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Abstract
Sediment and fish (Oreochromis niloticus) samples collected
from Lake Manzala were analyzed to assess the spatial distri-
bution of OCPs and 96 PCBs. Relatively higher concentra-
tions of chlorpyrifos, ∑DDT, and HCB were found, particu-
larly at the Bahr Al-Baqar drain station, which has uncon-
trolled inputs of untreated domestic, agricultural, and indus-
trial wastes. The concentrations of ∑PCBs ranged from 19 to
69 ng/g dw and from 7.4 to 29 ng/g dw for sediment and fish
samples, respectively. Ratios of DDT to its metabolites sug-
gest that the source of ∑DDT is from past usage of technical
DDT in the regions surrounding the lake. Sediment quality
guidelines were exceeded in 88, 75, and 42% of sediments
for the Effects Range Low (ERL) for ∑PCBs, ∑DDT, and
4,4′-DDE, respectively. Sediment from the Bahr Al-Baqar
drain exceeded the Probable Effects Level (PEL) for DDT
isomers 2,4′ and 4,4′. All fish samples from Lake Manzala
were well below action and tolerance levels set by US EPA
for ∑DDT, chlordane, dieldrin, heptachlor, mirex, and PCBs.

Highlights
& Distributions of OCPs and PCBs in sediment and tilapia

from Lake Manzala were investigated.
& Chlorpyrifos, ∑DDT, and HCB sediment concentrations

were spatially variable and relatively elevated.

& ∑96PCBs, ∑DDT, and 4,4′-DDE exceeded the Effects
Range Low in 88, 75, and 42% of the sediments,
respectively.

& The major input from Cairo, the Bahr Al-Baqar drain,
exceeded the Probable Effects Level for DDT isomers in
sediments.

& OCP and PCB concentrations in tilapia were below action
and tolerance levels set by the US-EPA.
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Introduction

Chlorinated pesticides (OCPs) and polychlorinated biphenyls
(PCBs) were routinely used in large quantities for agricultural
and industrial purposes. Due to their persistence, bioaccumu-
lation, and biomagnification, they are ubiquitous in the envi-
ronment and have been a global environmental concern for
decades (Fleming et al. 2006; Sheng et al. 2013).
Approximately 1,000,000 metric tons (MT) of OCPs were
used in Egypt between 1952 and 2003 (Mansour 2004).
Three major pesticides, namely, DDT (13,500 MT, 1952–
1971), lindane (11,300 MT, 1952–1978), and endrin (10,500
MT, 1961–1981), represented about 35% of the total organo-
chlorine pesticide used (El-Sebae et al. 1993). Between 1952
and 1990, these chemicals, with the addition of toxaphene,
constituted 41% of the total insecticide used on cotton fields
(El-Sebae et al. 1993). Annual commercial pesticide use in
Egypt decreased from 26,000 MT during the 1970s to
24,369 MT in the 1980s and to 17,000 MT during the 1990s
(−6.3 and −30%, respectively, Mansour 2004). DDT and lin-
dane were banned in Egypt in the early 1980s. Despite the
ban, the import of 80 pesticides, including DDT and lindane,
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continued but their use was restricted in 1996 based on a
Ministerial Decree (Barakat et al. 2013a).

In Egypt, few studies have been conducted to examine the
contamination levels of PCBs. These studies were limited to
specific locations such as the Red Sea Coast (Khaled et al.
2004), River Nile (El-Kady et al. 2007), Lakes Manzala and
Maryut (Barakat et al. 2012a, b), and Lake Qarun (Barakat
et al. 2013a). Concerns about the persistence and toxicity of
PCBs led to a worldwide ban in the late 1970s (Breivik et al.
2007); however, PCBs can still be formed, as unintentional
by-products, through the incineration of wastes and other in-
dustrial processes (Liu et al. 2009).

Adsorption processes play an effective role in transporting
OCPs and PCBs to sediments due to the large surface area of
sediment particles, ionic and hydrogen bonding, ligand ex-
change, and van der Waal forces (Tomlin 1994; Gevao et al.
2000; Xue et al. 2006). Fish at the top of the aquatic food web
are most likely to be adversely affected as they biomagnify
these contaminants to higher concentrations (Bervoets and
Blust 2003; Wang et al. 2011). Fish production in Egypt is
an important industry constituting about 6.9% of total agricul-
tural production. Egypt is the 8th largest aquaculture producer
in the world with a total production of 986,820 t (Elmenofi
et al. 2014; FAO 2013). Nile tilapia is the most popular fish
due to its low cost. The yearly consumption rate of fish in
Egypt has grown from 8.5 kg/person in 1996 to 15.4 kg/per-
son in 2008 (81%; Macfadyen et al. 2012). Lake Manzala, the
largest of the Nile Delta lakes, produces 30% of all the fish
consumed in Egypt. LakeManzala receives untreated sewage,
agricultural, and industrial wastes raising human health con-
cerns (Osfor et al. 1998).

The objective of this study was to determine the concentra-
tion and spatial distribution of OCPs and PCBs in sediment
and fish samples collected from Lake Manzala. Another ob-
jective is to compare the measured concentrations to Sediment
Quality Guidelines (Effects Range Low (ERL) and the Effects
Range Median (ERM)) in order to assess the quality of the
Lake Manzala aquatic ecosystem. The study documents con-
taminant concentrations that may be of concern and that will
allow for informed management decisions to be made.

Materials and methods

Study area description

Lake Manzala is located on the northeastern edge of the Nile
Delta, 170 km away from Cairo and 15 km from Port Said
(Fig. 1). Over the past several decades, the surface area of
LakeManzala has decreased by nearly 50% due to continuous
land reclamation projects with more reclamation activity
projected in the future unless action is taken to stop this trend
(United Nations 1998). Lake Manzala is a long shallow and

eutrophic environment with depth from 1.2 to 1.5 m (El-
Kholy et al. 2012).

Reagents and chemicals

Certified standards were purchased from Sigma-Aldrich (St.
Louis, MO, USA) with purities greater than 95%. Working
solutions were prepared by dilution to appropriate concentra-
tion. Hydrochloric acid (EM science), anhydrous sodium sul-
fate (J.T. Baker), Aldrich alumina oxide (∼150 mesh), Aldrich
silica gel (100–200 mesh), granular copper (20–30 mesh),
hexane, methylene chloride, methanol, and pentane (pesticide
grade) were used for the extraction and purification of these
samples.

Sampling

Sediment and Nile tilapia (Oreochromis niloticus) samples
(24 each) were collected from the eight stations (Fig. 1) in
May, June, and July of 2011. Stations were chosen to provide
spatial coverage including stations that could be used to assess
input sources. The sampling sites cover several locations re-
ceiving agricultural, domestic, and industrial wastes. The
south and southeast parts of the Lake receive freshwater from
five drains (Ayache et al. 2009) while the east part of the Lake
receives wastewater from Port Said Governorate (Gilpin
1995). One site (S2) covers the connection between the
Lake and the Mediterranean Sea. Surface sediments (0 to
10 cm) were collected using a stainless steel manual corer
and placed into pre-cleaned Teflon containers. Sediment sam-
ples from each monthly sampling were analyzed separately.
Sediments were dried at room temperature, homogenized
using a mortar and pestle, and stored at −20 °C until analysis.
Fish samples were obtained from fishermen at the same loca-
tions as the sediment samples. Fish samples were frozen be-
fore removing scales and skin. Fish samples from each loca-
tion were pooled into composite samples, homogenized,
freeze dried, and kept at −20 °C until analysis. The pooled
fish samples from each station for each month were analyzed
separately.

Extraction and cleanup

Surrogate standards 4,4-dibromooctafluorobiphenyl
(DBOFB), PCB103, and PCB198 were added to the samples
prior to extraction and used for quantification of analytes
(Wade et al. 1993). Extraction of OCPs and PCBs was carried
out on 5 g of dried sediment or fish samples using an acceler-
ated solvent extractor (Dionex, ASE 200). Activated copper
was added to the sediment extracts to remove elemental sulfur,
and the extracts were then purified from co-extractedmaterials
by alumina/silica column chromatography (see Barakat et al.
2012b for details). Tissue sample extracts were purified using
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alumina/silica column chromatography followed by gel per-
meation chromatography, as a further cleanup step.

Instrumental analysis

The OCPs and PCBswere analyzed by gas chromatography in
splitless mode using an electron capture detector (ECD). A
30 m × 0.25 mm i.d. fused silica column with a 0.25-μm
DB-5 bonded phase (J&W Scientific, Inc.) provided compo-
nent separation. The oven temperature was held for 1 min at
100 °C and then increased to 250 °C at 5 °C min−1, held for
1 min, and further to 300 °C at 10 °Cmin−1 with a final hold of
5 min. The internal standard, 2,4,5,6-tetrachloro-m-xylene

(TCMX), was added prior to GC/ECD analysis to determine
surrogate recoveries. The concentrations of target analytes
were calculated based on the response of calibration solutions
injected at four different concentrations while a standard so-
lution containing only PCBs was used to confirm the identi-
fication of PCB congeners.

Analytical quality assurance

Each analytical batch of 20 samples included a procedural
blank, a duplicate sample, a matrix spiked sample, and stan-
dard reference material to evaluate overall accuracy, sample
homogeneity, and analytical variability of the procedures used

edutignoLedutitaLnoitacoLfoemaN.oNnoitatS
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´91.11°23´62.61°13zahgoB-lA2S

´50.40°23´31.11°13reethsaBfotseW3S

´92.40°23´11.81°13hasmeT-lA4S

´83.40°23´58.31°13nageL5S

´51.00°23´62.41°13ydhseD-lA6S

´51.95°13´81.02°13armaH-lA7S

´31.60°23´10.70°13akniG-lA8S

Fig. 1 Sampling locations in Lake Manzala, Egypt (adapted from El-Kady et al. 2015)

Environ Sci Pollut Res (2017) 24:10301–10312 10303



for sample preparation and analysis. Surrogate recoveries in
sediment and tissue samples ranged from 63 to 119% and
from 68 to 119%, respectively. Recoveries of target analytes
in a sediment standard reference material [National Institute of
Standards and Technology (NIST) SRM 1944] ranged from
77 to 97% of the certified concentrations. For tissue samples,
the recoveries for NIST SRM 1947 (Lake Michigan Fish
Tissue) ranged from 102 to 131% of the certified concentra-
tion. Recoveries of target analytes in matrix spike samples
ranged from 78 to 102% and from 90 to 106% in sediment
and tissue samples, respectively.

Results and discussions

Sediment samples

PCB and OCP average concentrations (reported as ng/g
on a dry weight basis), standard deviations, relative per-
cent standard deviation (RPSD), and percent detection
frequency in sediment samples are reported (Table 1).
PCBs were detected at all sites with concentrations rang-
ing from 19 ng/g (Al-Boghaz site) to 69 ng/g (Bahr Al-
Deshdy site). The mean PCB concentrations were similar
across the lake with a range for the eight stations from 36
to 56 ng/g with the highest mean concentration at the
Bahr Al-Baqar drain. The RPSD ranged from 7 to 52%
for PCBs. This heterogeneity for sediment samples col-
lected for one station and multiple sites has been noted
in other studies (Wade et al. 2008) where the RPSD was
45% for sediment samples analyzed for PAH. Compared
with other studies in Egypt, PCB levels in sediment sam-
ples from Lake Manzala were lower than concentrations
reported for Alexandria harbor and Lake Maryut (Table 2,
Barakat et al. 2002, 2012b). In addition, the total concen-
tration of 29 PCB congeners in Lake Qarun was higher
than the levels reported in this study for 96 PCB conge-
ners. Indicator PCBs (congeners 28, 52, 101, 138, 153,
and 180) are very persistent and found in most environ-
mental samples. Together, they account for nearly 50% of
the commercial mixture of PCB formulations (Arnich
et al. 2009). For indicator PCBs, the Bahr Al-Baqar drain
contained the highest mean level followed by West of
Bashteer. Sediment samples collected from other locations
in Lake Manzala were comparable with average concen-
trations between 9.3 and 11 ng/g. Indicator PCBs consti-
tuted 22 to 32% of the total amount of 96 PCBs with an
average of 28% for all sediment samples. PCB 28 repre-
sented 32 to 85% of the total amount of indicator PCBs
with an average of 57% for all sediment samples. The
high percentage of PCB 28 was also reported for sediment
samples from the Nile River where it represented 26 to

45% of the sum of the same indicator PCBs (El-Kady
et al. 2007).

This may reflect the commercial PCB mixture used in
Egypt. PCB chlorination level congener distribution in sedi-
ments was generally in the order of di- (32%) > tri- (24%) >
penta- (18%) > tetra- (13%), and they constituted to be 75 to
92% of the total amount of PCBs (Fig. 2). In addition to the
fairly uniform distribution of PCB concentrations in Lake
Manzala sediments, the predominance of lower-chlorinated
biphenyls in sediment samples over the entire lake suggests
that long-range atmospheric transport may be a major source
of PCBs to the lake (Park et al. 2001, 2002; Dunnivant et al.
2002). The PCB concentrations in 88% of the sediment sam-
ples exceeded the ERL while none of them exceeded the
Probable Effects Levels (PEL) or the Effects Range Median
(ERM). This indicates that most of the sites have a low, al-
though possible, probability of experiencing adverse effects
from the PCBs.

Determination of DDTand its metabolites, DDD and DDE,
included both 4,4′ and 2,4′ isomers. The 2,4′ isomers were not
reported individually as their concentrations were below or
near the detection limit. DDTs were detected in all samples.
The mean concentrations of ∑DDTs ranged from 0.56 to
15 ng/g. These concentrations are comparable to Egyptian
locations from Lakes Manzala and Qarun (Barakat et al.
2012a, 2013a) and those along the Egyptian Mediterranean
Sea Coast (El Nemr and El-Sadaawy 2016) (Table 2).
However, the concentrations reported here are low compared
to data reported in samples from Alexandria harbor and Lake
Maryut, Egypt (Barakat et al. 2002), and high compared to
sediment samples from lakes Edku and Burullus, two of the
Mediterranean coastal lakes (Barakat et al. 2013b).

In Lake Manzala sediments, 4,4′-DDE and 4,4′-DDD con-
stituted 47 to 78 and 4.0 to 41%, respectively, of the total DDT
(Fig. 3a). With the exception of samples collected at Al-
Boghaz, Al-Deshdy, Al-Hamra, and Al-Ginka, 4,4′-DDT
was mostly below the limit of detection with frequency of
detection of 25% (Table 1).

All sediment samples had detectable concentrations of 4,4′-
DDE in agreement with data reported in sediments from Lake
Maryut, Alexandria, Egypt (Barakat et al. 2012b) while 4,4′-
DDD, 2,4′-DDT, and 4,4′-DDTwere found above the detection
limit in 71, 29, and 25% of the samples, respectively. The pre-
dominance of DDE and, to a lesser degree, DDD in these sam-
ples is consistent with the past history of DDT applications in
Egypt which were forbidden nearly 40 years ago. 4,4′-DDE was
also detected with the highest frequency in sediment samples
from Lake Qarun (97%, Barakat et al. 2013a) and Lake
Manzala (88%, Abbassy et al. 2003). DDE occurs as an impurity
in technical grade of DDT, but it can be produced by degradation,
under aerobic conditions, or by abiotic dehydrochlorination of
DDT isomers (Li et al. 2008; Guo et al. 2009). Estimates for the
half-life in sediment of 4,4′-DDE is 5–7 years (Thomas et al.
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2008; Toan et al. 2009). The frequency of past DDTapplications
to the soil suggests that the levels of DDE may persist for more
than two decades (Thomas et al. 2008).

DDT derivative ratios, such as those proposed by Hong
et al. (1999) [(4,4′-DDE+ 4,4′-DDD)/ 4,4′-DDT] and
Strandberg et al. (1998) (4,4′-DDT/ 4,4′-DDE), are generally
used to indicate recent or past usage of DDT; ratios >0.5 and
<0.5, respectively, indicate old application of DDT. Hong’s
ratios calculated for samples with detectable 4,4′-DDT ranged
from 2.01 to 13.7 while Strandberg’s ratios in these samples
ranged from 0.0 to 0.39 suggesting that both ratios indicate no
major current use of technical DDT in the region surrounding
Lake Manzala.

Between 1947 and 1988, in Egypt, usage of technical
hexachlorocyclohexane (HCH) was 0.047 MT, placing it in
the top ten countries for usage (Li 1999). For the technical
grade, α-HCH constitutes about 55–80% of HCHs followed
by β-(5–14%), γ-(12–14%), and then δ-HCH (2–10%)
(Buser and Muller 1995). The detection frequency of HCH
isomers was 96% for one or more of the HCH isomers. The
isomer relative abundances were γ-HCH > β-HCH > δ-HCH
>α-HCH. The concentrations of∑HCHs in sediment samples
ranged from <0.044 to 9.0 ng/g (Table 1). The ranges of γ-
HCH and β-HCH were detected in 79 and 71% of the sam-
ples, respectively, and at concentrations ranging from <0.098–
6.6 and <0.046–2.9 ng/g, respectively. The δ-HCH and α-
HCH isomers were rarely detected. Lindane (γ-HCH) was
used extensively in Egypt as a fumigant and to treat lice and
scabies in animals (Willett et al. 1998). Between 1952 and
1990, nearly 11,300 MTof lindane was used in Egypt for pest
control for cotton (El-Sebae et al. 1993). β-HCH is only a
trace component of technical HCH but is hydrophobic, has a
low vapor pressure, and is highly resistant to microbial deg-
radation, so it is considered as the most stable HCH isomer
(Lee et al. 2001; Doong et al. 2002; Yang et al. 2005). The
concentrations of HCHs detected in sediment samples from
Lake Manzala were higher compared to sediment values from
Alexandria Harbor (Barakat et al. 2002) and lakes Edku and
Burullus, Egypt (Barakat et al. 2013b). The highest concen-
trations reported in Lake Qarun (100.6 ng/g, Barakat et al.
2013a) and in the Mediterranean Sea coast (45.8 ng/g, El
Nemr and El-Sadaawy 2016) were 10 and 5 times higher than
the highest concentration found in the current study (9.0 ng/g,
Table 2).

Endrin was detected in only 12.5% of the samples collected
mainly along the northern part of the lake with concentrations
ranging from <0.05 to 0.77 ng/g. Concentrations of dieldrin
and aldrin ranged from <0.017 to 2.8 ng/g and from <0.020 to
3.6 ng/g, respectively. These concentrations were significantly
lower compared to studies conducted in Lake Qarun (Barakat
et al. 2013a) and higher than those reported in samples from
the Mediterranean coastal lakes (Barakat et al. 2013b).
Interestingly, aldrin and endrin were more prevalent inT
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sediments reported previously from Lake Manzala (Barakat
et al. 2012a). Comparatively, El Nemr and El-Sadaawy (2016)
reported aldrin at concentrations as high as 110 ng/g in sedi-
ment samples from the Mediterranean Sea coast; to our
knowledge, this would be the highest level detected in the
Egyptian aquatic environment.

Chlorpyrifos been extensively used in Egypt since its ap-
proval for application on 64 crops (El-Marsafy 2004).
Chlorpyrifos is still used intensively as an insecticide, partic-
ularly for cotton pest control (Farahat et al. 2011).
Chlorpyrifos was found in 96% of the sediment samples with
concentrations ranging from <0.25 ng/g (Al-Hamra site) to
30 ng/g (Bahr Al-Baqar drain site). The detection frequency
of chlorpyrifos in the current study was higher than those
reported in sediment samples collected from lakes Edku and
Burullus (85 and 71%, respectively), Alexandria Harbor
(26%), and Lake Maryut (62%) and a previous study for
LakeManzala (54%). The current concentrations for chlorpyr-
ifos are higher than those reported for lakes Edku and Burullus
as well as previously in Lake Manzala and are comparable
with levels found in Lake Maryut. Pentachloroanisole (PCA)
was detected at 87.5% of the sites at concentrations ranging
from <0.046 ng/g (West of Bashteer site) to 0.69 ng/g (Bahr
Al-Baqar drain site). PCA concentrations agree with previous
studies in Lake Manzala (Barakat et al. 2012a); however, the
concentrations detected in lakes Edku and Burullus (Barakat

et al. 2013b) were lower than levels encountered in the current
study.

HCB and other chlorobenzene compounds (i.e., 1,2,3,4-
tetrachlorobenzene) were found with high frequencies in these
samples (79 and 100%, respectively). The highest concentra-
tion of ∑CBs was found in the Bahr Al-Baqar drain while Al-
Temsah had the lowest concentration (8.6 and 0.46 ng/g, re-
spectively, Table 1). These concentrations are similar to those
reported for Lake Maryut, Alexandria, Egypt (Barakat et al.
2012b), but higher than levels reported for lakes Edku and
Burullus (Barakat et al. 2013b). Comparatively, Lake Qarun
had higher HCB concentrations (Barakat et al. 2013a,
Table 2).

Among chlordane-related compounds (CHLs), α-chlordane
represented up to 96% of the ∑CHLs and ranged from
0.51 ng/g (Al-Hamra site) to 2.4 ng/g, (Bahr Al-Baqar drain site).
γ-Chlordane was only detected in 29% of the samples with
concentrations ranging from <0.034 to 0.62 ng/g. The Bahr Al-
Baqar drain had the highest average concentration of the∑CHLs,
while sites located in the northern part of the lake (Al-Boghaz,
Al-Temsah, and Al-Hamra) had the lowest mean concentrations
(Table 1). This distribution might reflect the use of technical
grade of chlordane in Egypt as α-chlordane is one of the main
three components (Dearth and Hites 1991). Heptachlor and hep-
tachlor epoxide were only found in 12 and 17% of the samples,
respectively. The detection of heptachlor epoxide in these
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Fig. 2 Distribution patterns of
PCBs in sediment and fish
samples in Lake Manzala
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samples is lower than those found in Lake Qarun (91%, Barakat
et al. 2013a) and, previously, in Lake Manzala (55%, Barakat
et al. 2012a). South, southeast, and west portions of the Lake
receive freshwater from the main five drains called El-Sherw, El-
Gammaliah, Hadous, Ramsis, and Bahr El-Baqar (Ayache et al.
2009; Rasmussen et al. 2009). The combined inflow from these
drains represents 32 to 47% of the Lake’s volume (Thompson
et al. 2009). The east part of the Lake receives wastewater from
lagoons serving the Governorate of Port Said (Gilpin 1995). The
water discharged into the Lake is the major sources of micro-
pollutants, which derived from agricultural, industrial, and do-
mestic sources (Barakat 2004). On the other hand, Barakat
(2004) stated that the drainage of organochlorine compounds
(OCCs) in the coastal lagoon of Lake Manzala increased from
the early 1960s to a maximum recorded in the 1980s due to the
sedimentation rates in the Lake. After that, the levels of OCCs
have declined due to the restrictions of their usage.

Effects Range Low (ERL) and Effects Range Median
(ERM) suggested by Long et al. (1995) and Probable Effects
Levels (PEL) suggested by the Canadian Council of Ministers
of the Environment (CCME 2002) were used to assess
Manzala Lake’s sediments according to their ecotoxicological
risks. The ERL and ERM are 10th and 50th percentiles, re-
spectively, using the concentrations in sediments associated
with any adverse biological effects (Long et al. 1995). The
current results illustrated that the concentration of OCPs in
all sediment samples was much lower than that of the ERM
established by Long et al. (1995). However 75 and 42% of
sediment samples were above the Effects Range Low (ERL)
for total DDTs (1.58 ng/g) and 4,4′-DDE (2.2 ng/g), respec-
tively (Table 1). Endrin was above the ERL (0.02 ng/g) in
12% of the samples.With the exception of sediments collected
from the Bahr Al-Baqar drain, which had a concentration of
2,4′ + 4,4′-DDE (6.75 ng/g), all the sediment samples were
below the PEL set by the Canadian Council ofMinisters of the
Environment (Table 1).

Fish samples

PCB and OCP concentrations are reported on a nanogram per
gram dry weight basis; their detection frequencies, size, and
weight sample ranges are presented in Table 3. The mean
concentration of ∑96 PCBs in fish collected from Lake
Manzala ranged from 7.4 to 29 ng/g and was detected in all
samples collected. The RPSD for these triplicate PCB analy-
ses ranged from 16 to 46% indicating individual variability.
Based on our data, this variability was not the result of differ-
ing length or weight of the fish analyzed. The mean concen-
tration of ∑96 PCBs in fish collected from Lake Manzala was
12 ± 4.9 ng/g, at West of Bashteer, to 22 ± 4.2 ng/g, at Legan
and Al-Ginka, while the mean concentrations of indicator
PCBs ranged from 1.8 ± 0.85 ng/g (West of Bashteer) to
3.6 ± 0.84 ng/g (Bahr Al-Baqar drain). Detection frequencies

for indicator PCB congeners (i.e., 28, 52, 101, 138, 153, and
180) were 75, 88, 96, 96, 100, and 100%, respectively. The
indicator PCBs constituted 16% of the total amount of ∑96
PCBs in these samples. The mean concentrations of indicator
PCBs in tilapia from Lake Manzala (1.8–3.6 ng/g) are slightly
lower than values previously reported for the same species
collected from the Nile River (3.2–5.8 ng/g; El-Kady et al.
2007). On average, the pattern of PCB congener distribution
in tilapia was similar to the pattern observed in sediment sam-
ples and in the order di- (38%) > tri- (18%) > penta- (12%) >
tetra- (11%); they constituted 71 to 85% of the total amount of
PCBs (Fig. 2). In addition to indicator PCBs, congener nos.
56, 60, 66, 105, and 118 were also found to be dominant in the
studied fish samples. These PCB congeners contain chlorine
atoms in the 2,4-; 2,3,4-; 2,4,5-; 3,4,5-; and 2,3,4,5- positions,
which result in a higher resistance to biotransformation
(Brown and Lawton 2001; Megson et al. 2013).

Distribution of DDTs in fish was similar to the sediment
samples (Fig. 3b) with 4,4′-DDE contributing up to 86% of
the total DDT concentrations followed by 4,4′-DDD (7.3–
20%) and 4,4′-DDT (3.4–28%). Both 4,4′-DDE and
4,4′-DDD were detected in every sample while 4,4′- and
2,4′-DDT were found in 83 and 12% of the samples, respec-
tively. The concentrations of ∑DDTs in fish from Lake
Manzala ranged from 0.26 to 3.7 ng/g which are lower than
the concentrations previously reported for tilapia from lakes
Edku (110–250 ng/g), El-Burullus (6.0–38 ng/g),Maryut (19–
135 ng/g) (Badawy and El Dib 1984), the Nile River, and
Lake Manzala (156–280 and 120–280 ng/g, respectively;
Abou-Arab et al. 1995); a fish farm in Lake Manzala and fish
ponds in Suez (265–330 and 12–17 ng/g, respectively, Shereif
andMancy 1995); and a market in Assuit City (ND-9.15 ng/g;
Yahia and Elsharkawy 2014). In comparison, the DDT con-
centrations reported in samples collected from the Nozha
Hydrodrome, a small shallow lake, (0.11–0.48 ng/g; Hilmy
et al. 1983) were lower than the concentrations found in this
study.

Lindane and β-HCH were detected in 50 and 67% of the
samples analyzed with overall concentrations ranging from
<0.015 to 0.81 ng/g and from <0.038 to 5.0 ng/g, respectively,
while α and δ HCH were not detected. The predominance of
β-HCH can be explained by its higher stability and resistance
for microbial degradation (Yang et al. 2005). This finding was
supported by Szlinder-Richert et al. (2008) who noticed that
the proportion of β-HCH increased while γ- and α-HCHs
decreased in Baltic fish. The same distribution pattern of
HCH isomers was reported by Wang et al. (2013) with an
average of β-HCH of 68% of total HCHs in Lake Taihu,
China. The concentrations of γ-HCH in the present study
(<0.015–0.81 ng/g) are lower than those detected in fish sam-
ples from lakes Edku (<0.1–50 ng/g), El-Burullus (<0.1–
9.1 ng/g), and Maryut (6.0–55 ng/g) (Badawy and El Dib
1984), the Nile River and Lake Manzala (ND-11 and 9.5–
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16 ng/g, respectively; Abou-Arab et al. 1995); farms in Lake
Manzala and ponds in Suez (65–85 and ND-1.8 ng/g, respec-
tively; Shereif and Mancy 1995); and Assuit City (2.0–5.4 ng/
g; Yahia and Elsharkawy 2014).

Aldrin and dieldrin were detected in 38 and 13% of the
samples, respectively, at concentrations lower than previously
reported. In the present study, aldrin concentrations (<0.045–
0.22 ng/g) were lower than concentrations reported for Nile
River and Lake Manzala (5.1–14 and 18–75 ng/g, respective-
ly, Abou-Arab et al. 1995) and fish from a market in Assuit
City (0.8–4.8 ng/g; Yahia and Elsharkawy 2014). This may be
the result of a temporal decrease of Aldrin concentration be-
tween these two studies. Aldrin is converted quickly to diel-
drin which is more stable than aldrin (Montgomery 2000).
Endrin was not detected.

Chlorpyrifos was detected in all fish samples collected
from Lake Manzala with concentrations ranging from 0.96
to 3.3 ng/g, West of Bashteer and the Bahr Al-Baqar drain,
respectively. No clear trends can be observed regarding con-
centration distribution within the lake. Pentachloroanisole was
found in 92% of the samples with concentrations ranging be-
tween <0.020 and 0.58 ng/g.

∑Chlorobenzene concentrations in the lake (0.060–1.9 ng/
g) were dominated by 1,2,4,5-tetrachlorobenzene >1,2,3,4-
tetrachlorobenzene > pentachlorobenzene > hexachloroben-
zene (52, 27, 13, and 8%, on average, respectively).
Chlordane compounds were detected at very low concentra-
tions in fish collected from LakeManzala (<0.022–0.27 ng/g).

To protect humans from foods contaminated with pesti-
cides, PCBs, and other contaminants, the US Food and Drug
Administration established action and tolerance levels for fish
(US EPA 2000). Based on these action levels, concentrations
in all tilapia collected and analyzed from Lake Manzala were
well below levels of concern set for ∑DDT, chlordane, diel-
drin, heptachlor epoxide, mirex, and PCBs. The concentra-
tions of indicator PCBs in fish muscle were also found to be
much lower (0.22–0.98 ng/g w.w.) than the tolerance limit
recommended by the European Union for fish muscle
(75 ng/g w.w.) [Commission Regulation (EU) No.
1259/2011].

In general, the concentration means in fish samples were
lower by a factor of 2 for PCB, DDT, and CHLs in fish tissue
when compared to the sediment which indicates that
biomagnification is not an important process affecting tilapia
muscle tissue.

Conclusions

Concentrations of 96 PCBs ranged from 19 to 69 ng/g dw for
sediments and from 7.4 to 29 ng/g dw for tilapia fish. Indicator
PCBs represented 28 and 16% of the total 96 PCBs in sedi-
ments and fish samples, respectively. Lower chlorinated

biphenyls were predominant, suggesting a long-range atmo-
spheric transport of PCBs to the Lake. DDT levels were be-
tween 0.56 and 15 ng/g in sediment and between 0.26 and
3.7 ng/g in fish. DDT ratios indicated that DDT is from past
usage. Chlorpyrifos was detected in almost all sediment and
fish samples with concentrations ranging from <0.25 to 30 ng/
g and from 0.96 to 3.3 ng/g, respectively. It would be prudent
to continue monitoring of this pesticide that is currently in use
to see if it increases in the future. HCHs were found at con-
centrations from <0.044 to 9.0 ng/g and from <0.086 to
5.8 ng/g in sediment and fish, respectively. HCH isomeric
abundance was dominated by γ-HCH in sediments and by
β-HCH in tissues. The concentrations of total PCB, total
DDTs, and 4,4′-DDE in 88, 75, and 42% of sediments exceed
the ERL suggesting that the biota may be adversely effected at
those locations. Tilapia collected from Lake Manzala showed
similar PCB and DDT distribution patterns to the sediment.
The concentrations of OCPs and PCBs in tilapia tissue were
below the action and tolerance levels set by US EPA and the
European Union. Generally, the highest mean concentrations
are found at the Bahr Al-Baqar drain where stress by inputs of
domestic and untreated wastewater from the densely populat-
ed Greater Cairo area enters the lake. Agricultural wastes from
cultivated areas located in the Nile Delta (Rasmussen et al.
2009) impact the lake. The results provide evidence that Lake
Manzala has been impacted by some OCP and PCB periods.
Studies of other potential pollutants should be undertaken.
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