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ABSTRACT

The present study focuses on the effect of discharged wastes on the precipitation of some
minerals (calcite, aragonite, dolomite, fluorite and sellaite) as well as the chemical composi-
tion of seawater water columns along the eastern Egyptian Mediterranean Sea coast. This
coast is subjected to different discharge waters containing agricultural, industrial, sewage
and domestic wastes coming from the Nile River, the North Lakes as well as other different
outlets. Variable levels of physicochemical parameters including temperature (T; 15.34-
23.12°C), salinity (38.50-40.33%), pH (8.05-8.31), bicarbonate (HCOj;; 63.73-147.22 mg/1),
carbonate (COj; 10.01-23.34 mg/l), calcium (Ca; 263.68-791.05 mg/1), magnesium (Mg;
799.67-2452.32 mg/1) and fluoride (F; 0.56—4.76 mg/1) were measured. Amongst the mineral
production values that were calculated by saturation index (SI), fluorite and sellaite calcula-
tions almost showed values <1, especially in the Rosetta and Damietta sectors which are
affected by the Nile River. Marine organisms were influenced by the change in the physico-
chemical parameters along the investigated coastal area and showed aragonite and high-Mg
calcite formation. Obviously, the statistical analyses of correlation matrix, ANOVA: two-fac-
tor without replication and stepwise regression of the present data explored the effect of the
discharged effluents on the minerals formation and the chemical composition of seawater
along the studied area. Additionally, the results showed the possible public health hazard
from marine organism’s ingestion and seawater contact along the polluted areas. Accord-
ingly, it seems advisable to reduce the pollution by discharged wastes into the Egyptian
coastal ecosystems.
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1. Introduction

The behaviour of some seawater’s mineral consti-
tutes is affected by both untreated discharged waters
and different outlets that fall along the coastal zones
[1]. Water contacting with rock forms minerals with
considerable amounts and different ions in the solu-
tion. The effect of such ions or the so-called ionic
strength on mineral dissolution rates was studied [2].
Recalling that, large number of works has shown the
growth and dissolution rates of the ionic minerals
which are influenced by the ratio of anion to cation
concentrations in the solution [3,4]. For example, fluo-
rite is the most important fluorine bearing mineral
phase in the Earth’s crust that control the fluoride (F)
concentration in seawater and in other natural aqueous
solutions [5]. Fluoride can interact with some seawater
constituents and causes adverse effects on the marine
ecosystem due to the formation, precipitation and dis-
solution of some mineral forms [1]. Fluorine is a reac-
tive element which can combine practically with all of
the inorganic and organic compounds [6,7]. In minerals
and water, fluorine occurs as fluoride ions (F ), which
are released into aqueous solutions during weathering
processes. The average fluorine concentration in the
crust is estimated at 0.05-0.1% or 500-1,000 mg/kg
and ranks 13th among the elements [7]. The primary
fluoride sources for waters are fluorite (CaF,), cryolite
(NagAlFe), fluorapatite (Cas(PO4)3F) and apophyllite.
Also, the OH -bearing minerals such as micas (biotite,
phlogopite, lepidolite, etc.) as well as amphiboles con-
tain high levels of fluorine (0.2-1.1%) can contribute to
fluorides in water [8]. Recalling that, fluoride can
replace OH  in the Ferromagnesian silicates (amphi-
boles and micas), and clay minerals [9,10]. Fluoride is
an essential component for the normal mineralization
of bones and the formation of dental enamel [7]. On
the other hand, the anthropogenic fluoride contamina-
tion of seawater is mainly accompanied with mineral
processing industries such as coal-fired power station,
beryllium extraction plants, brick and iron works and
aluminium smelter [11]. Acute oral exposure to
fluoride may cause nausea, vomiting, abdominal pain,
diarrhea, fatigue, drowsiness, coma, convulsions, car-
diac arrest and even death [7]. Also, fluoride possibly
produces calcification of muscles, osteosclerosis as well
as decreases the production of erythrocytes in the
long-term exposure. Additionally, it can affect the
physiological processes including metabolism, growth
and reproduction [12,13].

The seeded crystals and microscopic growth rate
measurements showed the significant kinetic depen-
dence of calcite on solution stoichiometry [14]. Calcite
and carbonate minerals are major constituents of
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sedimentary rocks on the earth surface, comprising
approximately 20% of them [2]. Understanding the
mechanisms of their dissolution is essential for the
modelling of geochemical cycles [15] and more
recently for modelling systems for CO, storage [16].
Calcite occurs as inorganic and biogenic precipitates
in both nature and anthropogenic systems [14].
However, calcite dissolution rates are influenced by
the presence of dissolved organic species, including
sedimentary in basins and marine ecosystem during
carbon storage processes as well as the Earth’s surface
during the procedures of both chemical weathering
and bio-mineralization [17].

Dolomite (CaMg(CO;),) is considered as an unu-
sual, metastable mineral, and its chemical properties
behaviour should be put in context with other, most
important carbonate minerals: calcite (CaCO;) and
magnesite (MgCOg; [18]). The crystal structure of mag-
nesite resembles the calcite one, and then magnesite
properties are similar to those of calcite. Dolomite is
thermodynamically unstable, and the dedolomitisation
in alkaline media is represented by the following
reaction [19]:

CaMg(CO;), + Ca(OH), = 2CaCO; + Mg(OH),

The reverse process of dolomitisation occurs dur-
ing the evaporation of seawater and its kinetics is
affected by the simultaneous action of H*, H,CO3 and
H,0 [20].

This study concentrates on the factors affecting the
mineral composition of calcite, aragonite, dolomite,
fluorite and sellaite in some hot spots regions along
the eastern Egyptian Mediterranean Sea coast.

2. Materials and methods
2.1. Description of study area

Six  perpendicular sectors, namely Rosetta,
El-Burullus, Damietta, Port Said, El-Bardaweel and
El-Arish were selected to represent the eastern Egyp-
tian Mediterranean Sea coast (Fig. 1 and Table 1).
These sectors are influenced by the discharged waters
containing agricultural, industrial, domestic and
sewage wastes (Table 1).

2.2. Sampling and physicochemical parameters
determination

A total of 97 seawater samples were collected from
the six sectors in the area of study during 5-7 May
2013 by El Yarmouk ship (R/V). These samples were
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Mediterranean Sea

Scale
1:7000000
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Fig. 1. Sampling locations for the investigated area.

Table 1
The description of sampling sectors along the eastern coast of the Egyptian Mediterranean Sea
Sector Station Longitude (E) Latitude (N)  Depth (m) Pollution sources
Rosetta F5 30.4979 32.0068 0-200 Outlet of Nile River discharge agricultural,
F4 30.4996 31.9196 0-100 domestic and industrial wastes
F3 30.5022 31.8267 0-50
F2 30.4961 31.633 0-20
F1 30.4970 31.5297 0-10
El-Burullus G5 31.0011 32.0715 0-200 Mainly agriculture drainage water
G4 31.0021 31.9841 0-100
G3 31.0001 31.8859 0-50
G2 31.0026 31.696 0-20
G1 31.0003 31.6466 0-10
Damietta H5 31.5011 32.0829 0-200 Raw sewage, agricultural and industrial effluents
H4 31.4979 32.0164 0-100
H3 31.5025 31.7783 0-50
H2 31.4993 31.6381 0-20
H1 31.4990 31.5363 0-10
Port Said 15 31.9975 32.0011 0-200 Industrial, agricultural, sewage and
14 32.0005 31.9181 0-100 commercial wastes from Lake Manzala
I3 31.9901 31.7666 0-50
2 31.9983 31.6912 0-20
I 31.9977 31.5851 0-10
El-Bardaweel J5 32.4970 31.8433 0-200
J4 32.5009 31.8030 0-100
J3 32.4986 31.7161 0-50
]2 32.5058 31.3849 0-20
J1 32.5102 31.2843 0-10
El-Arish K5 33.5028 31.5202 0-200 Public beach and flash flood water from
K4 33.5055 31.4993 0-100 the north and the central of Sinai [56]
K3 33.5085 31.3779 0-50
K2 33.5051 31.3076 0-20

K1 33.5064 31.2423 0-10
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gathered from different depths (surface to 200 m)
along five stations in each sector. The samples were
preserved in clean polyethylene bottles and then
immediately were frozen at —20°C. The frozen samples
were transferred to the National Institute of Oceanog-
raphy and Fisheries and kept frozen at —20°C. Fluo-
ride ion concentration was determined by the
colorimetric procedure of zirconium alizarin red S
[21,22] using a UV-visible single beam Spectronic 21
D Milton Roy spectrophotometer. Calcium and mag-
nesium were determined by EDTA titration in the
presence of murexide and Eriochrome black T indica-
tors, respectively [23]. Total alkalinity was measured
using a potentiometric titration with an open cell sys-
tem [24]. TA calibration was carried out using certified
reference material CRM batch 15 provided by Dickson.
The pH was measured on a total scale using pH +0.02
(Jenway Model 3505 pH) using tris-buffer. Carbonate
and bicarbonate concentration were calculated by
applying CO,SYS to inorganic carbon system parame-
ters (CO3;, HCO3, Qcal, Qarg)- Salinity and temperature
at the different water column depths were measured
by CTD-Sea-Bird 19plus.

2.3. Saturation index calculation

The saturation index (SI) for the minerals of fluo-
ride, calcium and magnesium was calculated as the
product of the molar concentrations of the component
ions divided by its equilibrium solubility constant
(Ksp) [25]. The calculated Kgp values of calcite, arago-
nite, dolomite, fluorite and sellaite were 3.36 x 107,
60x107°, 1x107", 345x10""" and 5.16x107",
respectively [26]. However, SI<1 indicates that the
water is under saturated with respect to that particu-
lar mineral. Whereas, SI>1 specifies that water is
oversaturated with respect to the particular mineral
and therefore incapable of dissolving more.

2.4. Statistical analyses

The statistical analyses of the correlation matrix
and multiple regression equations for the data were
done using Statistica version 5.0. The ANOVA: two
factor without replication was conducted with Micro-
soft Office Excel 2007. Statistical analyses were applied
among the determined parameters of temperature,
salinity, pH, bicarbonate, carbonate, calcium, magne-
sium, fluoride and the SI of minerals (calcite, arago-
nite, dolomite, fluorite and sellaite). Moreover, r
(correlation coefficient) and R (multiple regression
coefficient) values were measured at a significant level
of a=0.05.
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3. Results and discussion
3.1. Physicochemical parameters

The distributed levels and the horizontal and verti-
cal patterns of the measured physical parameters
including temperature and salinity along the studied
area are shown in Figs. 2 and 3. The minimum and
maximum temperatures 1534 and 23.12°C are
recorded at 200 m in Rosetta and at the surface in
El-Bardaweel, respectively. The vertical variation of
temperature shows a gradual decrease from the sur-
face to 200 m depth which is characterized by low
temperature values at El-Burullus and El-Bardaweel
sectors (Fig. 3). The salinity ranges from 38.50 to
40.33%0 at the surface of station F1 (Rosetta sector)
and the 20 m of station J2 (El-Bardaweel), respectively.
The horizontal and vertical distribution patterns of
salinity give a gradual decrease from the eastern to
the western sides (Figs. 2 and 3). The high salinity
values are recorded along El-Bardaweel and El-Arish
sectors. This observation is related to the huge
discharge waters falling into seawater from Rosetta,
El-Burullus, Damietta and from the different outlets in
the investigated region [27].

3.2. Chemical parameters

The different chemical parameters of pH, bicarbon-
ate (HCOy), carbonate (COj5 2, calcium (Ca*?), magne-
sium (Mg*?) and fluoride (F) are determined
(Table 2). The pHs show relatively similar values
ranging from 8.05 to 8.31. The high pHs are detected
at the eastern and the western district of the area
under investigation, however, the low pHs are
detected in Port-Said and El-Bardaweel sectors (Figs. 2
and 3). Generally, pH values attribute to aquatic envi-
ronmental factors such as photosynthetic activity and
respiration of aquatic organisms, decomposition of
organic matter, precipitation, dissolution, temperature,
salinity and oxidation-reduction reactions [28], that is,
besides the discharge of fresh water with low pH at
these sites. The lower values near the bottom reflect
the dissolution of CaCOj; from the sediment and the
respiration of marine organisms [29]. Meanwhile, the
higher ones at the top of the water column may be
attributed to the uptake of CO,, the precipitation of
CaCOj3; and photosynthesis of marine plants.

Bicarbonate and carbonate fluctuate from mini-
mums 63.73 and 10.01 and maximums 144.64 and
23.34 mg/1 along the different sectors, respectively
(Table 2). They show drastically different distributions
with relatively similar horizontal and vertical patterns
along the studied area (Figs. 2 and 3). The high levels
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Fig. 2. Horizontal distribution of the physicochemical parameters and saturation index (SI) of minerals in surface water

along the eastern Egyptian Mediterranean Sea coast.

are recorded in Rosetta and El-Arish sectors. The hori-
zontal patterns of bicarbonate and carbonate contents
have similar relative distribution to the pH levels
along the studied region (Fig. 2) and pH and carbon-
ate and carbonate and bicarbonate show high signifi-
cant relations (r=0.546; p<0.005 and r=0.632;
p < 0.005, respectively; Table 3), recalling that calcium
carbonate dissolves in an acidic medium [14]. Also,
the measured carbonate content has a high significant

relation with temperature values (r=0.340; p < 0.005),
reflecting the decrease in the precipitation of CaCOs in
low temperatures [17].

The minimum and maximum calcium and magne-
sium contents range between 263.68 and 799.67 and
791.05 and 2,452.33 mg/1, respectively (Table 2). How-
ever, the lowest calcium level (263.68 mg/1) is detected
at 20 m of station J5 in El-Bardaweel and the maxi-
mum ones are recorded at El-Burullus, El-Bardaweel
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3.78-3.83 3.53-3.58 6.31-3.36

291-
3.84

4.38-4.72

1386.10-
1492.72

8.21- 93.97-

8.27

K2

527.37

17.26-17.66 351.58-

105.45

1.49-1.50

0.86-0.93

3.62-3.74 3.37-3.48 6.15-6.26

2.88-
347

5.56-6.27

1172.85-
1652.65

97.28-
101.38

8.21-

8.22

K1

439.47

0.80+£0.23 1.30+

359+0.11 6.36+0.11

3.84 +
0.11

246 +
0.74

4.71+0.83

1626.00 =
194.89

97.88+7.63 15.89+2.58 593.29 +

Average + SD

0.22

130.50
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and El-Arish sectors (791.05 mg/l, Table 2).
Meanwhile, the minimum (799.67 mg/l) and
maximum (2,452.33 mg/1) contents of magnesium are
determined at 100 m in station J5 sector El-Barrdaweel
and 20 m in station G2 sector El-Burullus, respectively.
It seems from the present study that the concentra-
tions of calcium and magnesium are variable and dif-
fer from those recorded for open seawater (412 and
1,294 mg/1, respectively; [30]). This possibly relates to
discharged waters, the formation and dissolution of
minerals, pH value, CO, level, phototropic species,
presence of potassium and sodium salts that increase
CaCO; solubility, as well as the reaction of phosphate
ion with Ca*? to form calcium phosphate [28,31,32].
The significant positive correlation between magne-
sium and bicarbonate (r =0.246; p < 0.05; Table 3) indi-
cates that the dissociation of hydrated carbon dioxide
is accompanied with magnesium ions in the seawater
column [28]. El-Said [31] detected higher calcium and
magnesium contents (549.7+63.2 and 1349.7
204.0 mg/l, respectively) in 2011 than those
documented for open seawater [30].

The seawater molar magnesium calcium ratio
(mMg/Ca) views the growth of calcitic vs. aragonitic
marine organisms and the deposition of inorganic car-
bonates as well as the status of ocean-atmosphere
CO, exchange [33,34]. Also, abiogenic carbonates pre-
cipitated from seawater is affected by several factors,
including temperature, precipitation rate, fluid inclu-
sions, amorphous calcium carbonate precursors, ion
attachment/detachment Kkinetics, surface entrapment
and Mg speciation [35]. However, the polymorph min-
eralogy of CaCOj; that precipitated abiotically from
seawater is determined by the molar ratio of Mg/Ca
(mMg/Ca < 2 = calcite; mMg/Ca > 2 = arago-
nite + high-Mg calcite) with a range of 1.0-5.2 over
Precambrian time. The determined mMg/Ca in the
present work shows values >2 (2.02-11.12; Table 2),
indicating the formation of aragonite and high-Mg cal-
cite in the marine organisms in the investigated area.
However, the highest average of mMg/Ca ratio is
recorded in Damietta sector (7.14 +1.03); and the low-
est average value is determined in El-Arish location
(4.71 £ 0.83).

Fluoride varies from 0.56 to 4.76 mg/1 at 50 m of
F3 and at 200 m in Rosetta and in G5 of El-Burullus,
respectively (Table 2). Almost all the presented sectors
give fluoride concentrations differ from the reported
levels for unpolluted seawaters (1.2-1.5mg/1; [13]),
except Rosetta and Damietta regions, due to the fresh
water discharged from the Nile River through these
branches containing the contaminated wastes. It seems
from the present results that fluoride adsorbs and dis-
solutes near the bottom of the Mediterranean Sea,
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o0 S especially at the sediment water interface. Indeed, the
= z sediments of the Rosetta sector; the western part of
the Nile Shelf is mainly composed of aragonite, calcite
== and apatite minerals [36]. The replacement of fluoride
S ez with hydroxide ions in some minerals near the
seafloor may explain the low F~ concentrations (1.10 +
o o 0.38 mg/1; Table 2) along the water columns of the sta-
§ =8 tions of Rosetta sector [37]. However, it was recorded
=3 =77 that fluoride can replace the hydroxyl group in
hydroxyapatite [38]. Also, Fluoride concentrations are
2 governed by adsorption equilibria on sediment and by
g v fluorite solubility. However, the ion exchange reaction
g 8 ;! = ‘_Cl,: can be expressed as follows [39,40]:
— (e}
& CaCOjs(s) + 2F (aq) = CaF,(s) + CO5? (aq)
g
< SRINZ High average fluoride concentrations recorded in
< —S I oS El-Burullus, El-Bardaweel, Port Said and El-Arish
= sectors may be related to the solubility of fluoride
E L cowmdom minerals in the presence of high carbonate contents
2| = 2S8%2: 3 and the discharged waters containing the agricultural,
w v —me el industrial and sewage wastes (Tables 1 and 2). The
A previous works showed higher fluoride contents of
ot .% - § 5 E o 2 § 1.36-3.10, 1.39-12.90, 2.36-12.9 and 5.8-6.8 mg/I along
—qg" = g SS o ® ; S the Egyptian Mediterranean Sea coast during 1996,
= @ - < 2000-2001, 2006 and 2011, respectively [31,41,42], than
g o that reported for unpolluted areas (1.2-1.5 mg/1; [13]).
§ = coRR5 409 The high fluoride levels can be accumulated by mar-
s _% S SS=S823 ine organisms in soft and hard tissues leading to
2 - —e bt bie b many physiological effects to these organisms and
: § finally to death. Additionally, the increase in fluoride
3 = :c: E,\: § § % § g D < in seawater possibly causes adverse effects on human
= 8 SPSIFIISS \; health from the consumption of the gathered fish,
g = bivalve, crabs, shrimp and gastropod species
& g [13,42-45]
=S caSVonIRael| ' .
S|o SeaanFFo—acod| b
£l S8 =a| G
o —o |l ool | oo . . L
< ) 3.3. Mineral species precipitation
] e
;’;; oy e e o w S ; Saturation indices of calcite, aragonite, dolomite,
5 % S % S § g @ S § 28 fluorite and sellaite minerals are calculated (Table 2).
5| L —lTSesscsscss T | 3 It seems from the estimated values and horizontal and
5 E vertical patterns of the log saturation indices that cal-
% @) = § § © g § g = cite, aragonite and dolomite species are formed
k> : S E = § S i § SSSS| v (SI > 1) along the water columns of the investigated
2 - = region (Figs. 2 and 3). They have ranges of 2.83-4.81,
= N Gw oo g 2.58-4.55 and 0.99-7.33, respectively (Table 2). El-Bu-
° SEZ=Zg8{E==2283 Eo rullus sector shows minimum precipitations of calcite,
é T2 PTIIERTTTITITTE| = aragonite and dolomite with saturation indices aver-
g ‘g ages of 3.04+0.10, 2.78+0.10 and 5.32 +1.05, respec-
g | & Lo < tively (Table 2 and Figs. 2 and 3). This possibly relates
o5 ‘g 2. 2og 'g *é = to the huge discharged waters which contain agricul-
SE| 8 O= 8 S § KSR ol 2 tural, industrial,domestic and sewage contaminants.
& 8 & Eg EToEES & 8 LSS 2 Meanwhile, seawater is known to be practically
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saturated with respect to calcium carbonate in the
form of calcite and aragonite. This fact is in agreement
with some observations on the super saturation with
CaCO; [14,46]. The degree of super saturation is con-
trolling with the thermodynamics and kinetics of
growth processes of calcite as well as the influence of
the Ca*™:COJ? activity ratio [47]. There is a relation-
ship involving the CO,-HCO;-CO;? equilibrium,
water and hydrogen ion concentration [28]. This rela-
tion is affected by different factors including phototro-
pic species, pH, temperature, some ions such as
calcium, magnesium, sodium and potassium, some
minerals, for example, the minerals of fluoride, sul-
phate and silicate and sedimentary beds containing
minerals in the marine origin [28]. Moreover, fluorite
and sellaite minerals can be formed in all the sectors
except Rosetta and Damietta ones that give SI < 1 with
averages of (—0.52+1.00 and 0.24+0.17) and (0.04 +
1.01 and 0.84 +0.18), respectively (Table 2). These fluo-
ride minerals seem to be in equilibrium with their
ionic species in the two previously mentioned sectors
which are in front of the two branches of the Nile
River. It was recorded that the chemistry of seawater
in estuaries is dominated by river’s one (fresh water)
at which the ion pair of fluoride with magnesium is
not as strong as the tendency to form complexes with
other elements such as aluminium and thorium [48].
However, 51% of fluoride ion exists in seawater in the
free form (F") and the remaining ones make ion pairs
with magnesium (MgF") and calcium (CaF") with per-
centages of 46 and 2, respectively [49]. Accordingly,
the horizontal and vertical distributions for both fluo-
rite and sellaite minerals have trends similar to the
salinity and pH ones (Figs. 2 and 3), since they give
high negative and positive correlations with pH (r
=-0.286, p<0.05 and r=-0.258, p <0.005, respec-
tively) and salinity (r=0.366, p <0.005 and r=0.351,
p <0.005), respectively (Table 3). Also, the present
results reflect the possible dissolution and formation
of fluorite and sellaite minerals in the presence of car-
bonate and bicarbonate species [40] by their significant
relations (r=-0.408, p < 0.005 and r=-0.372, p < 0.005,
respectively; Table 3). Additionally, the previous rela-
tions are confirmed by the significant negative rela-
tionships of F and CO;, fluorite and COj;, sellaite and
CO;, F and calcite, F and aragonite and F and dolo-
mite (Table 3). The high negative relations of fluorite
and calcite, fluorite and aragonite, sellaite and calcite
and sellaite and aragonite show high negative rela-
tions (r=-0.277, r=—0.278, r=-0.370 and r=-0.371,
respectively; Table 3) which may be accompanied with
the adsorption and simultaneous co-precipitation
processes of fluoride with carbonate minerals by
ion exchange or surface chemical reaction [50].
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Additionally, this reverse relation between fluorite and
carbonate minerals possibly related to the adsorption
equilibria onto sediment surface and by fluorite solubil-
ity [40]. The formation of fluorite minerals in the inves-
tigated area is recorded by its high positive relationship
with fluoride contents (r=0.832, p <0.005; Table 3).
Also, the high positive correlation between fluorite and
sellaite minerals (0.978, p < 0.005) along the seawater
columns may be accompanied with the formation of
ideal fluorite—sellaite solid solution with a composition
Ca,Mg.1)F> which would yield a higher equilibrium
CaF, ion concentration product than pure fluorite [51].
However, the previous study on the hydrothermal fluo-
rite deposition in central Russia that includes zones of
fluorite-sellaite aggregated and suggested its formation
from the decomposition of the metastable phase 4CaF,
3MgkF, [51]. The positive correlation of Mg and HCO;
(r=0.246, p < 0.005; Table 3) may be accompanied with
the formation of magnesite (MgCOj3). However, during
the calcination of dolomite (CaMg[COs],), MgO can be
provided and Mg cations substitute Ca cations strictly
in its calcined structure [52-54]. Also, MgO in calcined
dolomite leads to the formation of CaF, after the
adsorption of fluoride ion [55].

Interestingly, ANOVA: two factor without replica-
tion analysis focuses on the significant effect of both
determined parameters (F.i:=1.26 and p < 0.005) and
sampling depths in each location (Fuy=1.67 and
p <0.000) on the mineral formation. Additionally, the
stepwise regression analysis for the determined miner-
als along the investigated area is expressed in the fol-
lowing significant equations:

Calcite = 0.25 + 1.00 aragonite — 0.001 T + 0.01 fluorite
+0.002 Mg — 0.002 Ca — 0.009 sellaite

Aragonite = —0.25 4- 0.999 calcite 4 0.001T
+ 1.00 aragonite — 0.001T + 0.01 fluorite
-+ 0.002Mg — 0.002 Ca — 0.009 sellaite
—0.002Mg + 0.002 Ca — 0.011 fluorite

Dolomite = —15.30 + 0.661 calcite + 0.147 salinity
—0.131T — 0.111 HCO3 — 0.098 fluorite

Fluorite = —1.02 4 1.011 sellaite + 0.105 Ca — 0.092 Mg
+0.062 calcite

Sellaite = 0.88 4 0.919 fluorite — 0.056 aragonite
—0.099 Ca + 0.089 Mg + 0.062 F
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Fig. 3. Vertical distribution of the physicochemical parameters and saturation index (SI) of minerals along the eastern

Egyptian Mediterranean Sea coast.

From the previous equations, it is obvious that the
formation and dissolution of calcite, aragonite,
dolomite and sellaite minerals are controlled by the
fluorite one. Also, calcium and magnesium concentra-
tions in the seawater columns in the investigated hot
spots areas affect the precipitation of calcite, aragonite,
fluorite and sellaite minerals. Dolomite is the only
mineral that is controlled by the salinity variation
which is affected by discharged waters. Moreover,
fluoride content plays an important role in the forma-
tion of the sellaite mineral.

4. Conclusion

Some physicochemical parameters, including T,
salinity, pH, HCO;, CO3, Ca, Mg and F, were deter-
mined. Ca, Mg and F concentrations were affected by
the thrown untreated or primary treated wastes and
gave levels different from those recorded for open sea-
water. The calculated mMg/Ca showed values >2
(2.02-11.12), indicating the formation of aragonite and
high-Mg calcite in the marine organisms along the
investigated area. Amongst, all the studied sectors,
only Rosetta and Damietta regions gave fluoride

concentrations relatively similar to the unpolluted sea-
waters (1.2-1.5 mg/1). Saturation indices (SI) of calcite,
aragonite, dolomite, fluorite and sellaite minerals in
the investigated area were evaluated. It seems from
the detected values and horizontal and vertical pat-
terns of the saturation indices that calcite, aragonite
and dolomite species were formed (SI> 1) along the
water columns with ranges of 2.83—4.81, 2.58-4.55 and
0.99-7.33, respectively. Moreover, the distribution pat-
terns of both fluorite and sellaite minerals were influ-
enced by the discharged waters; however, their trends
were similar to the salinity and pH ones. These fluo-
ride minerals seemed to be in equilibrium with their
ionic species in the studied sectors. Interestingly, fluo-
ride did not precipitate as the fluorite and sellaite in
the Rosetta and Damietta sectors, the branches of the
Nile River, due to its strong tendency to form com-
plexes with other elements stronger than calcium and
magnesium ion pairs at the area of seawater estuaries
contact. ANOVA: two factor without replication, cor-
relation matrix and stepwise regression model analy-
ses pointed to the change in the physicochemical
parameters along the sampling locations owing to the
discharged effluents composition. Additionally, the
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stepwise regression models confirmed the effect of the
discharged waters on the formed minerals along the
investigated coastal region. Recalling to this conclu-
sion, the following up of minerals can be used as a
good indicator to monitor pollution in the coastal
zones of the Egyptian Mediterranean Sea. The pollu-
tion by untreated discharged waters can cause harm-
ful effects to the marine ecosystem as well as mankind
in the long exposure time. Therefore, the results of this
investigation are important to future research and
will be used in the effective management of the
contaminated regions.
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