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The present work was conducted to study the physical, chemical and
microbiological characteristics of the marine water along the Mina coastline in
Tripoli city Northern Lebanon, in order to assess its quality and its impact on the
marine ecosystem. Physico-chemical parameters and heavy metals concentrations
were determined using standard analytical procedure. The results of the physico-
chemical analysis were obtained in the following range during June and November
respectively; temperature (24-25°C),(24-24.8°C); pH (5.25-8.75), (4.2-8.45);
dissolved oxygen (1.38-7.8mg/L), (2.01-7.8mg/L); electrica conductivity (26.7-
1500 ms/cm), (43.1-1650 ms/cm) total dissolved solids(17355-975000 ppm),
(280150-1072500 ppm). Chemical analysis of seawater samples has shown that the
values of the ionic concentrations in non-contaminated areas were in accordance
with the internationa standard for sea. Trace metals concentrations (mg/l) were
evaluated, Cr, Cu and Pb recorded values high levels that exceeded the TRV.
Results of microbia analysis for heterotrophic bacteria, total and fecal coliform,
Salmonella sp and Shigella sp indicated significant levels of pollution indicating
pollution from untreated sewage. To study the risk assessment, sediment samples
were analyzed for the detection of trace metals concentrations. Results showed that
3 out of 23 sites showed high value of contamination factor whereas the rest of the
sites showed average values below the guideline.

I ntroduction

L ebanon has few kilometers (about 220 km)
lying aong the northern
the eastern Mediterranean.
Tripoli isthe second largest city in Lebanon,
with a popul ation of about 400000 people.
Like other coastal stretches, urbanization

of shoreline
segment  of

and development projects are rapidly
overtaking the area (Awad and Darwish,
2009).Water quality is defined in terms of
the chemical, physical and biological
contents of water (Lawson, 2011). Coastal
areas are potentialy affected by large and
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relatively constant inflows from
contaminated water sources like rivers or
inadequately treated sewage (Lees, 2000;
Lipp et a., 2001).The dynamic balance in
the aguatic ecosystem is upset by human
activities, resulting in pollution which is
manifested dramaticaly as fish Kkill,
offensive taste, odor, color and unchecked
aguatic weeds (Adefemi and Awokunmi,
2010). The accurate determinations of heavy
metals and other physical and chemical
parameters in aquatic environment are of
ultimate importance for controlling their
pollution. Marine waters and sediments,
particularly those receiving anthropogenic
inputs, contain a multitude of chemical
contaminants that are potentially toxic to
aquatic organisms (Krahn et a., 1984). In
the Lebanese Northern coastline, wastewater
treatment has been neglected to a certain
extent. The lack of operational and efficient
wastewater  treatment  plants  makes
wastewater the main source of pollution of
the coastal zone of Tripoli city. Most of the
wastewater is discharged untreated or
partially treated along the shoreline.

Materialsand M ethods
Sampling

Water samples were collected from 45
locations along the Mina city’s coast, during
June and November 2012 following the
global positioning system (GPS) (Fig. 1).
Seawater samples were filtered. All samples
were collected in sterile bottles following
the protocol for aseptic sampling technique
(Mansilha et a., 2009) and were
immediately transported to the laboratory
and processed within 2-3 h of collection.
The sampling bottles were pre-conditioned
with 5% nitric acid and later rinsed
thoroughly with distilled de-ionized water.
At each sampling site, the polyethylene
sampling bottles were rinsed at least three
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times before sampling was done. Pre-
cleaned polyethylene sampling bottles were
immersed about 10 cm below the water
surface (Oztirk et al., 2009).The water
samples for atomic absorption spectroscopy
(AAS) were acidified prior to analysis with
a few drops of HNO; to keep the metals in
solution (Krasniki et al., 2010). For
microbiological analyses, water samples
were collected in a 100 sterile plastic screw
capped bottles under aseptic technique and
preserved at -5°C.

Twenty sediment samples were collected
during June 2012 from different locations
following GPS near the sea shore along the
coast of Mina city in June 2012, at 10 cm
depth from soil surface, to be analyzed for
the concentration in heavy metals (Fig. 2).
Samples were taken with a tool prototype of
the van Veen grab, and the upper 3-5 cm of
sediment were removed with a PTFE spatula
(Pekey, 2004) and were maintained in
polyethylene bags, refrigerated, and returned
to the laboratory (ASTM, 1990).

Field Analysis

Several physico-chemical parameters were
measured in situ including temperature and
pH using a GP-353 ATC pH meter equipped
with an electrode from EDT Instrument,
electrical  conductivity using  EDT
instrument BA-380 conductivity meter and
dissolved oxygen using CYPBER SCAN
DO100-EUTECH instrument (DO meter).
The Tota Dissolved Solids (ppm) was
calculated wusing the formulaa TDS=
conductivity (mS/cm) x 1000 x 0.65.

Laboratory Analysis

The trace amount of heavy metals in water
samples (Cu, Cd, Cr, Pb, Zn, Fe and Mn)
were estimated using Atomic Absorption
Spectrophotometer. The standard curve for
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each heavy metal separately was done using
clear heavy metals standards. Determination
of heavy metals in seawater was done using
the “Standard Methods for the Examination
of Water and Waste Water — 1998~
(Kransigi, 2010). Results were shown on
contour maps wusing 3D field and
ArcGIS10.1-ESRI.

The ionic concentration of seawater was
done by titration for Calcium, Magnesium
and Chloride ions, by flame photometry for
Sodium and Potassum ions and by
spectrophotometer for Sulfate ions. In order
to detect the presence of heterotrophic
bacteria, streak plate method was used. 0.1
ml of water samples was streaked over
nutrient agar plate and incubated at 37 'C
for 24 hours (Odokuma & Okpokwasili,
1992 and APHA, 1998).

To detect the presence of Salmonella sp or
Shigella sp, 0.1 ml aiquot of each water
sample was spread using a sterile loop onto
the surface S& S agar plates. The plates after
inoculation were incubated in an inverted
position 37 C for 24- 48 hours (APHA,
1998). Detection of Tota and Fecd
Coliform was done using Membrane
Filtration technique. Water samples (100ml
each) were filtered using a Whatman filter
paper 125mm pore size to eliminate large
particles, and then they were re-filtered
using a Sartorius membrane filter 0.45 um
pore size.

Filters were carefully transferred onto pads
soaked in Lauryl sulphate bacterial broth
and placed in pre-labeled sterilized Petri
dishes. Incubate at 37 'C for 24 hours to
detect the presence of total coliform, and at
44 C for 24 hours to detect fecal coliforms
(Hamzah et al., 1997, APHA 1998). After
that the dishes were removed and filters
were thoroughly examined using a colony
counter to identify and count the colonies.
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Caculation of Feca Coliform was done
according to the following formula:

Fecal Coliform per gram dry weight

Colonies counted *100

= volume of sample chosen(ml)
Sediments Analysis for Trace Metals
(Pekey et al. 2004)

Sediment Digestion

Dried and homogenized sediment (0.59) ina
50 ml beaker was fortified with 5ml of
concentrated nitric acid and the mixture was
refluxed on hotplate for 5 to 10 minutes at
approximately 95°C. The beaker was
alowed to cool then 2.5 ml of concentrated
nitric acid was added. The reflux was

repeated untii no brown fumes were
observed.
The solution was evaporated to

approximately 5ml at 95°C without boiling
for one hour then was left to cool; then
supplemented with 1 ml water and 3ml of
30% H,0,. The solution was then heated
slowly to start the peroxide reaction. 30% of
H,0O, was added in 1ml aliquots (less than a
total of 10ml) after cooling and repeated
several times.

The acid-peroxide digestate was heated at
95°C without boiling for 1 hour. The beaker
was then covered with a watch glass after
the addition of 5 ml of concentrated HCI and
brought to heat on a hotplate at 95°C for 15
minutes. After heating is done, the digestate
was cooled and transferred into a 50ml
volumetric flask, diluted to 50ml with
deionized water. The flask was then
transferred to a 125 ml high density
polyethylene sample bottle for storage.
Sample solutions analyzed for trace metals
by atomic absorption spectroscopy.
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Assessment of Sediment Contamination
by the Contamination Factor (Cif ) and
Degree of Contamination (Cd)

Average shale vaues (Turekian and
Wedepohl, 1961) and average crustd
abundance (Taylor, 1972), are commonly
used to provide elemental background
concentrations (EBC) (Windom et al., 1989;
Sanin et al., 1992; Covelli and Fontolan,
1997; Rubio et a., 2000). In the present
study, Taylor’s (1972) crustal abundance
was used as reference baselines. A
contamination factor C{ to describe the
contamination of a given toxic substance in
a basin was suggested by Hakanson (1980)
equation 1:

Where,

Ct_, : the mean content of the substance
cL : the reference value for the substance.

The following terminologies were used to
describe the contamination factor:

C# < 1; low contamination factor

1<C{< 3; moderate contamination factors
3<cfi<6; considerable contamination factors
C>6; very high contamination factor

Degree of contamination (Cq defined as the
sum of all contamination factors for a given

basin. Equation 2  describes  the
contamination degree:

; i
Ca=2Xo,Cl=3%5, gél ............... 2

For the description of contamination degree
the following terminol ogies were used:

C4<7; low degree of contamination
7<Cy4<14; moderate degree of contamination
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14<Cy<28; considerable of
contamination

C+28; very high degree of contamination

degree

Ecotoxicological Sense of Trace Element
Concentrations in Sediments (Pekey et al.
2004)

Numerical sediment quality guidelines
(SQGs) have been used in North America
for both freshwater and marine ecosystems,
and have been used to identify contaminants
of concern in aguatic ecosystems (Mac-
Donald et a. 2000). Sampling and
analytical processes may ater sediment
chemistry and bioavailability. SQGs would
then not reflect in-situ conditions absolutely.
Assessment tools provide useful
information, but some (i.e, SQGs,
laboratory toxicity, bioaccumulation and
benthic indices) are prone to distortion
without the availability of specific in-situ
exposure and effects data. Therefore, SQGs
should be used only as a screening approach
or in a weight-of-evidence method (Burton,
2002). Based upon empirical analyses of
matching chemical and biological data,

SQGs have been developed for many
potentially toxic substances (i.e., trace
elements, chlorinated organics, and

polynuclear aromatic hydrocarbons (PAHS))
(Long and MacDonald, 1998; Long et 4.,
1998).

Two sets of SQGs devel oped for marine and
estuarine ecosystems (MacDonald et al.,
2000; Long and MacDonald, 1998) were
applied in this study to assess the
ecotoxicological sense of trace element
concentrations in sediments (a) the effect
rangelow (ERL)/effect range median (ERM)
and (b) the threshold effect leve
(TEL)/probable effect level (PEL) values
(Table 6).

Low range values (i.e., ERLs or TELS) are
concentrations below which adverse effects
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upon sediment dwelling fauna would
infrequent be expected. In contrast, the
ERMs and PELs represent chemica
concentrations above which adverse effects
are likely to occur (Long and MacDonald,
1998). The incidence of toxicity was
determined among samples in which none of
the substances equaled or exceeded the ERL
concentrations, in which one or increasing
numbers of substances exceeded ERL
concentrations, but none exceeded any
ERM; and in which one or increasing
numbers of substances exceeded ERM
concentrations. The same approach was used
to evaluate the predictive ability of the
TELSPELs (Long et al., 1998).

Statistical Analysis

Descriptive  analysis was  performed.
Quantitative variables were described in
terms of frequencies, mean, standard
deviation, min and max. Paired correlations
were performed between the studied
parameters using Pearson’s correlation
coefficient. For testing the difference
between the physical parameters and ion
concentrations for summer and fall, paired
sample t-test was used. The Type-1 error o
was set at 5%. The analyses were performed
using SPSS 17 for windows.

Results and Discussion
Physico-Chemical Parameters
Temperature

Temperature value recorded a decrease from
June 2012 till November 2012 recording
24.3 and 24.2 °C respectively, this finding
coincide with that stated by Abudaya &
Harara, 2013. These values were within the
acceptable level for surviving metabolism
and physiology of aguatic organisms
(Lawson, 2011). Low temperature recorded
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in November 2012 may be due to high water
level, less solar radiation, and low
atmospheric temperature while in June the
high temperature may be because of low
water level, high solar radiation and clear
atmosphere (Table 1) (Govindasamy et al.,
2000).

pH

A significant decrease in the mean value of
pH was depicted from June 2012 till
November 2012, recording 8.1 and 7.8
respectively, ranging during June from 5.25
to 8.75, and during November from 4.2 to
7.8 (Table 1). The present finding fell within
the recommended value of pH of 8.2
(Quinby-Hurt &  Turekian, 1983 and
Holmes, 2011). The lowest pH level was
observed in the polluted sites, where a
sewage input was found to be directly
discharged into the sea. DOE( 2006) stated
that the lowest pH level was observed in the
most polluted sites, where a sewage input
was found to be directly discharged into the
seq, this finding complies with the results in
the present study. Data of the present
investigation coincide with that obtained
with by Korfali & Jdurdi (2012) on the
Lebanese coastal region concerning pH
values ranging from 4-10 with a mean value
of 7.85.

Dissolved Oxygen

The dissolved oxygen’s concentration in the
study area showed some low levels during
the study period. A significant increase in
the DO concentration was noticed from June
to November 2012 recording respectively
6.15 to 6.19 mg/L (Table 1) this increase
maybe due to the cumulative effect of
decreased temperature coupled with rainfall
and the resultant freshwater mixing from
runoffs (Rajasegar, 2003). The lowest levels
were observed in sites heavily contaminated
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with sewage discharges. These observations
are in agreement with Fargallah et a, (2009)
who stated that heavy contamination causes
an oxygen deficit due to decomposition of
the organic matter. Similar finding was
observed with Korfali & Jurdi (2012) who
reported that the DO level ranges from 1.2-
8.8 mg/L for water quality study of Lebanon
coastline.

Total

Electrical  Conductivity and

Dissolved Solids

The electrical conductivity’s average value
recorded 98.8 mS/cm during June and
107.41 mS/cm during November. In June,
TDS values ranged from 17355 and 975000
ppm, whereas in November TDS values
ranged from 28015 to 1072500 ppm with a
mean value 75710.55 ppm (Table 1).

Trace M etals Detection

As for trace metals, a non significant
variation was noticed in their concentration
during the study period (Table 3). Results
reported that trace metals’ mean
concentration during both sampling periods
was higher than the guideline except for Cr
whereas Cu, Cd and Pb recorded mean
values higher than the TRV (Table 2).
Comparing these findings to the results
obtained by Korfali and Jurdi (2012) in a
study on trace metals in Lebanese coastal
waters, it was revealed that the results of the
present study fell within their ranges.

lonic Water Profile

Chemical analysis of seawater samples has
shown that the value of the concentrations of
ions in non-contaminated areas are in
accordance with the international standard
for seawater and recorded in ppm Na',12746
&15302; K*"430.2& 389; ClI° , 23554
&22113; Ca**, 439 &512; Mg*, 929
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&1121; SO%~, 2636 & 2576 (Table 4).
Variations in concentration levels were
observed in sites highly polluted by sewage
discharges. These finding were in agreement
with that of El Moujaber et al. (2006) who
stated that seawater in genera has a uniform
chemistry due to a long residence time of
major constituents with the predominance of
Cl” and Na' possessing a molar ratio of
0.86. Seawater solutes are specificaly
characterized by an excess of ClI over the
cation ions (Na" and K*), Mg*, Ca®* and
anionion SO3™.

Microbiological Analysis

Results of microbiological analysis showed
the presence of heterotrophic bacteria in all
the seawater samples during June and
November 2012. The presence of
Salmonella sp.  in seawater  varied
significantly during the 2 seasons. 60 % of
the samples were found positive for
Salmonella sp during the summer season,
while 55 % were found positive during the
fal season. Similarly, Shigella sp. was
present in 33 % of the sites during the
summer season and 11% during the fall
season.

Samples recorded 2200CFU/100ml total
coliform (TC) during both sampling periods,
which revealed a four folds increase than
that of European guideline (Table 7). It was
aso revealed that 35% of the studied
seawater samples were not suitable for
swimming during June and 17% during
November (Table 5). Fecal coliform (FC)
counts recorded the highest value of
1800CFU/100mI during November with
60% of the sites unsuitable for swimming
(WHO gquideline), whereas during June,
75% of the sites were classified unsuitable
for swimming with the highest value
recorded 1500CFU/100ml and (Table 7).
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Table.1 Description of the Physical Parameters of the Samples by Period (N=45)

June 2012 November 2012
Physical Range Range i
characteristics Mean (SD) (Min;M ax) Mean (SD) (Min;Max) p-value
Tem'é{,eé;"t“re 24.3(0.3) (24.0,25.0) 24.2(0.2) (24.0;24.8) 0.035
pH 8.1(0.7) (5.2;8.8) 7.8(0.8) (4.2;8.45) <0.0001
DO (mg/L) 6.15 (1.24) (1.38,7.9) 6.19 (1.12) (2.01; 7.8) 0.624
E.C (ms/cm) 98.8 (269.1) (26.7:1500) 107.4 (291.4) (43.1;1650) 0.019
TDS (ppm) ( 1674;12935614) (17355975000 17952721&%56) (28015;1072500)  0.071
Table.2 TRV and Guidelines Vaues
Fe(mg/L) Cu(mg/L) | Cd(mg/L) | Mn(mg/L) | Zn(mg/L) | Cr(mg/L) Pb(mg/L)
TRV 1.000 0.00654 0.00066 0.120 0.120 0.117 0.00132
Guideline | 0.00014 0.00038 | 0000125 | 0.000165 | 0.00059 0.00026 | 0.000036

Table.3 Description of the Trace Metal Concentration in the Samples by Period (N=45)

June 2012 November 2012
Physical Range Range
charaZteristics Mean (SD) (Min;l\%ax) Mean (SD) (Min;l\%ax) p-value

Iron 0.0487 (0.105) (0.001,0.5) 0.0442 (0.085) (0;0.35) 0.508
Copper 0.049 (0.039) (0.001;0.15) 0.049 (0.037) (0.001;0.13) 0.445
Cadmium 0.004(0.011) (0;0.05) 0.001(0.004) (0;0.03) 0.085
Manganese 0.082(0.194) (0.001;1.2) 0.089 (0.178) (0;0.9) 0.878
Zinc 0.039 (0.0099) (0.018;0.060) 0.037 (0.01179) (0.01;0.06) 0.041
Chromium 0.00006(0.00033) (0;0.02) 0.0003(0.00146) (0;0.007) 0.234
Lead 0.210 (0.1538) (0;0.660) 0.215 (0.1453) (0;0.520) 0.802

Table.4 Description of the lon Composition of the Samples by Period (N=45)

June 2012 November 2012

lons concentration Range Range p-value
(ppm) Mean (SD) (Min;Max) Mean (SD) (Min;Max)

Na' 126782974 (L1120,15600) 127467 (12489) _ (8480,16000)  0.642
K* 380.3 (62.8) (244.4;560.4) 430.2 (74.6) (244.4560.4)  0.001
(ol 22926.2 (2395.9) (12000;26400) 23554.2 (5667) (310;28570) 0.481
ca 512.8 (49.1) (268.552) 439.1 (95.3) (120:630)  <0.0001
Mg (ppm) 1121.9 (154.4) (250;1310) 929.7 (391.3) (82:1227)  <0.0001
S0Z~(ppm) 2576 (474.2) (1000;3540) 2636.1(446.1)  (1500:3912)  0.396

Table.5 Microbiological Standards for Marine Bathing Water (European Union, 2005)

European Guide European Mandatory

Total Coliforms 500 CFU/100mL

10,000 CFU/100mL

Fecal Coliforms 100 CFU /100mL

2,000 CFU /100mL

382




Int.J.Curr.Microbiol.App.Sci (2016) 5(1): 376-389

Table.6 Quality of Water for Swimming* (WHO, 2006)

Water quality  E.cali (count/ml)

Very bad > 2000
Middle pollution 1000-2000
Soft pollution 50-200

Very satisfying <50

Table.7 Description of the Bacterial Counts in the Seawater Sample by Period (N=45)

June 2012 November 2012
Bacterial count (CFU/100ml) Mean (SD) Range (Min;Max) Mean (SD) Range (Min;Max) p-
value
Total Coliform 537(571.4) (25;2200) 463(656) (40;2200) 0.22
Fecal Coliform 327(352) (10;1500) 289(419) (10;1800) 0.249

Table.8 Correlation Matrix Between Physical and Bacteriological Parameters during June 2012

Do EC TDS Total Fecal
Temperature eH (mgiL) (omSfcm) (e colifiomm colifoomm
Temperature P Correlation 1
Sig. (2-tailed)
PH P Correlation -.538 1
Sig. (2-tailed) .Coo
DO (marL) P Correlation —.a7E" 733~ 1
Sig. (2-tailed) 001 Keels]
EC (m.S/cm) P Correlation REt-T- -.B417  _.as2™ 1
Sig. (2-tailed) OO0 Ko s] 001
TD S (pem) P Correlation RET-T- -.8417 _.ao2— 1.000 4
Sig. (2-tailed) e le ] OO0 001 OO0
Total goliform P Correlation 318 -.8a8~ _.@86 488" Lass™ 1
Sig. (2-tailed) 033 Keels] Keels] 001 .00
Fecal coliform P Correlation 280 -B874T 871 442> 4z E=-F 1
Sig. (2-tailed) o2 e s] o] ooz .oz 000

== Correlationis significarnt atthe 0.01 level (2-tailed).

* Correlation is significant atthe 0.05 level (2-tailed).

Table.9 Correlation Matrix between Physical and Bacteriological Parameters
during November 2012

Do EC TDS Total Fecal
Temperature pH i i
(mgil) (mSicm) (pom) coliform. coliform.
P Correlation 1
Temperature
Sig. (2-tailed)
P Correlation -.049 1
PH
Sig. (2-tailed) 748
P Correlation -.052 7417 1
DO (mg/L)
Sig. (2-tailed) 736 000
P Correlation -.026 -ITOT 837 1
EC
Sig. (2-tailed) 866 000 000
P Correlation -.062 -Fa4~ 597 879~ 1
TDS
Sig. (2-tailed) G684 Q00 000 000
Total P Correlation -.010 -662°  -.g42~ 568~ 5427 1
colifonm, Sig. (2-tailed) .949 000 .000 .000 .000
Fecal P Correlation -.010 -¥37  -.832~ 5557 528~ 856~ g
coliform, Sig. (2-tailed) 947 000 .000 .000 .000 .000

== _ Correlation is significant atthe 0.01 level (2-tailed).
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Table.10 Elemental Concentration from Surface Sediments and SQG by US EPA

Element
Pb Zn Cu
1 12 8 2.3
2 10 6 2.8
3 21 12 2.3
4 10 7 2.8
5 12 6 3.7
6 11 7 3.9
7 10 10 4.2
8 11 9 4.6
9 11 6 44
10 15 5 4.4
@ 11 10 8 3
& 12 11 8 3
13 8 9 4
14 8 9 2.6
15 10 35 25
16 11 29 2.6
17 11 7 2
18 12 6 25
19 11 4 4
20 12 8 3.9
21 11 6 3.9
22 12 26 28
23 15 38 13
EBC 12,5 70 55
o NP <40 <90 <25
8' MP 40-60 90-200 25-50
HP >60 >20 >50

EBC: Elemental Background concentration
SQG: Sediment quality guidelines
NP: non-polluted

MP: moderately polluted
HP: heavily polluted

Fig.1 Geographical Distribution of the Water Sampling Sites
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Table.11 Contamination Factors (C_fi) and Degree of Contamination (C_d) of Surface
Sediments in Mina City Coastline during June 2012

C } Cy

Site Pb Zn Cu
1 0.96 0.11 0.04 1.11
2 0.8 0.08 0.05 0.93
3 1.68 0.17 0.04 1.89
4 0.8 0.1 0.05 0.95
5 0.96 0.08 0.06 1.1
6 0.88 0.1 0.07 1.05
7 0.8 0.14 0.07 1.01
8 0.88 0.12 0.08 1.08
9 0.88 0.08 0.08 1.04
10 1.2 0.07 0.08 1.35
11 0.8 0.11 0.05 0.96
12 0.88 0.11 0.05 1.04
13 0.64 0.12 0.07 0.83
14 0.64 0.12 0.04 0.8
15 0.8 0.5 0.04 1.34
16 0.88 0.41 0.04 1.33
17 0.88 0.1 0.03 1.01
18 0.96 0.08 0.04 1.08
19 0.88 0.05 0.07 1
20 0.96 0.11 0.07 1.14
21 0.88 0.08 0.07 1.03
22 0.96 0.37 0.5 1.83
23 1.2 0.54 0.23 1.97

Min 0.64 0.05 0.03 0.8

max 1.68 0.54 0.5 1.97

Reference 1 1 1 7

Fig.2 Geographical Distribution of the Sediment Sampling Sites
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Table.12 TEL, PEL, ERL and ERM Guideline Vaues for Trace Elements (Long et al. (1995).
Concentrations arein Ilg/g Dry Weight)

Element
Pb Zn Cu
1 12 8 23
2 10 6 2.8
3 21 12 23
4 10 7 2.8
5 12 6 37
6 11 7 3.9
7 10 10 4.2
8 11 9 4.6
9 11 6 4.4
10 15 5 4.4
g 11 10 8 3
Z 12 11 8 3
13 8 9 4
14 8 9 26
15 10 35 25
16 11 29 26
17 11 7 2
18 12 6 25
19 11 4 4
20 12 8 3.9
21 11 6 3.9
22 12 26 28
23 15 38 13
c ERL 467 | 1500 | 340
T ERM 2180 | 4100 | 2700
2 TEL 302 | 1240 | 187
OB 4 PEL 112.2 | 271.0 108.2

The two bacterial types exhibited marked
gpatial and temporal variations. These
findings were in accordance with the results
found by Abudaya & Hararah (2013), who
have studied the  physico-chemica
parameters and faecal indicators at selected
sites on the Gaza coast over seven-month
period, their results showed spatia and
temporal variations in physico-chemical
parameters (water temperature, turbidity,
pH, salinity and DO), and fecal indicators
that appeared linked with the problems of
raw sewage discharge and storm water
runoff. =~ The data indicates high
microbiological contamination of seawater
above internationally accepted limits,
especialy at stations close to sewage outlet,
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which violates the European Countries
standards for bathing water, this finding
coincide with the study of Abudaya &
Hararah (2013).

Correlation Relation between the
Physico-Chemical Parameters and the
Microbial Pollution L oad

Statistical analysis was done to reveal the
relation between the bacterial load and the
phyico-chemical parameters of the seawater
samples. Results shown in table 8 recorded
that during June TC and FC are strongly
correlated having (r =0.928 at p<0.001). TC
load was positively correlated with T, EC
and TDS, with Pearson’s correlation



Int.J.Curr.Microbiol.App.Sci (2016) 5(1): 376-389

coefficient of 0.318 (p=0.033, p<0.05),
0468 (p= 0.001; p<0.01) respectively.
Whereas, TC showed a negative correlation
with DO and pH, with r = -0.866 (p<0.0001)
and 0.646 (p=-0.003; p<0.01) respectively.
However, FC aso showed positive
correlation with T, EC and TDS having with
r = 0.28 (p= 0.062), and 0.442 (p=0.002;
p<0.01) respectively. pH and DO, showed a
negative correlation with FC, with r = -0.647
and 0.871 respectively. Data in table 9,
reveaed that, during November TC and FC
showed a strong positive correlation, with a
correlation coefficient r = 0.956 (p<0.0001).
TC showed a strong positive correlation
with EC and TDS with r = 0.568. TC
showed a non significant weak negative
correlation with T (r = - 0.01 at p=0.949),
strong negative correlation with pH (r = -
0.662 at p<0.0001), and a strong negative
correlation with DO (r = -0.842). FC showed
a positive correlation with EC and TDS,
having correlation coefficient of 0.555 at
p<0.0001, and a strong negative correlation
coefficient with pH and DO, respectively r =
-0.737 and r = -0.832, and a non significant
weak negative correlation with T having r =
-0.01lat p=0.947. (p<0.0001) and r = 0.618
(p<0.0001). TC showed an intermediate
correlation coefficient with Zn of r = 0.360
(p=0.015, p<0.05), whereas it showed a non-
significant weak negative correlation with
copper, of r =-0.091. On the other hand, FC
showed a strong positive.

in

Trace Metals Concentrations

Sediments Samples

The risk assessment was evaluated by
detecting the concentration of trace metalsin
the sediments. 3 out of 23 sites showed high
value of contamination factor whereas the
rest of the elements showed average values
below the gquideline (Tables 10). Pb
concentration ranged from 8-21 pg, Zn
concentrations ranged from 4 to 38 pug and
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Cu concentration ranged from 2-28 ug. The
most polluted areas were at sites 22 and 23.
Sediments were classified as. non-polluted
(NP) based on the SQG (sediment quality
guidelines) of US EPA.

Assessment of Sediment Contami_nation
by the Contamination Factor (C;) and

Degree of Contamination (Cy)

The contamination factor (Cf) and the
contamination degree (Cy) recorded average
levels for Pb, Cu and Zn (Table 11). Lead
contamination factor (Cf) ranged from 0.64
to 1.68, sites 2, 10 and 23 only exceeded the
reference value; whereas that of Zn, ranged
from 0.05 to 0.54 and Cu, from 0.81 to 1.97,
both did not exceed the reference value. The
contamination degree vaues provided in
Table 11 reveded Ilow degree of
contamination. Considering the results,
given in Table 12 the trace meta
concentrations in sediments were below the
ERL, and TEL values suggesting a minimal
effect range or an effect rarely observed.

In conclusion, results of this study reflect on
continuous exposure of the coastal line to
various types of contaminants resulting
from, mostly, domestic and industrial
activities. As such, the water quality profile
and metal speciation is expected to impact
the quality of seawater, aguatic organisms
and consequently human health. Thus, it is
critical to implement the recommended
intervention plans to safe guard the
“Mediterranean Sea” in accordance with
international treaties and conventions.
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