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Abstract

The relationship between heavy metals bioaccumulation ability of two algal species; Polysiphonia opaca
(Rhodophyta) and Ectocarpus siliculosus (Phaeophyta), and two species of their allied gastropoda; Monodonta
turbinata and Patella caerulea were studied. The samples were collected from two sites, clean (S1) and polluted
(S2) during winter 2017from Tubrok coastline, Libya. Various degrees of Cu, Zn, Pb, Cd and Mn accumulation
weredemonstrated depending on the investigated species. Epizoic Poly.opaca and E. siliculosus affected
negatively the bioaccumulation ability of P. caerulea in both sites. The most tolerant M. turbinata, being have
longevity than macroalgae, has better bioaccumulative properties towards most of the investigated metals.
Poly.opaca was restricted to clean seawater, referring to its sensitivity to pollution, while E. siliculosus was
restricted to polluted seawater, exhibiting its tolerance to pollution. The present results indicated that the
presence or absence of macroalgal species was shown to be a good indicator for the quality of seawater. Based
on the bioaccumulation factors (BAFs), the five heavy metals arranged in the descending order as Cd >Mn>Pb>
Cu > Zn in clean site compared to Mn>Cd > Cu >Pb> Zn in polluted site. Whereas, the descending order of metal
pollution index (MPI) was M. turbinata > healthy P. caerulea> infected P. caerulea>poly. opaca >E. siliculosus.
Statistical analysis showed a significant correlation between species and the investigated Cu, Pb, Mn and Cd.
Poly. opaca, E. siliculosus, cosmopolitan M. turbinata and P. caerulea are considered to be good environmentally
friendly bioindicators for heavy metal pollution in the Mediterranean Sea.
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Introduction

Heavy metal toxicity to aquatic organisms and its ultimate effect on humans have gained serious
attention from public and scientific community (Yayintas et al., 2007). Essential heavy metals for
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regulation of metabolic activities may become toxic at higher concentrations (Canli and Atli,
2003). The elevated level of trace metals in different organs of microorganisms is used as an
important tool or index of metal pollution in anaquatic ecosystem (Tarrio et al., 1991; Mendil et
al., 2005). The last decades, water and sediment were used as indicators for pollution, but recently,
organisms have been found to be a potential biotechnological alternative method than
physicochemical methods (Zabochnicka-Swiatek and Krzywonos, 2014). The potentiality of
organisms may be attributed to their ability to accumulate heavy metals thousands of times higher
than the corresponding concentrations in seawater (Rainbow, 1995; Rai et al., 1981). The
efficiency of metal bioaccumulation in algae depends on the bioaccumulation affinity of algae for
a particular metal and the bioavailability and physical/chemical form for that metal, where they can
concentrate and bind the free metal ions depending on their nature (Volterra and Conti, 2000;
Zalewska and Saniewski, 2011). Mussels can accumulate and integrate concentrations of several
metals in seawater for relatively long intervals. They also assimilate trace metals from their food
and from the ingestion of inorganic particulate material (Struck et al., 1997). Mollusca, as filter
feeders, obtain heavy metals from several sources such as food, water, inorganic particles (EI-
Sikaily et al., 2004).

Very little information is known about heavy metals content in aquatic biota in Libyan coastline.
In order to fill this gap in knowledge, this investigation focused on analyzing of algal and their
allied gastropods heavy metals Cu, Zn, Pb, Cd and Mn contents at Tobruk city, Libya. The study
also aimed to determine the most appropriate metals accumulator to be potentially used as an
indicator for pollution.

2. Materials and Methods

The study area (Tubrok City). is situated on the north—eastern coast of Libya at latitude

(N - 32°¢06'<59"N 32°:04'<01") and longitude (E24°:00'<30' - E23°¢ 53'<36"). It is characterized by
rocky shore, and suffered from sewage pollution in some sites. Two sites were chosen based on the
status of water. The first site (S1) is clean (used as a reference) seawater, the second site (S2) is
polluted seawater, and is far about 3Km easterly from the first site (Fig. 1).

Sampling

Water samples from reference and polluted sites were collected using sterile 1liter plastic
container. Algal and gastropoda species with the same ages and size, where it is possible, were
handpicked during low tide at winter 2017. They were rinsed thoroughly with seawater on-site,
placed in plastic bags and transferred to the laboratory as soon as possible. Samples were initially
washed under a jet of tap water and rinsed in distilled then de-ionized water to remove any mineral
particles or organisms.

Vol.9(1), June 2019



Nouria S. EImanafi and Faiz O. Elqutaan

Identification of species

The investigated species were brought to the laboratory as soon as possible after collection.
Macroalgal species were identified using different keys, such as the World Register of Marine
Species (WoRMS Editorial Board, 2013; Abbott, 1999). Whereas, gastropod species were
identified using the taxonomical keys cited in Borradaile et al. (1977) book.
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Figure.1 Map of ATobruk city, Libya located on the Mediterranean Sea.

Analytical methods:-

On sampling day, the studied organisms as well as seawater were immediately transported to the
laboratory for analyses.

1-Sample Digestion

One gram of each sample was digested in 20 ml nitric acid and 3 ml perchloric acid in
kjeldahlapparatus until white fumes appear and organism's tissues dissolved completely. The
samples were allowed to cool and then after, 10 ml diluted HCI (1:1) were added and complete
digestion process continued till the solutions turn clear. The digested samples made up to 50 ml by
distilled H,O, according to AOAC (1980).
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2-Water analysis

Preparation of water samples

Five hundred ml of seawater were boiled and concentrated to 50 ml. The samples were allowed to
cool and then after, 7.5 ml HCI (37%) were added and boiled for 10 minutes, after cooling, 7.5 ml
nitric acid (69%) were added and boiled again till the solution volume becomes 25 ml, the solution
volume made up to 50 ml by de-ionized H,O. Sample concentration increases 10 times than the
original concentration in seawater (Olowu et al., 2010).

Finally, the concentration of Zn, Cd, Pb, Cu and Mn in the water samples, macroalgal and mollusc
tissues has been measured by graphite furnace atomic absorption spectrophotometry (A Analyst
800 Perkin Elmer).

Indices of pollution

1- Bioaccumulation factors (BAFs): BAFs of the studied samples were calculated based on the
following formula (Barron, 1995).

BAFs=Metal concentration (ugg—1 fresh wt.) in the sample Metal concentration (ugl—1) in water
2- The metal pollution index (MPI):-MPI was used in order to compare the total content of heavy
metals at locations studied (Usero et al., 1996)

MPI=(Cf1xCf2x...Cfnx)l/n

Where, Cfn = concentration of metal in the sample (ugg-1 fresh wt).

n = number of metals

Statistical analysis

The data were analyzed using SPSS statistical program ver.22 (2012). Duncan's test (ANOVA) for
separating means and Pearson's Correlation were used to measure the strength of the interactions
between heavy metals. P-value of less than0.05 indicates a significant variance. Also, Cluster
analysis (Bray-Curtis similarity index) was employed.

3. Results and Discussion

Taxonomy of organisms

Macroalgae were represented by two species; Polysiphonia opaca belonging to Rhodophyta
inhabiting clean site (S1) and Ectocarpus siliculosus belonging to Phaeophyta inhabiting polluted
site (S2)(Table 1). Likewise, Mollusca were represented by two species of gastropoda; Monodonta
turbinata and healthy and infected individuals of Patella caerulea in both sites. Rhodophyta and
phaeophyta play vital ecological roles in marine communities (Wijesinghe and Jeon, 2011).
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Table 1: Taxonomy of macroalgal and gastropoda species, Tobrukcoastline, Libya.

Taxonomy Macroalgae Invertebrate
Division/
Rh h Ph h Moll Moll
Phylum odophyta aeophyta ollusca ollusca
Class Florideophyceae | Phaeophyceae Gostropoda Gostropoda
Order Ceramiales Ectocarpales Prosobranchiata Vetigastropoda
(Streptoneura)
Family Rhodomelaceae | Ectocarpaceae Patellidae Trochidae
Genus Polysiphonia Ectocarpus Patella Monodonta
Species Opaca siliculosus caerulea turbinata
Locality S1 S2 S1&S2 S1&S2

Pollution specificity of organisms

The flourished growth of Poly. opaca was found on P. caerulea as epizoic or on moist rock as
epilithic in clean seawater only. It seemed to be specific to the clean seawater. On the other hand,
E. siliculosus was found to be definitely limited to polluted water (S2). Seaweed cells have a large
superficial area with sites that are able to provide fast and reversible bonding with cations
(Amorim et al., 2003). Also, they have an ability to bind and accumulate micro-pollutants present
in their surroundings which may be attributed to the unique structure of their cell walls, reflecting
the impact of anthropogenic disturbance (Gopinath et al., 2011). All of these characters make algae
good indicators for micro-pollution and the most reliable tools for monitoring biodiversity on the
coast (Northon et al., 1996).

It is also interesting to note that M. turbinata and P. caerulea showed no preference for particular
area; where they widely spread in clean site, moreover, they adapted to survive under various
pollution levels in polluted site. This disagree with the findings of Traunspurger and Drews (1996)
who reported changes in the diversity and community structure of gastropod through chronic and
acute effects of sediment contamination by heavy metals. Generally, the pollution generated by
heavy metals released from industrial and domestic sources causes serious changes in the aquatic
ecosystem, resulting in a loss of biological diversity and the magnification and bioaccumulation of
toxic agents in the food chain (He et al. 1998). Finally, the results indicated that, the macroalgal
species clearly differ from clean to polluted seawater, so the presence or absence of macroalgal
species would be a good indicator for the quality for seawater.

Metal concentrations in seawaters

Cu, Zn, Pb, Cd and Mn reached their maximum values in S2 (polluted site), with a remarkable
elevation for Zn (9.3 ug I-1), this may be assigned to their concentration levels in nutrients and/or
sewage discharges (Table 2).
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Table 2: Heavy metal concentrations (ugl-1) in seawater at 2 studied sites at Tobruk city, Libya.

Sites S1 S2 EPA (2017)
Cu 0.42 0.75 3.1
Zn 6.2 9.3 81
Pb 0.26 0.61 8.1
Cd 0.02 0.05 1.0
Mn 0.17 0.21 1.0

The results indicated that a similar pattern of metal concentrations in both sites was arranged in
descending order as follow: Zn > Cu > Pb > Mn > Cd. Whatever, the metal concentration levels
were lower than the maximum permissible values of EPA (2017). This may be interpreted by the
contribution of Davies et al. (2006) who reported that, seawater metal concentrations are less than
that accumulated in sediments, holding 99 % of total amount of metal present in the aquatic
system, and Leal et al. (1997) who explained that the seawater metal concentrations affected by
biological uptake, scavenging by particulate matter, release metals from bottom sediments,
advection, mixing of water masses and the aeolian transportation of terrestrial materials.

Metal concentrations in organisms

Cu reached its maximum value (232.01 + 10.52 pgg-1 fresh wt.) in M. turbinata at S2 and its
minimum (14.60 + 0.87 pgg-1fresh wt.) in Poly. opaca at S1Table (3).The concentration of Zn was
found to fluctuatebetween92.59+8.33 pgg-1 fresh wt. for M. Turbinata at S1 and 8.32+0.09 pgg-1
fresh wt. for E. siliculosus at S2. According to Amin et al. (2009), who reported that Cu and Zn
may be the most detrimental elements to gastropod populations in the mangrove area of Dumai
coastal waters, the high concentrations of Cu and Zn in the investigated area may hurt the studied
organisms.

Lead concentration level was found to oscillate between 106.68 £7.39 pgg-1 fresh wt. for M.
turbinata at S2 and 20.02 * 4.69 for E. siliculosus in the same site. Coastal pollution and habits
outdoor barbecue where forests and beaches of Libya, would lead to the emission of polluting
elements such as Pb, this in partial agreement with Dadolahi-Sohrab et al. (2011) who stated that,
high levels of Pb in marine organisms could be attributed to combustion of fossil fuels and oil
pollution. Generally, brown algae accumulated heavy metal in considerable amounts due to their
high content of binding polysaccharides and polyphenols (Hashim and Chu, 2004).

Concerning Cd bioaccumulation, healthy P. caerulea (S2) recorded the highest level of
accumulation (28.23+4.10 pgg-1fresh wt.) whereas, Poly. opaca recorded the lowest concentration
level (0.51+ 0.20 pgg-1fresh wt.). According to Haug et al. (1974) the affinity of alginates in
brown algae for divalent cations such as Pb2+, Cu2+, Cd2+, Zn2+ etc. increased with the
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guluronic acid content, but the affinity variation of divalent metals to the alginates depend on the
different M/G ratios (B-D-mannuronic (M) and a-L-guluronic (G) acids).

Finally, Mn was found to be accumulated within the range 129.68+ 10.50 pgg-1fresh wt for M.
turbinata at S2 and 7.41+£2.51 pgg-1fresh wt for Poly. opaca (S1). In general, heavy metals
bioaccumulation pattern in tested organisms arranged in a descending order as follow:
Cu>Zn>Pb>Mn> Cd in clean site, compared to Cu >Mn>Pb>Zn > Cd in polluted site. It is obvious
that Cu recorded the highest rank whereas Cd recorded the lowest rank in both sites. The presence
of Cu in high concentrations may cause great threat to all marine organisms, including fish
crustacean, phyto- and zoo- plankton, macroalgae and filter feeders (Dadolahi-Sohrab et al., 2011).
The obtained results exhibited that the infestation of Patella caerulea by Poly. opaca at S1 and E.
siliculosus at S2 decreased its ability to accumulate metals, this may be attributed to negative
effect of the parasites, Poly. opaca and E. siliculosus, on metal bioaccumulation and feeding
activity of P. caerulea and / or the exhausting of some metals by the algal species from Patella.
The potential indirect effects of algal parasites on a benthic community of Patella either in clean or
polluted sites may be accounted for by the findings of Moore (2002) who reported that parasites
affect the behavior of their hosts to become adaptive for the parasite.

Table 3: Metal concentrations (X=SD ngg-1 fresh wt) in studied organisms inhabiting clean and
polluted sites at Tubrok city, Libya. Data labeled with different letter are significantly different at
p=<0.05.

Species Cu Zn Pb Cd Mn
S1-Cleansite 14.63+0.87a | 23100580 | 2574+571a | 051+020a | 7.41+251a
1-Poly. opaca

2- 56.29+ 15.91+
HealthyP.caerulea(S1) 9782941 11.54cde S9.17+587c 3.34b 54,55t 7.75d
16.96+

3-Poly. infected Patella | 55.75+10.17b | 51.33+5.07cd | 38.24+7.25b 4.08b 26.45+ 3.44b
4-M. turbinata(S1) 08.92+9.28c | 9259+8.33f | 63.34+9.94c | 24.35+4.55c | 37.61+4.98hc

S2- Polluted site 1785+ 214a | 832+009a | 2002+469a | 077+021a | 46.16+11.36cd
5- E. siliculosus
6- Healthy P. 07.85+1567c | 66.98+6.83 | 66.10:664c | 28.23+4.10c | 48.94+8.86cd
caerulea(S2)
7E.infected Patella | 655248250 | 6031517506 | 46.10:6.64b | 26.89:427C | 28.94+418b

8-M. turbinata(S2) 232.01+10.52d | 47.29+4.97c | 106.68+7.39d | 23.95+2.66c | 129.68+10.50e

*The means in the same column followed with the same letter are statistically non-significant.

Similarly, G'erard and Poullain (2005) revealed that gastropod survival, growth and fecundity
were predominantly affected by various abiotic and biotic stresses such as parasitism and natural
or anthropogenic pollution. Moreover, Yiizereroglu et al. (2010) demonstrated that the heavy metal
accumulation in Patella caerulea is influenced by heavy metal in their allied macroalgae. These
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heavy metals have deactivated proteins, denature enzymes, and disturbed cell functions (Hall,
2002). They also elicit the production of free reactive oxygen species, which in turn impair the
functions of proteins, lipids and DNA causing oxidative stress and ultimately cell death (Kannan
and Jain, 2000).

The peculiar high levels of metals in M. turbinata were noticeable in both sites. This might be
attributed to that gastropods have many resources to accumulate heavy metals beside their
tolerance and longevity. This agrees with Struck et al. (1997) who reported that mussels can
accumulate and integrate several metal concentrations for relatively long intervals from different
sources of their food such as seawater, algal cells, and the ingestion of inorganic particulate
material. In addition, Lobban and Harrison (1997) documented that the growth rates can affect
accumulation patterns, where faster growing lower the concentration levels. The natural
concentrations of metal ions are principally dependent on the ambient distribution, weathering and
leaching of these elements from the soil in the catchment area (Tarvainen et al., 1997). The
differences between the investigated species seemed to be significant in accumulating metals (p <
0.01). The fluctuation in Cu, Zn, Pb, Cd and Mn concentrations showed high significance between
species inhabiting the two sites inspected, except Zn for Poly. opaca and Mn for E. siliculosus (p>
0.01) (Table 3).

Generally, the obtained results evidenced the abilities of the gastropods, M. turbinata and Patella
caerulea to accumulate a wide range of heavy metals. On the other hand, the absence of
Poly.opaca, which restricted to clean water, proved the contamination status of S2, emphasizing
the pronounced effect of heavy metal pollution on algal diversity.

BAFs for different species at the clean site and the polluted site were calculated to compare their
capability for metals accumulation regardless the differences between them Fig. (2).The BAF of
Cd reached its maximum in M. turbinata (1217.61) and its minimum in Poly. opaca (25.64) in the
clean site. Whereas, it reached its maximum in Relationship between Heavy Metal Concentrations
m...
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Figure.2 BAFs for the studied organisms at the clean (S1) and the polluted (S2) sites, Tobruk city,
Libya.

healthy P. caerulea (564.5) and its minimum in E. siliculosus (15.42) in the polluted site. The
highest and lowest Mn-BAFs were found in M. turbinata (617.53) and E. infected Patella (137.82)
in the polluted site, respectively. While, in the clean site, the highest and lowest Mn-BAFs values
were found in healthy P. caerulea (326.64) and Poly. opaca (44.36), respectively. The descending
order of BAFs was Cd >Mn >Pb> Cu > Zn at S1 compared to Mn> Cd > Cu >Pb> Zn at S2. Cd
and Mn displayed the highest BAFs in the clean and the polluted sites respectively. M. turbinata
and P. caerulea, either healthy or infected, tended to accumulate more Cd and Mn at both sites.

In accordance with Mokhtar et al. (2009) heavy metal concentration in aquatic organisms increases
several times over the environmental levels, demonstrating their potentiality as bioindicators.
Moreover, BAFs increased with the size of the periwinkle (Davies et al., 2006) and could be
affected by the passage of a contaminant through the trophic chain (Conti and Cecchetti, 2001).

M. turbinata got the highest metal pollution index (MPI)in both sites Fig. (3).1t followed by
healthy P. caerulea, infected P. caerulea, E. siliculosus and poly. opaca (Fig.3). Organisms
surviving in S2 have a greater capacity for metals bioaccumulation. This may be attributed to that
the longevity of M. turbinata and P. caerulea enables them to accumulate metals than ephemeral
and short- lived algae. In spite of that; macroalgae are able to accumulate trace metals, reaching
thousands of times higher than the corresponding concentrations in sea water (Rai et al., 1981).
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Figure.3 MPI values for the studied organisms in Tobruk coastline, Libya.

It is worthily mentioning that, if complexity with strong organic ligands takes place, the metals
burden in aquatic organisms may not be proportional to their dissolved fraction in seawater,
especially near industrial and sewage outfalls Luoma (1983). In this context, Mokhtar et al. (2009)
explained that MPI provides a representative picture of the environmental state of any
environmental impacts on the aquatic ecosystem.

ANOVA results verified that the variations in seawater metal levels are highly significant
regardless the type of sites (F=25.86, df =4, P < 0.01, Table 4).The variance percentage for Zn
(97.6 %) may be responsible for this increment in significance.

Relationship between Heavy Metal Concentrations in ... Scientific Journal for Damietta Faculty of
Science 5 (1) 2015, 91-10097

Table 4: Two way ANOVA for seawater heavy metals at the studied sites, Tubrok city, Libya.

\?Zl;i;i? g:\ SS Df MS F P-value F crit
Metals 88.9082 4 22.22705 25.8641 0.004054 | 6.388233
Sites 1.484561 1 1.484561 | 1.727482 | 0.259032 | 7.708647
Error 3.437514 4 0.859378
Total 93.83027 9

The two-way ANOVA analysis performed on the data (Table 5) indicates that the element ratios in
species inhabiting different sites are statistically distinguishable from each other. Highly
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significant differences between species (F= 273.46, df=7, P < 0.01); between metals (F= 289.15,
df=4, P < 0.01) as well as the interaction between species and metals (F= 2389.23, df = 28, P <
0.01) are recorded. The variance percentages of M. turbinata at S2 (65.12%), M. turbinata at S1
(10.53 %) and P. caerulea at S1, (8.24 %) were responsible for the peculiar elevation in this
significance emphasizing their promising role in biomonitoring programs.

Table 5: Two way ANOVA for heavy metals detected in organisms inhabiting the studied sites,
Al-Hanyaa city, Libya (n = 3).

- Source of ss df MS F Pvalue | Fecrit
Variation
Species 92103.55 7 13157.65 273.4643 | 4.16E-53 2.126324
Metals 55648.87 4 13912.22 289.147 1.04E-46 2.485885
Interaction | 66898.36 28 2389.227 | 49.65691 1.11E-39 1.617112
Within 3849.175 80 48.11469
Total 218500 119

As shown in Table (6), species were significantly correlated with sites, Cu, Pb, Mn and Cd. Sites
correlated with Mn. Copper correlated with Pb, Mn and Cd. Zn correlated with Pb and Cd. Finally,
Pb was significantly correlated with Mn and Cd. These results shed some lights on the complicated
relation between different elements control the abilities of different organisms to bioconcentrate
contaminants in their tissues.

Table 6: Pearson's correlation analysis between species, sites, metals and their interactions.

Species Sites Cu Zn Pb Mn Cd
Species 1

Sites 873** 1

Cu 594** .283** 1

Zn 167 -.204 392 1

Pb 561** 249 957** 505* 1

Mn 633** 461* 891** .056 .805** 1

Cd 582** 257 H595** J97** 667** .348 1

* Correlation is significant at 0.05 levels.
** Correlation is significant at 0.01 level.
Data in Table (7) showed that, a significant positive correlation (P <0.01) exists between Cu and
Zn, Pb, Cd and Mn in the clean site and Pb and Mn in the polluted site. Zn positively correlated
with Pb and Cd in the clean site and with Cd in the polluted site. The obtained results showed a
significant positive correlation between Pb and Mn in both sites at p< 0.05.The competitions on
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binding sites and bioavailability may consider as important factors affecting the correlation
between metals.

Table 7: Pearson's correlation analysis between species, sites, metals and their interactions.

Clean site Polluted site
Cu Zn Pb Cd | Mn Cu Zn Pb Cd | Mn
Cu 1 1
Zn | 0.817* 1 0.381 1
Pb | 0.903** | 0.843* 1 0.968** | 0.504 1
Cd | 0.821* | 0.892** | 0.713 1 0.499 | 0.926** | 0.634 1
Mn | 0.913** | 0.608 | 0.782* | 0690 | 1 | 0.889** | -0.0171 | 0.809* | 0.130| 1

Cluster analysis was applied in order to determine the similarity between the species investigated,
species classified into five groups depending on their similarity in metal accumulation efficiency
(Fig. 4). Group A consists of the same species, healthy P. caerulea in S1 and S2 (with = 95%),
this may be attributed to their similarity in the efficiency of metal accumulation. Group A was
similar with group C with more than 90%. Group A and C were similar with group B with = 80%.
Group A, B, and C were similar with E (M. turbinata atS2) with more than 60%. Poly. opaca and
E. siliculosus have the similar pattern in metal accumulation. Poly. infected Patella and E. infected
Patella seemed to be similar in their metals accumulation (with = 60%). Likewise, healthy P.
caerulea in S1 and S2 are similar in their efficiency for metal uptake. This may be attributed to P.
caerulea stability and consistency for pollution and infection with any algal species. The cluster
emphasized most of the previous results and facilitated data analysis and comparison between
species.

4. Conclusion

The investigated species can be classified depending on their susceptibility to metal pollution as
follow:

- E. siliculosus was limited to polluted seawater. It can be used as an indicator for water pollution.
- Poly. opaca was limited to clean seawater where it seems to be sensitive to pollution status.

- Gastropods have a higher longevity than macroalgae. So, they exhibit better bioaccumulative
properties towards all metals except Mn accumulated by E. infected Patella. Generally, M.
turbinata and P. caerulea were more tolerant and accumulator agents than the algal species poly.
opaca and E. siliculosus.
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- The descending order of BAFs was Cd >Mn>Pb> Cu > Zn in the clean site compared to Mn> Cd
>Cu >Pb> Zn in the polluted site. Cd

and Mn displayed the highest BAFs in the clean and the polluted sites respectively.

- The descending order of MPI was M. turbinata> healthy P. caerulea have a greater capacity for
metal bioaccumulation than infected P. caerulea>poly. opaca>E. siliculosus in both sites.

- Evaluation of heavy metal pollution using marine biomonitors and employing new techniques
and accounts such as bioaccumulation factors (BAFs) and metal pollution index (MPI) has become
more accurate, easy and clear.

- Poly. opaca and E. siliculosus are considered dependable tools for monitoring biodiversity on the
coast referring to water quality. So, the presence or absence of macroalgal species would be a good
indicator for the quality for seawater

References

[1].  Abbott IA (1999) Marine red algae Hawahan Islands. Bishop Museum. Honolulu, Hawai.

[2]. Amin B, Ismail A, Aziz A, Yap CK, Kamarudin MS (2009) Gastropod Assemblages as
Indicators of Sediment Metal Contamination in Mangroves of Dumai, Sumatra, Indonesia.
Water Air Soil Pollut. 201:9-18.

[3].  Amorim WB, Hayashi AM, Pimentel PF and da Silva MGC (2003) A Study of Desorption
of Hexavalent Chromium. Braz J Chem Eng. 20:283-289.

[4].  Association of Official Analysis Chemists (AOAC) (1980) Official Method of analysis.
13th edition. Washington D.C.

[5]. Barron, MG (1995) Bioaccumulation and concentration in aquatic organisms. In: D. J.
Hoffman, B. A. Rattner, G.A. Burton, Jr. Cairns (eds) Handbook of Ecotoxicology. Lewis
Publishers, Boca Raton. pp. 652-666.

[6]. Borradaile LA, Potts FA, Eastham, LES and Saunders, JT (1977) The invertebrata, 4th
edition. Cambridge University Press. 820 pp.

[7].  Canli M, Atli G (2003) The relationships between heavy metal (Cd, Cr, Cu, Fe, Pb, Zn)
levels and the size of six Mediterranean fish species. Environ Pollut. 121: 129 - 136.

[8]. Conti ME, Cecchetti G (2001) Biological monitoring: lichens as bioindicators of air
pollution assessment — a review. Environ Pollut.114:471-492.

[9]. Dadolahi-Sohrab A, Nikvarz A, Nabavi SMB, Safahyeh A, Ketal-Mohseni M (2011)
Environmental Monitoring of Heavy Metals inRelationship between HeavyMetal

[10]. Concentrations in ... Scientific Journal for Damietta Faculty of Science 5 (1) 2015, 91-
100Seaweed and Associated Sediment from the Straitof Hormuz, I.R. Iran. World J Fish
Mar Sci. 3 (6): 576-589.

H Vol.9 (1),82-96,June 2019



[11].

[12].

[13].
[14].
[15].
[16].
[17].
[18].
[19].
[20].
[21].
[22].
[23].
[24].

[25].

[26].

[27].

[28].

Relationship between Heavy Metal......

Davies OA, Allison ME, Uyi HS (2006) Bioaccumulation of heavy metals in water,
sediment and periwinkle (Tympanotonusfuscatus var. radula) from the Elechi Creek, Niger
Delta. Afr J Biotechnol. 5 (10): 968-973.

El-Sikaily A, Khaled A, EI Nemr A (2004) Heavy metals monitoring using bivalves from
Mediterranean Sea and Red Sea. Environ Monit Assess. 98: 41-58.
EnvironmentalProtection Agency (EPA) (2014) National Recommended Water

Quiality Criteria.
http://water.epa.gov/scitech/swguidance/standards/criteria/current/index.cfm.

G'erard C, PoullainV (2005) Variation in the response of the invasive species
Potamopyrgus antipodarum (Smith) to natural (cyanobacterial toxin) and anthropogenic
(herbicide atrazine) stressors. Environ. Pollut. 138: 28-33.

Gopinath A, Muraleedharan NS, Chandramohanakumar N, JayalakshmiKV (2011)
Statistical significance of biomonitoring of marine algae for trace metal levels in a coral
environment. Environ Forensics.12(1):98-105.

Hall JL (2002) Cellular mechanisms for heavy metal detoxification and tolerance. J. Exp.
Bot.53:1-11.

Hashim MA, Chu KH (2004) Biosorption of cadmium by brown, green and red seaweeds.
Chem. Eng. J.97: 249-255.

Haug A, Larsen B, Smidsrgd O (1974) Uronic acid sequence in alginate from different
sources. Carbohydr. Res. 32:217-225.

He M, Wang Z, Tang H (1998) The chemical, toxicological and ecological studies in
assessing the heavy metal pollution in Le An river, China. Water Res. 32: 510-518.

Kannan K, Jain SK (2000) Oxidative stress and apoptosis. Pathophysiology 7: 153-163.
Leal MCF, Vasconcelos MT, Sousa-Pinto I, Cabral JPS (1997) Biomonitoring with benthic
macroalgae and direct assay of heavy metals in seawater of the Oporto coast (Northwest
Portugal). Mar. Pollut. Bull. 34 (12): 1006— 1015.

Lobban CS, Harrison PJ (1997) Seaweed Ecology and Physiology. Cambridge Univ. Press,
Cambridge. 366.

Luoma SN (1983) Bioavailability of trace metals to aquatic organisms — a review. Sci.
Total Environ. 28:1- 22.

Mendil D, Uluozlu OD, Hasdemir E, Tuzen M, Sari H, Suicmez M (2005) Determination
of trace metal levels in seven fish species in lakes in Tokat, Turkey. Food Chem. 90: 175 -
179.

Mokhtar MB, Aris AZ, Munusamy V, Praveena SM (2009) Assessment level of heavy
metals in Penaeus Monodonta and Oreochromis Spp in selected aquaculture ponds of high
densities development area. Eur. J. Sci. Res. 30 (3): 348-360.

Moore J (2002) Parasites and the behaviour of animals. Oxford University Press, New
York.

Northon TA, Melkonian M, Andersen RA (1996) Algae biodiversity. Phycologia 35: 308-
326.

\Vol.9(1), June 2019



[29].

[30].
[31].
[32].

[33].

[34].
[35].
[36].
[37].

[38].

[39].

[40].
[41].

[42].

[43].

[44].

[45].

Nouria S. EImanafi and Faiz O. Elqutaan

Olowu, RA , Ayejuyo OO, Adewuyi GO, Adejoro IA, Denloye AAB, Babatunde AO,
Ogundajo AL (2010) Determination of heavy metals in fish tissues, water and sediment
from Epe and Badagry lagoons, Lagos, Nigeria. E Journal Chemistry. 7(1): 215-221.

Rai LC, Gaur JP, Kumar HD (1981) Phycology and heavy metal pollution. Biol. Rev. 56:
99-151.

Rainbow PS (1995) Biomonitoring of heavy metal availability in the marine environment.
Mar. Pollut. Bull. 8 (1):16-19.

SPSS Inc. (2012): Statistical package for the social sciences (SPSS) 20 for windows.
Chicagoo, USA.

Struck BD, Pelzer R, Ostapczuk P, Emons H, Mohl C (1997) Statistical evaluation of
ecosystem properties influencing the uptake of As, Cd, Co, Cu, Hg, Mn, Ni, Pb and Zn in
seaweed (Fucus vesiculosus) and common mussel (Mytilusedulis). Sci. Total Environ. 207:
29-42.

Tarrio J, Jaffor M, Ashraf M (1991) Levels of selected heavy metals in commercial fish
from five fresh water lake Pakistan. Toxicol. Environ. Chem. 33: 133-4 140.

Tarvainen T, Lahermo P, Mannio J (1997) Sources of trace metals in streams and
headwater lakes in Finland. Water Air Soil pollut. 94: 1-32.

Traunspurger W, Drews C (1996) Toxicity analysis of freshwater and marine sediments
with meio- and macrobenthic organisms: a review. Hydrobiol. 328:215-261.

Usero J, Gonzalez-Regalado E, Gracia | (1996) Trace Metals in the Bivalve Mollusc
Chameleagallina from the Atlantic Coast of Southern Spain. Mar. Pollut. Bull. 32: 305-310.
Volterra L, Conti M E (2000) Algae as biomarkers, bioaccumulators and toxin producers.
In: M.E. Conti, F. Botre™ (eds) The control of marine pollution: current status and future
trends. Int. J. Environ. Pollut.13 (1-6): 92-125, Inderscience Enterprises Ltd.

Wijesinghe WAJP, Jeon YJ (2011) Biological activities and potential cosmiceutical
applications of bioactive components from brown seaweeds: a review. Phytochem. Rev 10:
431-443.

WoRMS Editorial Board (2013) World Register of Marine Species. Available from
http://www.marinespecies.org at VLIZ.

Relationship between Heavy Metal Concentrations in ... Scientific Journal for Damietta
Faculty of Science 5 (1) 2015, 91-100100

Yayintas OT, Yilmaz S, Turkoglu M, Dilgin Y (2007) Determination of heavy metal
pollution with environmental physicochemical parameters in waste water of Kocabas
Stream (Biga, Canakkale, Turkey) by ICP-AES. Environ. Monit. Assess, 127: 389 - 397.
Yiizereroglu TA, Gok G, Cogun HY, Firat 6, Aslanyavrusu S, Maruldah O, Kargin F
(2010) Heavy metals in Patella caerulea (Mollusca, Iskenderum Gulf (Mediterranean
Turkey). Environ. Monit. Assess. 167: 257-264.

Zabochnicka-Swiatek M, Krzywonos M (2014) Potentials of biosorption and
bioaccumulation processes for heavy metal removal. Pol. J Environ Stud. 23 (2): 551-561.
Zalewska T, Saniewski M (2011) Bioaccumulation of gamma emitting radionuclides in red
algae from the Baltic Sea under laboratory conditions. Oceanologia. 53 (2): 631-650.

Vol.9 (1),82-96,June 2019



