefr?;rs Children |  Adult Co:::;’]’;rs
PCB28 12 6 9 15.5 12 21 1 16
PCB52 6.5 3.5 5 7.5 6 17 9 13
PCB101 10 5.5 8 25.5 13 18.5 21 1 16
PCB180 12.5 6.5 9.5 235 12 18 39.5 20.5 30

to factors such as bioaccumulation, variability in
fish consumption habits, and differences in cook-
ing methods. Moreover, assuming that individuals
are consistently exposed to PCBs at the evaluated
levels throughout their lifetime may not accurately
reflect real exposure scenarios, especially consid-
ering potential changes in PCB levels over time.
This highlights the dynamic nature of PCB expo-
sure across a lifetime, ignoring possible variations
in exposure over time. PCB levels in the environ-
ment can vary due to factors such as agricultural
practices, environmental regulations, industrial
production methods, and evolving consumption
patterns (Qu et al., 2015; Thiombane ef al., 2018).

CONCLUSIONS

The concentrations of PCBs in the studied
fish were generally below the safety levels rec-
ommended by the US Environmental Protection
Agency (USEPA). However, despite these rela-
tively low levels, the values of the Lifetime Can-
cer Risk (LCR) exceed the theoretical risk thresh-
old for long-term daily exposure, indicating an
increased cancer risk for adults, with a probability
exceeding 1 in 1,000,000, as well as for children,
whose risk exceeds 1 in 100,000. While consum-
ing fish from the Al Massira Dam poses poten-
tial health risks, these can be mitigated through

careful consumption management and rigorous
monitoring of environmental contamination.

To improve the management of PCBs, it is
recommended to establish regular monitoring of
affected aquatic ecosystems, implement enhanced
controls on industrial discharges, and conduct
awareness-raising measures for the population re-
garding the risks associated with consuming con-
taminated fish. Additionally, guidelines to limit
consumption in at-risk areas, along with rehabilita-
tion actions such as sediment cleanup and the es-
tablishment of protected areas, will contribute to re-
ducing exposure and preserving ecosystem health.
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