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INTRODUCTION

ABSTRACT

ioaccumulation pattern of heavy metals (HMs) emitted from urban

region of Kafr El-Zayat city was studied in attributing to oxidative

stress induction in freshwater mollusk, Lanistis carinatus. Regional
distribution of HMs in water, sediments, mollusk's tissues in collected sam-
ples from sites near industrial units showed significantly differences, respect
to reference site (rural). Measured metals: cadmium (Cd), lead (Pb), manga-
nese (Mn), copper (Cu), zinc (Zn), and iron (Fe) in the tissues were greater
than those found in water and sediments, representing bioconcentration fac-
tors (BCFs) in range (0.83-49.13) during summer and (0.00-24.85) during
winter for ratio of tissue/water. However, its ranged (0.09-29.25) during
summer and (0.00-8.05) during winter for ratio of tissue/sediments. On the
other hand, levels of malondialdehyde (MDA) in digestive glands of mol-
lusk from contaminated sites were greater than those of reference site. More-
over, significantly alterations were recorded for catalase (CAT), glutathione
peroxidase (GPx), and carbonyl protein (CP) in a positively correlation with
measured HMs. From all findings, it was obtained that use of cumulative
biomarkers with BCF may provide diagnostic tool to assess ecotoxicological
risk in ecosystem of industrial and urban regions.

tems can be considered as final sinks for envi-

Environmental pollution with heavy metals
(HMs) is known to be one of the most im-
portant problems in urban regions. HMs, de-
pendent on their oxidation state, can be highly
reactive and as a consequence toxic to most
organisms (Pinto ez al., 2003). Aquatic ecosys-

ronmental contaminants. Practically, water-
courses of urban regions are affected by high
inputs of mixtures of organic and inorganic
compounds from various sources, such as do-
mestic and industrial sewage waters, abrasion
from streets and vehicles (Papin et al., 2003;
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Mabher et al., 2005; van Metre and Mabhler,
2005).

Biomarkers studies are applied in the field
(biomonitoring), because they provide an inte-
grated view on how organisms are affected by
the bioavailable fraction of the pollution pre-
sent in the around media. So, HMs can biocon-
centrate and bioaccumulate in food chain and
contribute the chronic toxicity to aquatic or-
ganisms (Ahmad et al., 2010). Potential toxic
metals such as cadmium (Cd), nickel (Ni), lead
(Pb) and chromium (Cr) mainly have oxidative
potential effects than other metals such as iron
(Fe), zinc (Zn), copper (Cu), selenium (Se) and
manganese (Mn) which are essential for me-
tabolism. However, they become toxic when
their concentrations are excessive (Chang et
al., 1996).

The cytotoxicity of metals has been exten-
sively linked to oxidative damage Numerous
metals are already capable to induce oxidative
stress as well as in the presence of transition
metals, like Fe and Cu, O, and H,0, can gen-
erate OH through Fenton reaction (Valko et
al., 2005). Other non-transition metal ions can
also be implicated in reactive oxygen and ni-
trogen species (ROS/RNS) generation in mito-
chondria. Thus, potential role of ROS to dam-
age tissues and cellular components is called
oxidative stress. Oxidative stress occurs in liv-
ing organisms when the rate of generation of
oxygen radicals exceeds the rate of their de-
composition (Sies, 1986). The enzymatic de-
fenses degrade ROS directly such as superox-
ide dismutase (SOD) which catalyzes the dis-
mutation of two superoxide radicals to hydro-
gen peroxide. Catalase (CAT) and selenium-
dependent glutathione peroxidase (GPx) de-
grade H,O, (Halliwell and Gutteridge, 1999).
On the other hand, production of ROS can ini-
tiate lipid peroxidation (LPO) causing an intra-
cellular excess of malondialdehyde (MDA).
Also, exposure to ROS is known to cause a
range of reversible and irreversible covalent
modification of amino acid side-chains of pro-
teins (Chezzi and Bonetto, 2003). They alter
proteins structure or function. It has been sug-
gested that induction of protein carbonylation
may be a powerful addition to the battery of

biochemical endpoints in study of oxidative
stress in the environment (McDonagh et al.,
2005).

Mollusks are used as a good biomonitoring
of water pollution with HMs by being seden-
tary, hardly tolerant to high concentration of
pollutants, easy to identify and having enough
tissues for analysis. They reflect the high de-
gree of environmental contamination and are
the most useful biomarker tools. The use of
oxidative stress biomarkers is considered a po-
tential interest for pollutants impact assess-
ment or seasonal variation in animals under
field conditions (Regoli and Principato, 1995).
Moreover, the interaction between xenobiotic
and the components of the antioxidants de-
fense system plays an important role in the
ecotoxicological response of an organism to its
environment (Regoli et al.,, 2006). Therefore,
this study was conducted to use freshwater
mollusk, Lanistis carinatus to assess bio-
accumulation and oxidative stress effect of wa-
ter pollution with HMs in Kafr El-Zayat region
as an urban model.

2. MATERIAL AND METHODS
2.1. Studied area

This study was conducted in the Kafr El-
Zayat district of Egypt, which lies on the Nile
River (Rosetta branch). This area is one of the
main industrial regions and a number of large
factories, especially chemical industries: C1
(pesticides), C2 (fertilizers), C3 (oils & deter-
gents), C4 (brick making factories), C5 (salts
& acids) and C6 (textile) are located there.
Surface waters in this area are thought to be
adversely affected by discharges emitted from
industrial and urban sources. Five locations
were chosen near factories and urbanized areas
from which invertebrate were collected: Sl
(Belshay village), S2 (El-Demer area) and S3
(Afify area) are near urbanized discharges,
salts and pesticide factories, respectively. S4
(Benufer village) and S5 (Rosetta branch) are
near factories making pesticides, fertilizers,
textile and bricks, respectively (Figure 1). An-
other site, situated in a rural region was select-
ed as a likely less contaminated reference area
(S6), to compare risk factors.
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2.2. Heavy metals analysis
2.2.1. Water

Water samples from different sites as
marked in the geographic map were collected
periodically every season from 2018 to 2019.
Heavy metals (HMs) in water samples were
determined according to the method (APHA,
1998). About 250 ml of collected water were
filtered through Whattman filter paper (No.l)
and 5 ml of concentrated nitric acid were add-
ed. The samples were boiled to constant vol-
ume (5 ml). After cooling, the remained mix-
ture was dissolved in 3 ml of the acid, filtered
and completed to 25 ml with deionized water.

2.2.2. Sediments

The samples were taken by using simplified
equipment (auger) at a depth of 5 cm of sedi-
ment. The water was removed from the sedi-
ments before packed in a labeled polyethylene
bag and transferred to the laboratory in an ice-
box. The samples were air dried in the labora-
tory for 72 hr, before analysis. Five g of sieved
sediment were taken into 150 ml conical
flasks. So, 50 ml of 0.1M HCI was added and
the flask was agitated on an orbital shaker for
30 min. The content was filtered into 50 ml
standard flask and made up to mark with 0.1M
HCI for the determination of desirable metals
(Olowu et al., 2010).

2.2.3. Tissues

Gastropod, L. carinatus were collected and
transferred to laboratory in glass jars. Digestive
gland was dissected and frozen at -20 "C until
used. The samples were dried in an oven at 100
'C until constant weight and then mineralised
(Salvo et al., 1998). Ten millilitres of a nitric
acid/ sulphuric acid (4:1 v/v) mixture were
added to 1 g of sample and heated about 1 hr
on a hot plate provided with a magnetic agita-
tor and reflux condenser. After cooling, 10 ml
of concentrated HCI were added and the vol-
ume of the samples was reduced by heating
mantles. Finally, the samples were reduced to a
quantity of around 5 ml and diluted to 30 ml
with deionized water for analysis by Inductive
Coupled Plasma Optical Emission Spectrosco-
py (ICP-OES).

2.2.4. ICP-OES

All measurements were performed on Ag-
ilent microwave plasma model 4200 MP-
AES. An auto-sampler was used to deliver

samples to instrumental cyclonic spray cham-
ber with mass flow-controlled nebulizer gas
flow as 0.65 L/min. The instrument was oper-
ated in a fast sequential mode at rinse time 30
sec with stabilization time 15 sec and featured
to cooled CCD detection. Background and
spectral interferences could be easily correct-
ed and accurately using Agilent's MP Expert
Software.

The limits of detection (LODs) of meas-
ured metals were calculated as double the
standard deviation of a series of measure-
ments of a solution against the blank absorb-
ance (ISO/IEC, 1990). Working standards
were used and quality assurance procedures
and precautions were carried out to ensure
reliability of the results. The samples were
carefully handled and deionized water was
used to avoid contamination. A recovery ex-
periment was carried out by spiked the blank
with 50 and 100 ppm of multi-standards of
desired metals and the procedures were done
as described above. Table 1 highlights the val-
idation and accuracy among studied condi-
tions.

Bioconcentration factor (BCF) is defined as
the ratio between the chemical concentration in
organism (C, ) to the respective concentration
in the surrounding media (Cyeqia) (EC, 2011).

BCF = Corg./Cmedia

2.3. Biochemical quantifications

Half g was homogenized in 10 volumes (w/
v) of ice-cold saline solution using a polytron
homogenizer for 15 sec. The homogenate was
centrifuged at 5000 rpm for 20 min at 4 'C.
The homogenate was used as a source for LPO,
while supernatant was used for CAT and GPx
and total protein content.

2.3.1. LPO

The barbituric acid reactive substances
(TBARS) were used as an index of lipid perox-
idation according to Rice-Evans et al. (1991).
TBARS was determined by spectrophotometric
quantification of MDA content in tissues.
Briefly, 250 pl of tissue homogenate was
mixed with 1ml of 15% (w/v) trichloroacetic
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acid (TCA) in 25 mM HCI and 2 ml of thiobar-
bituric acid (TBA) (0.37%). The samples were
boiled for 10 min, quickly cooled, and imme-
diately centrifuged at 5000 rpm for 5 min.
Spectrophotometric determination was carried
out at 535 nm. MDA was quantified using an
extinction coefficient of 156 Mm™ and its con-
centration was expressed as mM/g tissue.

2.3.2. CAT

The enzyme activity was measured follow-
ing the decrease of absorbance at 240 nm due
to hydrogen peroxide (H,O,) consumption
(Beers et al., 1952). The reaction mixture con-
sisted of 1 ml of 12.5 mM H,O, (substrate), 2
ml of 66.7 mM phosphate buffer, pH 7.0 and
an aliquot of enzyme source. The activity was
expressed as U/g wet mass. The unit of CAT is
the amount of enzyme which liberates half the
peroxide oxygen from hydrogen peroxide solu-
tion of any concentration in 100 at 25 'C.

2.3.3. Glutathione peroxidase (GPx)

The enzyme activity was measured accord-
ing to Flohe and Gunzler (1984) by mixing
phosphate buffer solution (100 mM), EDTA
(50 mM), sodium azide (250 mM), H,0O, (10
mM) and enzyme in a cuvette. The change in
absorbance at 340 nm was recorded every 3
sec for 40 sec. The activity was expressed as
mU GPx/mg protein. One unit of GPx is de-
fined as the amount of enzyme necessary to
oxidize 1uM of NADPH per min.

2.3.4. Carbonyl protein (CP)

Oxidative damage to protein was quantified
as a carbonyl protein (CP) (Stedman and Lev-
ine, 2000). Frozen samples of tissues were
weighed, homogenized (1:20 w/v) in ice-cold
5% (w/v) sulfosalicylic acid and then centri-
fuged at 13000 rpm for 15 min at 4 C. The
supernatant was removed and 0.5 ml of 2, 4-
dinitrophenylhydrazine (10 mM/L in 2 mM of
HCI) solution was added to the pellet. The
samples were kept at room temperature for 1
hr with vigorous vortex every 15 min, then 0.5
ml of 20% w/v TCA was added and the tubes
were centrifuged as described above. The su-
pernatant was again discarded and the excess
of 2, 4-dinitrophenylhydrazine was removed
by washing the pellet three times with 1 ml of

ethanol: ethyl acetate (1:1 v/v), followed by
vigorous vortex and re-centrifuging as de-
scribed before. Finally, the pellet was dis-
solved in 6 M of guanidine chloride and incu-
bated for 15 min at 37 'C. The maximum ab-
sorbance in the range of 360-370 nm was rec-
orded and the find carbonyl protein values
were expressed by using the extinction coeffi-
cient of 22 mM™. The blank was prepared by
replacing 2,4-dinitrophenyl hydrazine with 2
mM HCI.

2.3.5. Protein content

Total protein was determined according to
the method of Lowry et al. (1951). Bovine se-
rum albumin (BSA) was used as a standard.

2.4. Statistical analysis

Analysis of variance (ANOVA) was used to
compare means among treatments. The least
square means were compared for significant
differences between treatments using Student-
Newman-Keels test (Sokel and Rohlf, 1969).
The regression coefficient (RC) between bio-
chemical parameters and HMs concentrations
was estimated, where the analysis was per-
formed on Costat program (Cohort software
Inc., 1985).

RESULTS
Determination of heavy metals in ecosystem.
Water, sediment and mollusk's samples
from the study area were screened for the lev-
els of Zn, Cu, Mn, Cd, Pb and Fe, respectively.
Levels of HMs in water samples are pre-
sented in Table (1). Distribution of metals in
summer was higher than those of winter of a
regional mean value 120.23 pg/L. During sum-
mer, levels of Mn and Fe were higher than oth-
er metals in all studied zones ranged from
668.04 to 64.31 pg/L for Mn and from 583.08
to 276.84 ng/L for Fe. However, mean levels
of metals were distributed in the following or-
der: Fe> Mn> Zn > Cu> Pb with mean values:
453.82, 241.57, 20.91, 4.90 and 0.20 pg/L, re-
spectively. During winter, Mn values were
higher than other metals which distributed
moderately, and mean values of metals were in
the order as follows: Mn> Cu> Zn> Pb> Fe>
Cd accounting for 168.26, 27.36, 25.83, 14.36,
9.02 and 4.16 pg/L, respectively.
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Table (2) represents HMs content in sedi-
ment samples from the studied zones. The data
showed that, Fe exhibited the greatest value
(325.72 pg/g) in S3, while Mn exhibited the
greatest one (320.52 pg/g) in S4 during sum-
mer. The metals were distributed in the follow-
ing order: Mn> Fe> Pb> Zn > Cu with mean
values: 108.63, 85.95, 40.03, 13.30 and 8.23
ng/g, respectively. During winter, Fe and Mn
exhibited the greatest values: 629.8 and 411.15
ug/g in S5, while other metals displayed no
significant differences in all selected sites. The
distribution pattern of HMs was as follows:
Fe> Mn> Cu> Zn > Pb> Cd with mean values:
105.68, 73.54, 3.26, 3.09, 0.81 and 0.26 pg/g,
respectively.

In case of mollusk's tissues, levels of HMs
during summer were greater than those during
winter. In fact, Fe exhibited the high contami-
nated status during both seasons with mean
values: 1891.42 and 224.15 ng/g during sum-
mer and winter, respectively. During summer,
HMs levels were as follows: Fe> Cu> Mn>
Zn> Pb> Cd with mean values: 1891.42,
240.75, 199.38, 19.28, 3.85 and 1.07 pg/g, re-
spectively. However, the distribution pattern
during winter was as follows: Fe> Cu> Mn>
Zn with mean values: 224.15, 114.25, 26.25
and 14.43 pg/g, respectively. Moreover, Cd
and Pb were below detection limits (Table 3).

The measured HMs exhibited BCFs in ani-
mal's tissue respect to their levels in the sur-
rounding media (Table 4). The measured HMs
displayed BCF pattern from tissue/sediment
greater than those from tissue/water. Between
water and mollusk's tissues, positively HM lev-
els showed BCF ranged from to 0.83 to 49.13
during summer and from 0.00 to 24.85 during
winter, arising mean values: 0.75, 25.05, 0.76,
0.54, 9.63 and 14.52 for Zn, Cu, Mn, Cd, Pb,
and Fe, respectively. In case of BCF obtained
from ratio of tissue/sediment, examined HMs
exhibited the range (0.09-29.25) during sum-
mer and the range (0.00-8.05) during winter
with mean values: 3.06, 18.65, 1.71, 0.54, 0.05
and 12.07 for metals as described above.

Biochemical responses.
MDA
Levels of MDA in digestive gland of fresh-

water mollusk, L. carinatus seasonally collect-
ed from different sites of studied area are illus-
trated in Figure (2). The obtained data showed
that, MDA levels during summer were greater
than those during other seasons as follows:
summer> winter> spring> autumn. During
summer, MDA levels exhibited the order: S3>
S2> S6> S4> S1>S5 with mean values: 5.27,
3.21, 2.67, 2.65, 1.81 and 1.59 mM/g tissue,
respectively. The lowest levels of MDA were
found during autumn with mean values: 0.17,
0.69, 2.37, 0.79, 1.28 and 0.84 mM/g tissue for
sites as described above. However, level in
mollusk's samples from S3 was greater than
other sites during all seasons.

Catalase (CAT).

Activity of CAT in haemolymph and tissue
homogenate of collected mollusk seasonally
are illustrated in Figures (3). The presented
data displayed that, mean values during au-
tumn were greater than others. During this sea-
son, the activity exhibited the following order:
S1> S3> S2> S4> S5> S6 with mean values:
6.59, 5.49, 4.79, 3.48, 3.07 and 2.35 nM/mg
tissue, respectively. In case of heamolymph,
CAT activity during autumn was greater than
others. In this season, the activity was in the
following order: S5> S2> S3> S4> S1> S6
with mean values: 70.37, 58.87, 45.11, 40.52,
31.28 and 19.88 nM/g tissue, respectively. In
fact, S6 (rural site) displayed the lowest values
during all seasons.

Glutathione peroxidase (GPx).

The activities of GPx in tissue's homogenate
of seasonally collected mollusk are illustrated
in Figure (). The highest mean values of GPx
activity were recorded during winter season as
follows: S4> S5> S3> S6> S1> S2 with mean
values: 2.06, 1.56, 0.09, 0.08, 0.04 and 0.03
nM/mg tissue, respectively. However, the low-
est values were recorded during autumn, 0.02,
0.03, 0.05 and 0.08 nM/mg for sites: S3, S6,
S2, S4, S1 and S5, respectively. Among sea-
sonally impact of pollutants on enzyme activi-
ty, winter exhibited the highest activity, fol-
lowed by spring and summer, respectively.

Carbonyl protein (CP).
Levels of CP in tissue's homogenate of
seasonally collected mollusk are illustrated in
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Figure (3). Levels of CP during winter was
greater than those during other seasons as fol-
lows: winter> autumn> spring> summer. Site
(S1) exhibited the greatest value of CP levels
during autumn and winter (0.237and 0.289
mM/L), respectively, while S5 exhibited the
lowest values of CP levels: 0.027, 0.017, 0.006
and 0.026 mM/L during spring, summer, au-
tumn and winter, respectively.

Relationship between HMs and biomarker
responses.

Among antioxidant enzymes or carbonyl pro-
tein (CP), it revealed negative correlation with
most metals, while Mn and Pb were the only
observed positive correlation with LPO and
carbonyl protein. In case of CAT, Zn, Cu and
Fe revealed positive correlation, while Mn, Cd
and Pb observed the negative one (Table 5).

Mediterrangan P f II
Sea i

Figure 1: Sampling sites and contaminants sources of Kafr El-Zayat region (http://earth.google.com).
Exposure sites are in order: S1 (Balshay v.); S2 (El-Demer zone.); S3 (Afify zone); S4 (Benufer
v); S5 (Rosetta branch) and S6 (Abdallah Basha v.)(reference zone), respectively.

89


http://earth.google.com

Abdel-Halim et al.

Egyptian Journal of Animal Health 1, 1 (2021), 84-98

6.00
5.00
4.00
3.00
2.00

level (mMm/g tissue)

1.00
0.00

350
300
250
200
150

% of control

100
50

as1

(82

ass3

os4a

bc

bc

BS5

bc

N =

Bs6

1111111}

e

HE

o
o

v

HE

bc

(LLCLETTERTERT DAY &

(LLLELTTRI:

Seasons

Figure 2: (A) Levels of MDA In tis sue homogenate of L. carinatus (mM/g tissue) and (B) % of control. Each
value is the mean of 3 replicates £SE. The same letters indicate no significant differences at 0.05 levels.

Activity (nmole/g tissue)
=~

Figure 3: Activity of CAT (nM/g tissue) in whole body tissue of freshwater mollusca, L. carinatus collected from Kafr

El-Zayat region.

as1 152 153 [1s4 855 ESe6
a
a
% ¢ %
- %
a
C
= 2 e
=] =pd b
= =a b
— —
= = == b
— = =
— ] —
= =¥ =
= =aR =
Seasons

90



Abdel-Halim et al.

Egyptian Journal of Animal Health 1, 1 (2021), 84-98

Table 1: HMs levels (ppb) in water samples collected from different zones of Kafr El-Zayat district during 2018-2019.

Sites Concentrations (ppb) Regional
Zn Cu Mn [ Cd Pb Fe Mean
Summer
1 38.64 £0.002 7.44 +0.00 668.04 +0.001 BDL BDL 583.08 £ 0.03
2 19.80 +0.003 9.12 +0.007 299.42 + 0.003 BDL 1.200 653.1 £0.03
3 18.10 +£0.003 BDL 130.13 = 0.006 BDL BDL 539.64 +£0.03
4 12.96 £ 0.005 BDL 64.31 £0.12 BDL BDL 276.84 + 0.04 120.23
5 20.28 = 0.003 BDL 68.78 £0.01 BDL BDL 325.08 +0.06 ’
6 15.72 £0.004 12.86 +0.00 218.75 +0.004 BDL BDL 345.10 £ 0.05
Mean 20.91 +£0.003 4.90+0.013 241.57 £0.003 BDL 0.200 453.82 £0.04
LSD 0.05 0.08 0.12 1.43 - 0.07 30.05
Winter
1 17.4 +0.003 36.48 +£0.001 193.82 +0.00 3.00+0.13 16.44 £0.03 42+0.01
2 18.6 =003 25.32+£0.002 68.76 £ 0.001 2.52+0.15 16.32 £0.03 4.32+0.01
3 62.76 £ 0.001 29.52 +£0.002 371.28 £0.00 3.24+0.12 21.0+0.02 4.08 +£0.01
4 33.48 +£0.002 27.84 +£0.002 271.17 £0.00 16.20+0.02 20.4 +0.02 4.68 +0.01 41.49
5 0.6 £0.09 29.04 £ 0.002 3.48 £0.02 BDL 12.0 = 0.04 31.09 £0.00 ’
6 22.08 +£0.002 15.96 £ 0.003 101.04 = 0.001 BDL BDL 5.89 +£0.01
Mean 25.83 £0.002 27.36 £0.002 168.26 = 0.00 4.16 +0.09 14.36 +£0.03 9.02 +0.005
LSD 0.05 0.10 0.085 0.109 0.704 0.872 0.063
Seasonal 2336 16.1 204.89 4.16 7.8 23141
ean
Table 2: Heavy metals levels (ng/g) in sediment samples collected from different zones of Kafr El-Zayat district.
Sites Concentrations (u1g/g) Regional
Zn Cu | Mn Cd | Pb Fe Mean
Summer
1 4.14+0.1 1.50 +0.00 4.92 +0.08 BDL 0.05+0.12 105.84 + 0.00
2 1.55+0.2 BDL 13.35+£0.03 BDL 1.38 £ 0.00 83.72 +£0.00
3 3.71 £0.1 BDL 45.22 £0.01 BDL 7.18 £0.00 325.72 £ 0.00
4 37.88 £0.01 26.40 £ 0.00 320.52 = 0.00 BDL 121.18 £ 0.00 BDL
5 0.16 0.3 BDL 1.76 £0.23 BDL BDL 0.44 +£0.01 42.69
6 3236 +0.01 21.47 £0.00 266.0 =0.00 BDL 110.36 + 0.00 BDL
Mean 13.30 £ 0.03 8.23 +£0.01 108.63 + 0.00 BDL 40.03 £0.00 85.95+0.00
LSD 0.09 -
(0.05) 0.67 ’ 0.74 0.01 0.01
Winter
1 0.89 +0.006 0.54 +£0.013 3.28+0.01 0.38 +0.02 1.2 +0.04 1.52+ 0.02
2 0.49 +0.012 0.36 +0.02 0.06 £0.6 0.45+0.01 1.18 £0.04 0.26 +£0.02
3 0.71 +£0.008 0.97 £0.007 0.32+0.1 0.38 £0.02 1.2+0.04 0.28 +£0.14
4 0.92 +0.006 1.21 £0.006 13.2 £0.003 0.36 £0.02 1.33+£0.04 0.55+0.07
5 14.41 £0.00 15.92 +£0.00 411.15+0.00 BDL BDL 629.8 +£0.00
6 1.15 +0.005 0.6+0.012 13.26 £ 0.003 BDL BDL 0.34 +0.1 31.1
Mean 3.09+0.012 3.26 +0.002 73.54 £0.00 0.26 +0.00 0.81 +0.00 105.68 = 0.00
LSD 0.012
(0.05) 0.01 ) 0.672 0.011 0.09 0.072
]S\‘/fasonal 8.195 5.745 91.085 0.13 20.42 95.815
ean

* Each value is the mean of three samples + SE.

* The concentrations of heavy metals are expressed as (pg/g). *BDL = below detection limit
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Table 3: Heavy metals levels (ng/g) in Mollusca's tissue samples collected from different zones of Kafr El-Zayat district.

Si Concentrations (ng/g) Regional
ites
Zn | Cu Mn [ cd Pb Fe Mean
Summer (2014):
1 2.43 +0.02 109.42 + 0.00 39.26 + 0.01 BDL 3.19+0.00 | 547.22+0.00
2 18.20+0.002 | 17.26+0.03 87.15 +0.01 BDL 2.85+0.00 | 1912.40 =0.00
3 18.38 £0.002 | 1235.70 £0.00 | 529.65+0.02 | 1.01+0.01 | 4.03+0.00 | 5183.80+0.00
4 35.67+0.001 | 82.14+0.01 403.0+0.02 | 2.97+0.00 | 5.13+0.00 | 2780.80 +0.00
5 30.18 £ 0.001 BDL 37.77£0.01 BDL BDL 704.83 = 0.00 378.43
6 10.81 + 0.003 BDL 99.36 +£0.001 | 2.42+0.00 | 7.92+0.00 | 219.45+0.00
Mean 19.28£0.00 | 240.75+0.00 | 199.38+0.00 | 1.07=0.01 | 3.85+0.00 | 1891.42+0.00
LSD (0.05) 0.07 0.89 0.09 0.012 0.007 0.085
Winter (2015):
1 2.46 +0.02 BDL 66.11 +0.001 BDL BDL 5.07+0.16
2 18.92 +0.03 62.03 +0.00 44.6 +0.001 BDL BDL 281.88 + 0.003
3 18.38 +0.03 77.26 +0.00 26.97 +0.001 BDL BDL 213.68 +0.004
4 35.67 +0.01 0.84 +0.006 43.27 +0.001 BDL BDL 410.72 +0.002 63.18
5 0.36 +1.04 17.35 +0.00 37.93 £ 0.001 BDL BDL 348.62 +0.002 )
6 10.81 £0.05 BDL 466.62 £ 0.00 BDL BDL 84.95 +0.01
Mean 14.43 £0.03 26.25 + 0.00 114.25 +0.00 BDL BDL 224.15 + 0.004
LSD (0.05) 0.92 0.009 0.066 - - 1.48
General
Mean 16.855 133.5 156.815 0.54 1.925 1057.785

* Each value is the mean of three samples + SE.
*BDL = below detection limit

*The concentrations of heavy metals are expressed as (ng/g).

Table 4: Bioconcentration factors (BCFs) of HMs in mollusca's tissue in association with surrounding media of Kafr El-

Zayat region, Egypt.

Element BCF Water/tissue BCF Sediment/tissue
Summer Winter Mean Summer Winter Mean
Zn 0.93 0.56 0.75 1.45 4.67 3.06
Cu 49.13 0.96 25.05 29.25 8.05 18.65
Mn 0.83 0.68 0.76 1.84 1.55 1.71
Cd 1.07 0.00 0.54 1.07 0.00 0.54
Pb 19.25 0.00 9.63 0.09 0.00 0.05
Fe 4.18 24.85 14.52 22.01 2.12 12.07
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Table 6: Relationship between heavy metals levels and biomarker response.

Biomarker re- ]
sponse Metals (x) r 2 df F Intercept (a) eegfrgiis;? (%(;-
@9)
LPO Zn -0.325 0.105 1 0.15 1.395 0.010
LPO Cu -0.300 0.090 1 46.84" 1.248 0.002
LPO Mn 0.053 0.003 1 0.45 1.693 -0.001
LPO cd -0.087 0.008 1 0.00 1.580 -0.021
LPO Pb 0.252 0.064 1 0.01 1.601 -0.017
LPO Fe -0.372 0.138 1 14.46™ 0.994 0.001
GP, Zn 0.645 0.416 1 2.85 0.004 0.015
GP, Cu -0.116 0.014 1 0.05 0.278 -0.000
GP, Mn -0.453 0.205 1 1.03 0.339 -0.000
GP, cd 0.236 0.056 1 0.24 0.212 0.092
GP, Pb -0.405 0.164 1 0.78 0.416 -0.080
GP, Fe 0.217 0.047 1 0.20 0.200 0.000
CAT Zn 0.092 0.008 1 0.03 2.769 0.006
CAT Cu 0.216 0.047 1 0.20 2.785 0.001
CAT Mn -0.610 0.372 1 2.37 3.193 -0.003
CAT cd -0.381 0.145 1 0.68 3.117 -0.446
CAT Pb -0.215 0.046 1 0.19 3.125 -0.128
CAT Fe 0.356 0.127 1 0.58 2.576 0.000
CP Zn -0.325 0.105 1 0.47 0.109 -0.001
CP Cu -0.300 0.090 1 0.39 0.093 -0.000
CP Mn 0.053 0.003 1 0.01 0.082 0.000
CP cd -0.087 0.008 1 0.03 0.088 -0.007
CP Pb 0.252 0.064 1 0.27 0.065 0.009
CP Fe -0.372 0.138 1 0.64 0.105 -0.000

Regression follow the mode y = a + b x obtained by simple linear regression; r* = coefficient of determination,
df = degree of freedom, value 1 = a simple linear regression of equation and F = variation
(* = mean the significant at 0.05; ** means the significant at 0.01 and *** = the significant at 0.001)

4. DISCUSSION

The present study focused on the distribu-
tion of HMs into aquatic environment sur-
rounding industrial plants of Kafr El-Zayat dis-
trict. Additionally, it may state the impact of
these metals on some of freshwater mollusks
which is commonly distributed in this region
(L. carinatus). Overall data indicated the ma-
jor ecotoxicological effects of HMs in the eco-
system.

As mentioned above in POP, residue levels,
HMs elevated the same concept, where their
concentrations during summer were greater
than those during winter. Moreover, Fe and Mn
recovered the greatest levels in most sampling
sites, followed by other essential metals: Cu
and Zn. This concept may due to emission of
fertilizers companies into water course or air,
followed by that emitted from oil extraction

and brick making factories in Kafr El-Zayat. In
previous studies, Abdel-Halim et al. (2013)
investigated that land snail, Helix aspersa
showed hyperaccumulation capacity for HMs
emitted in atmosphere of Kafr El-Zayat, where
tissues of gastropod showed regional means of
Cd, Mn, Ni, Pb, Zn and Cu at values: 0.71,
7.09, 0.71, 2.68, 41.44 and 18.01 mg/kg b.w,
respectively. On the other hand, several studies
demonstrated that, freshwater mollusks are
considered good bioindicators for water pollu-
tion with HMs (Lau et al., 1998; Zhou et al.,
2008; Kanakaraju et al, 2008; Moloukhia
and Saleem, 2011; Bhalchandra and Ram,
2013; Kesavan et al., 2013; Yap and Cheng,
2013). In the present data Pb and Cd exhibited
low concentrations in water, sediments and
mollusk's tissues compared with other metals,
except in some sites. These findings explain
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the limitation of Pb and Cd source in Kafr El-
Zayat region, except those emitted from brick
making factories near these sites. These data
are in agreement with that obtained by Abdel-
Halim (2014), where Pb and Ni were the
mostly detected in freshwater alga collected
from sites near brick making factories of Kafr
El-Zayat region considering the use of fuel in
these factories is the major source of potential
toxic metals. Moreover, sewage water is con-
sidered another source of metals in aquatic
media of this region as stated previously by
Chen et al. (2005) and Wannaz et al. (20006).

4.2. Biochemical responses.

The obtained results demonstrate the assess-
ment of the biological impact and risk of HMs
from industrial and urban discharge in the
aquatic media of Kafr El-Zayat.

The use of freshwater mollusk, L. carinatus
may represent a relative easy process to im-
prove the actual monitoring techniques even in
the absence of native organisms. Additionally,
the biological significant of the results present-
ed here is important both in terms of the accu-
mulated chemicals and appear once of toxico-
logical responses. The digestive gland was
chosen as a target organ for biochemical and
toxicants assessment according to its ability to
uptake and concentrate the contaminants by 5-
10 folds higher than other organs (Gomeot de-
Vaufleury and Pihan, 2002; Beeby and
Richmond, 2003). On the other hand, hea-
molymph of collected animals was used a
source to assess the activities of both CAT and
MDA in correlation to induction in genotoxic
effects of contaminants were proven to be re-
lated to the production of ROS in chosen or-
ganism which affect various cellular processes,
mostly the function of membrane system
(Pinto et al., 2003; Valko et al., 2005). The
potential of ROS to damage tissues and cellu-
lar components is called oxidative stress. In
this study, CAT, LPO, GPx and CP were used
as good parameters in oxidative stress, where
ROS cause intracellular excess of MDA and
LDH. Moreover, they are capable to interact
with DNA to form DNA adduct in different
forms.

The obtained data revealed the ability of
measured chemical which emitted from this

region into aquatic media to induce oxidative
stress in contaminated sites compared with ref-
erence site (S6). Most studies in aquatic ani-
mals centered on oxyradicals such as O,
H,0, and OH’, respectively, are main form of
ROS. Rates of amount of ROS production can
be increased by the presence of a wide range
of natural and man—made xenobiotic. Possible
anthropogenic-related sources of enhanced
ROS and other pro—oxidant free radical pro-
duction includes organic contaminants such as
nitro aromatics, PAHs, PCB,, pesticides and
heavy metals (Lemaire and Livingstone, 1993;
Di Giulio ef al., 1995; Halliwell and Gutter-
idge, 1999). In the present study, ROS cause
intracellular excess of MDA in all sites more
than reference site. The formation of lipid pe-
roxidation in membranes disrupts the normal
cellular metabolism, triggering adaptive re-
sponse causing cell death (Girotti, 1998). Pre-
vious studies demonstrated the levels of lipid
peroxidation (as malondialdehyde, MDA) in
mussel species submitted to different stresses
(Almeida et al., 2003, 2004, 2005).

On the other hand, catalase and glutathione
peroxidase have complementary roles in hy-
drogen peroxide detoxication. In the present
study, CAT activity in animals collected from
all sites observed increases in either tissues or
heamolymph compared with reference site.
These increases are due to regulation by ROS
as stated previously by Hermes-Lima (2004).
GPx activity in the collected animals from the
polluted sites of this region decreased during
most seasons in comparison with other animals
in the reference site. Among effect of pollu-
tants discharge into water, S4 (near fertilizers
factories) demonstrated the highest responsi-
bility for oxidative stress than other sites, fol-
lowed by S5 and S3, respectively. Previous
studies demonstrated the oxidative stress in
different species of mollusks impacted differ-
ent pollutant in coastal areas, marine and
freshwater. As example, in mussels, Mytilus
galloprovincialis (Vlahogianni et al., 2007),
Perna perna (Almeida et al., 2007), and fresh-
water mussel (Falfushynska et al., 2014).

The levels of LPO and CP in selected gas-
tropod were significantly higher in polluted
sites than other animals of reference site. This
fact indicated that, some oxidative injury may
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be related to POP; toxicity and accumulation.
Previous studies in other polluted regions
marked an increase of LPO and CAT levels in
the digestive gland than those of the reference
organs of mussels M. yuyanensis (Torres et
al., 2002) and snails; Theba pisma (E1-Gendy
et al, 2009; Radwan et al., 2010), Helix as-
persa (Abdel-Halim et al., 2013a).

Formation of CP was checked in this study
as an index of protein oxidation of exposed
mollusk to industrial effluents in this region.
The obtained data revealed the induction of CP
in most collected animals from desired sites.
Sites 1, 2 and 4 displayed the most response
among CP levels in their exposed mollusk.
This induction in digestive gland samples dis-
closed the relationship between the distance of
the sampling sites and contamination source,
where the level of detected CP increased in a
direct proportional manner with the distance to
emission source (S1> S2> S4). Since digestive
gland is the principal feeding organ of mollusk
and the first organ to come into contact with
xenobiotic, it is plausible that metals and/or
other xenobiotic entering the animal via this
organ may cause transient oxidative stress re-
sulting in protein glutathionylation. Overall,
our data suggest that long term chronic expo-
sure to pollutants can result in higher levels
irreversible modification such as carbonylation
of protein (McDonagh et al., 2005). Moreover,
winter season was the mostly polluted period
with chemicals resulting in CP induction more
than other season compared with reference
zone (S6). Other literatures stated that, tissue-
specific formation of protein carbonylation by
environmental by pollutants such as POP, and
heavy metals had been demonstrated by prote-
omic approach in few mollusk's species
(McDonagh et al.,, 2005, 2006; Dowling et
al., 2006; Chora et al., 2008). Other findings
previously established inducting levels of CP
in response to oil exposure (Prevodnik et al.,
2007) or PAHs (Almorth et al., 2005; Kalo-
yanni et al., 2009). On the other hand, ex-
posed gastropods to OP; and PAH; observed
significantly CP content in their digestive
gland tissue (Itziou et al., 2011). In Kafr El-
Zayat region, Abdel-Halim ef al. (2013b)
stated that, land snail Helix aspersa affected
with breathing contaminated air of industrial

emission resulting in significantly CP induc-
tion in digestive glands, especially in groups
near brick making and pesticides factories. In
agreement with the previous data, Gupta et al.
(2007) also supported the correlation between
CP content formation and ROS generation
with the up-regulation of the latter in environ-
mental toxicants exposed organism, indicating
the involvement of ROS in induction protein
modification.

From these findings, we would to focus on
the use of cumulative biomarkers as approach-
es of oxidative stress, immune functions, DNA
adducts, and protein profile of selected mol-
lusks may state imposed risk from industrial
effluents and urbanized activity. These out-
comes investigate good information among
ecosystem status of Kafr El-Zayat region and
arise predicted risk of chemicals emitted from
industrial units on aquatic organisms. Moreo-
ver, governmental and management decisions
and control options must be done for environ-
mental remediation resulting in good quality of
ecosystem arising human health protection
outcome.
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