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ARTICLE INFO ABSTRACT

Article History: Twenty one samples from the roots and leaveAwidenia marinaand the
ReceivedSept. 22, 2018 associated sediments were collected from two mangrove swamps alor
AcceptedOct. 12, 2018 Egyptian Red Sea coast for studying the heavy metals (Fe, Zn, Cu, Ni, Pb a
Available onlineNov. 2018 accumulation and distribution. The results showed that the sediment sample

high concentration of heavy metals especially, the essential metals like Fe

those recorded in roots and leaves of mangrove plants.-Matistical analyse:

Keywords: Pearsonbés correlation coefficients
Heavy metals to distingush the correlations among metals and the sources of these ele
Mangrove Strongly positive correlations were observed in mangrove sediments betwe
Sediments and each of Cu, Ni as well as between Cu, Ni, Cd and Fe, in both studiec

Red Sea indicat_ir_lg a good proxy f_or tegenous material. The recorded levels of Fe, Zn,

and Ni in mangrove sediments were higher than the Red Sea, Gulf of Agat
Egypt Tanaznia sediments, while Pb and Cd were lower than those recorded
background continental crust and sediment qualityeajinds (ERL).

The EF values for heavy metals indicated weak enrichment and refle:
local mineralogy rather than contamination. In addition, the values of CF indi
that the mangrove sediments of studied samples are low contaminated with |
Cu, Ni and Pb, while Cd value indicateds moderately contamination. Therefor
average values ofydjn the two studied locations indicated unpolluted
moderately polluted sediments. The metal concentrations in these sites were
derived from simila sources of nearby Red Sea mountains or experie
analogous biogeochemical or accumulation processes. The obtained di
correlations of heavy metals in the organs of mangrove plants may be attribt
the differences in the bioavailability of t®m metals for the plants, th
physicochemical properties of sediments or waters. BCFs and TFs values
basically less than one, except for TF of Ni and Pb as well as TF of Fe i
organs of mangrove at both studied sites, indicating that this mangpeeges
tend to restrict metal sedimentsots and rooteaves transformations
guaranteeing the conduction of various important metabolic activities inclt
photosynthesis in the above ground parts and confirmed thAwtbennia marina
has the tendey to accumulate and translocate the heavy metals.

INTRODUCTION

Natural mangroveswampsof specis Avicennia marinacovered many areas
along the Egyptian Red Sea coast and play an important role in environmental
balance in the coastal and marinehabitddeavy metals enter the environment
naturally as a result of chemical and physical weathering of rocks, leaching of soils,
vegetation, and volcanic activitA(-Saadet al., 1997, and may originate from both
natural and anthropogenic processes, esledia the last decadesMarkert and
Friese,1999; EtSorogyet al.,2012 and Alharbet al.,2017).
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These pollutants are characterized by high toxicity, persistenceand
bioaccumulative behaviors, and havenegative effects on mangrove swzospsaét
al., 1979.

Numerous studies reported the occurrence and distribution of heavy metals in
the sediments and plants at tidal flat zoMarcovecchio,2000 and Ferret al.,

2006) Therefore, the tidal flat plays an important role in the biogeochemical cycling
of pollutants through their active and positive circulation mechanidiess(and

Weis, 2002. Marine plants (vegetation) can absorb the nutrients and metals from the
sediments when their concentrations are relatively Rigaiget al.,2003; Windham

et al.,2003; Almeidaet al.,2004; ReboredandCacador, 2007andCacadoret al.,

2009) The bioaccumulation process is dependingon the mobility and bioavailability
of metals as well as thephysicochemical characteristics of the sediments such aspH,
salinity, relox potential, organic matter content, grain sixko(vay et al.,1990.

The main objectives of this study are to: §skess the current status and spatial
distribution of heavy metal&n, Cu, Pb, Ni, Cd, and Fe) in the roots and leaves ofthe
mangrove Avicenniamarinaand the associated sediments from the tidal flat zone in
the two mangrove swamps:17Km south Safaga and Quah sites along the Egyptian
Red Sea coast; (2) comprehend the relationship between heavy metal concentrations
in the plants and sedimis and explore the role élvicenniamarinan the biological
concentration and translocation of heavy metals in the ecosystem of tidal flat; (3)
compare our sediments with other worldwide ones.

The Study Area
Site 1. 17Km south Safaga

It is situated17 km south ofSafaga cign thewestern side of the Red Sea
coastat the intersection oflatitu@e6 A 3 26658387 6 07 & N and liongi t ude
34A008 27 & EGener@lll, i Sgfaga dréa.is occupied by relatively low hill
ofsedimentary rocks surrounded by mountains of igneous andmetamorphic rocks.

Fig. 1: Location map of the $udied and sampling sites.
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The south Safagamangrove swamp is very shallowccupiesabout 5Kfn its
boundaries arefringing reef from the north, and beach from the west.The field survey
revealed that the bottom is composed of dead coralline limestone coviéneithin
layer of sand, mud and biogenic sarithe tidal flat is very large and extents
smoothly to seaward, while shoreline narrow occupied by coarse sands. The
supratidal zone represents vegetated coastal dunes.This swamp belongs to the
Ministry of Agriculture and Land Reclamation and represents a greenhouse for the
cultivation of mangroves.
Site 2: El Quah

El Quah site lies at 44 km to south Safaga city along the main Safaga
Quseirroad bet weieg b A214Dt0.8 8 R 6 ANAd46BNngitude
34°06 4 8 € E, (Fi g. 1) . The coast al zone is ¢cr
inhabited with two species of higher plants (Tamarax and Zigophylum). The beach is
sandy in the northern part while the middle and southern part is rocky from grit stone.
The tidal fat zone is shallow, wide extends to about 2Km and composed of biogenic
sand inhabited with seagrass and algae. This zone followed by the coral edge which
has high biodiversity of corals, shells and sponges. El Quah mangrove swamp is
healthy and the dengitncreases at the entrance of swamp and at the northern side.

MATERIALS AND METHODS

Field work

Twenty one sediment samples were collected ftmtal flat zone of natural
mangroveswamps at 17Km south Safaga city and El Quah area by pushing plastic
box with a 10cm deep in sediment, as well as 21 samples from both aadteaves
of species Avicennia marinaof mangroveplantduring November2017. Acomposite
sample was takefrom each station and placed immediately in polyethylene bags
then transferretb the laboratoryPhysicaland chemical parameters ofvegtar such
as Dissolved Oxygen, Temperature, Total Dissolved Soliots, Hydrogen and
Salinity were measured in situ using Hanna Instrument (Hi 9828) during the field
works. Glob& Position System G® (Magellan 1000) recorded the geographic
positions
Laboratory methods

In the laboratory, sediment samples were difedemperature roonfior one
week.Subsamples were sieved on 2 ratainlesssieves to remove pebbles large
particles, mangrove leavesd roots, and shell fragments. Grain size analysis with
different particles wadoneaccording td-olk(1974).

Portion of eaclsedimentsample was dried in an oven at 50 = 5 °C overnight to
a constant weight and ground using electric agate mortar for 2@esjthenpassed
through a 8émesh size sievddalf gram of each grinded sample was digested using
10 ml of mixed reagentgHF: HCLO,: HNO3; acid9 with ratio 1:1:1 respectively
(Oregioni and Aston, 1984thendiluted to50 mlwith deionizedwater.

Rootsand leaves samphlere completely dried in room temperature for one
weeks, then dried in hot plate at 70C° for 24 hours. Half gram of each sample was
digested using 10ml of HN{y Hot plate till there was no brown funtbe rdilute it
to 50 mL with deimized water APHA, 2005.The analytical determination of F2n,

Cu, Ni, Pb, and Cd in the dissolved phase was carried out by GBC atomic absorption
reader (Model Savant AA AAS with GF 5000 Graphite Furnace) at NIOF.
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Statistical analysis

Statistical analses on the data were performed by a SPSS Windows release
correl
variables. Also, the enrichment factor (EF), geoaccumulationindex (lgeo), and

18. 0.

contamination factor (CFere calcdated for the studied mangrove sediments

Pear sonds

ation

coef fi

(Muller, 1979a; Hokanson, 1980; Sinex and Helz, 1981; Leogtoddl,2008.

For the roots and leaves of mangrove plais;ioconcentration factor (BCF)

Ci

is defined as BCF= ¥ Gnt /C soil, where Cpyane and C sil were the metal
concentrationin plant and soilrespectively, in mg/g (Mountouris et al., 2002.

Alsothe tanslocations factors(TF= metal concentration in the leaves/metal

concentration in rootsyere also determined for each myaove sampleaccordirg to

(Hanna, 1992ndWedepohl, 1996

RESULTS AND DISCUSSION

Physicaland chemicalparameters of seawater

The average surface water temperaturd akm south Safaga and El Quah is

28.57 °C and B8.13°C respectivelyThe average salinity values of batites are 40.04
and 39.95a respectively.The pH levels of the seawaters wereutral to mildly
alkaline water where the average concentration is 7.82at 17 km southaSafat)
8.15 mg/L at El Quah sit&o, he average value of Do in seawater is 6.34 nagA7
km south Safaga artl59mg/L at El Quah site, because tnest marine plants and
animals have plenty of oxygdmable J).

The TDS of surface water showsdnilar spatialaverage concentrations are

42.05 and 42.16 g/L at thel7km so@&hfaga and EQuah sites respectivelyrdble
1). The global average TDS is 34.5 giGdid and Treal2007). Higher TDS levels
observed in théwo studied locations is probably due to the dissolution and leaching
of the coral debris. As the investigated areas lacatal in a desert belt, the
atmospheri@ust input from the surrounding arid region is considered as an important

source of salts and trace metals to seawdtese physical properties could change

the microenvironment and therefore affect the bioavailabilitynetals in the tidal
flats (Windham and Lathrop 1999; Windhahal.2003.

Tablel: Average values of physical and chemical parameters of seawater in the two studied sites.

Location Temp.°C Sal . pH Do mg/L TDS g/L
17 south Safaga 28.57 40.04 7.82 6.34 42.05
Quah 28.13 39.95 8.15 6.59 42.16

Characteristics of the sediments

The studied sediments are primarily composed of graasldand silt with the
average percentage beih§.3Q 79.73,and 3.9% respectively aEl Quah site, while
at 17Km sout Safaga city the average value of gragahdand silt are5.88,85.97,
and 715% respectively.The highest proportion of sand is found in 17 Km south
Safaga site @0%) along the beach, while the highest proportion af/gkis found
in El Quah site 40.0%) on the beach. Meanwhile, the highest silt fraction value is
18.8% at 17 km south Safaga site @¥l08% in El Quah site (Tdb2).

Concentration of Heavy Metals

ent s

Mangrove swamps play an important role in the biogeochemistry of trace
metal contamin&ns in tropical coastal areas, either as sinks or as sources for these

contaminantsl(acerdaet al.,1993. The Adsorption/mobilization of heavy metals in

mangrove ecosystems is highly dependent on their physical, chemical and biological

W
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conditions like ¢her wetland soils, Lacerdaet al.,, 1992. Heavy metals are
commonly retained within mangrove sedimenBadarudeenet al., 1996. The
concentrations of the heavy metals in sediments of mangrove illustrgieabie 2).

Table 2 Coordinates, grain sizecharacterisicsand heavy metals concentrati
mangrove sediments from the two studied sites.

S.N. Site Lat. Long. Gravel Sand Silt Fe Zn Cu Ni Pb Cd
057 | 98.09 | 1.35

SES 26°36'54.00 | 34° 0043.2 10731 | 87.49 | 5656 | 27.33 | 4.92 | 0.25
100 | 9744 | 156

SES, 26°3605.76 | 34°0046.8 7561 | 7598 | 5152 | 2854 | 422 | 0.36
571 | 9326 | 1.04

SES, 26°3701.20 | 34°0050.4 6181 | 7132 | 4913 | 2632 | 521 | 0.70
700 | 803 | 1271

skS | S |26°360576 | 34°0036.0 10352 | 53.89 | 33.82 | 19.74 | 7.15 | 017
3 217 | 9414 | 369

S | & | 26°3701.20 | 34°0039.6 8523 | 49.88 | 29.45 | 1468 | 593 | 0.11
< 346 | 5844 | 6.96

SES | S | 26°370804 | 34°0043.2 8652 | 39.48 | 1974 | 2217 | 6.14 | 013
3 022 | 8098 | 18.79

SRS | E | 26°370408 | 34°0028.8 10935 | 4411 | 26.34 | 1627 | 7.18 | 0.5
~ 360 | 8349 | 12.82

SES, | S | 26°3708.04 | 34°00 32.4 865 | 3317 | 18.35 | 11.25 | 5.92 | 0.11
703 | 8756 | 541

SES, 26°3712.00 | 34° 00 36.0 996 | 22.36 | 16.27 | 0.76 | 8.58 | 0.00

Min. 022 | 58441 104 | g55 | 2236 | 1627 | 0.76 | 422 | 0.0

Max. 3460 | 98.09 | 188 | 14935 | 87.49 | 56.56 | 2854 | 858 | 0.7

Aver. 688 | 8597 | 715 | 719956 | 53.08 | 3347 | 1856 | 6.14 | 0.23

S.N. | Site Lat. Long. Gravel | Sand Silt Fe Zn Cu Ni Pb Cd

Q1S1 26°2345.6 | 34°0721.00 | o7 | 85191 024 | 5450 | goes | 56.05 | 69.44 | 417 | 1.95

Q1S2 26°3252.8 | 34°07 156 | 1155 | 81251 719\ 450 | 6214 | 3356 | 2655 | 3.85 | 0.58

Q1S3 26°2356.4° | 34°0719.2 | 2339 | 65511 1109 | go50 | 523> | 1961 | 19.39 | 4.93 | 0.70

Q2s1 26°2349.2 | 34°074.80 1.0 | 96311 269 | 458y | 66.03 | 44.12 | 28.47 | 6.44 | 063

Q252 26°2356.4 | 34°078.4' 8269 | 6715 | 015 | 4579 | 5237 | 3985 | 3375 | 531 | 0.35
s . . . , 40.0 | 5957 | 0.43

Q2s3| S 26°2403.6 | 34°0712.0 5534 | 62.63 | 3357 | 26.46 | 6.79 | 0.42
© 627 | 93.15| 058

3s1 | o 26°2356.4 | 34°0657.6 : : : 6826 | 82.67 | 31.80 | 48.75 | 6.75 | 0.25

Q32 26°2403.6 | 34°071.2 73 | 9L 169 | gegy | 7537 | 3370 | 19.87 | 525 | 021

Q3s3 26°2410.8 | 34°074.8' 18.95 | 63.96 | 17.09 | 605 | 7863 | 38.88 | 11.12 | 5.18 | 0.20

Q4s1 26°2403.6' | 34°0850.4 | 1011 | 87471 242 | 5n0, | 8062 | 38.07 | 3041 | 651 | 045
. . ; ) 140 | 9832 | 028

0482 26° 24072 | 34°0650.4 6582 | 65.81 | 33.68 | 27.85 | 469 | 052
\ . \ ) 839 | 87.82 | 3.79

04S3 26°2414.4 | 34°0654.0 6065 | 66.80 | 28.32 | 2955 | 562 | 0.65

Min. 10 | 5957 | 015 | 4551 | 5232 | 1961 | 11.12 | 3.85 | 0.20

Max. 400 | 98.32 | 17.09 | o456 | 8267 | 56.05 | 6944 | 679 | 1.95

Aver. 1630 | 7973 | 3.97 | o315 | ggo1 | 3503 | 3097 | 546 | 058

Heavy metals insedimens of mangrove

Iron exhibita similar distribution patternn all beach samplesf the two
studied sitesIn south Safaga site; Fe is the most abundantyhestal (average
7199.56¢g9/ 9g) , foll owed by Zn (53.08 ¢€g/g9g),
614 €9/ gB, e@dgioO0. hil e i n EIomi@antahbavysi t e ; F
metal (average 63150 ¢ g/ g) , f ol |l owed by Zn (B0®B. 91 ¢€g/
egl/ g), Pb (5. 46 ¢€Tabled))The hglest ¢oBcerr&ionofgZhg ) ,
(87.49 €9/ 9) s Becoamdledhe nl cwenptl eorbd of Z
recorded in sample $%; at south Safaga site, while in EI Quah site the
highestcorg n t of Zn (82.63%3arcdg/lgdoweant samp( &2 .Q3 2
sample @S; (Fig. 21 & Table?2).
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Fig. (2-1). Spatial distribution of heavy metals in studied mangrove sediments
17Km south Safaga site and B) El Quah site.

The average concent r asoutto®amgaarfd EIQuah( 3 3. 47
(3592 g/ g) ar e | ower t PAboarbi andh E-Soragy,&201i),a n Gul f
Gokcekaya, TurkeyA ki n and K é)rbadckgaundushaleldi@kiai and
Wedepohl, 196}l background continental crustgylor, 1964, and its average value
is higher than the one recorded from the Gulf of Aq&¥aiadah, 1999 andIATaani
et al., 2014, the Red Sea coasN¢@ur et al., 2006 and Salaam coast, Tanzania,

(Rumishaet al.,2012) The average value of Ni (18.56 a
studied locations is higher than the Gulf of Ag@hkTaaniet al., 2014, Sediment

quality guidelines ERI(Long et al.,1995, the Red Sea coadtigur et al.,2006 and

Salaam coast, Tanzani&umishaet al.,2012 as shown in Table (3)

Table 3 Ranges and average of heavy metals concentrations in surface sediments as repotted from t
studied area and other locations.

location Reference Fe Zn Cu Ni Pb Cd

17 Km south Safaga Present study 7199.56 53.08 33.47 18.56 6.14 0.23

El Quah site Present study 6315.00 68.91 35.93 30.97 5.46 0.58

Arabian  Gulf, Saudi| Alharbi and EI-Sorogy 7552 52.68 182.97 75.01 5.358 0.23

Arabia (2017)

Arabian Gulf, Emirates | Shriadah (1999) -- 11.3 7.21 36.4 28.1 4.82

Gokcekaya, Turkey Aki n and 15495 265.8 108.99 125.7 74.44 0.007
(2017)

Gulf of Agaba Al-Taanietal. (2014) 11721437 | 7.07.7 | 7.610.8 - 3.7-6.8 | 0.060.07

Sediment quality| Longet al.(1995) -- - 34 21 47 1.2

guidelines (ERL)

Salaam coast, Tanzania| Rumisheet al.(2012) 461-5352 2.69.3 0.32.1 0.429 | 0822 0.01-0.4

Red Sea, §ypt Nour et al. (2006) 4942 7.66 0.38 3.16 2.56 0.09

Background shale Turekian and Wedepoh ~ 47200 95 45 68 20 0.3
(1961)

Background continenta] Taylor (1964) 56300 70 55 75 12.5 0.2

crust

-- Not detect

Enrichment factoiindex (EF) was generally applied to predict the source of
heavy metals (natally or anthropogenic)Thereforethe total levels of heavy metals
in all studied sedimentsere generally lovand come fronmatural sourceds shown
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in Table (4), he EF average values B€,Zn, Cuy Ni, PbandCd were <1, indicating
weak enrichmemn Also, he averagecontamination factofCF) values for Fe, Zn, Cu,

Ni and Pb were less than lir@licaing that the bottom sediments of two studied sites
arelow contaminatedwhile The highest contamination (i.e., CF value) fat Was

found in both studiedlocationswith average (1.16n south Safaga) and2.88El
Quahshowing moderate contaminatio(lTable 4).The bioaccumulation process is
depended on the mobility and bioavailability of metals as well as the physicochemical
characteristics of the sedimentBlas pH, salinity, redox potential, organic matter
content, grain sizeAlloway et al.1990.Accor ding to the Mull er 6s
average values ofigedn two studied locationsndicatedumpolluted to moderately
polluted contaminatedsedimentswvith Fe, Cu, Zn, Ni, andPb, while the average of

Cd was {0.197 and-0.267) exhibitedhat these sediments not contaminated (Table
4).

Table 4: Pollution indicators as anaverage (Enrichment factor (EF), contamination factor (CF)and geo
accumulation index glo) used in the present study.

Factor Location Fe zZn Cu Ni Pb Cd
EF South Safaga 0.010 | 0.008 | 0.003 | 0.010 0.009
El Quah 0.009 | 0.006 | 0.004 | 0.004 0.028
CF South Safaga | 0.119 | 0.76 0.61 0.25 0.49 1.16
El Quah 0.112 | 0.98 0.65 0.41 0.44 2.88
lgeo South Safaga | 0.057 | 0.714 | 0.099 | 0.111 | 0.178 -0.197
El Quah 0.056 | 0.086 | 0.097 | 0.096 | 0.183 -0.267

The correlation matrix (Table)5exhibit that a strong significant positive
correlation (=0.88 and B2) was obtained between metal pairs Zn,and Ni anas
well as between Zn and Qg 98)indicating a similarity in their geochemical source
and strong significant negative correlation between Pb and rest heavy metals in
samples from south Safaga. While in El Quah sediment samples; there is negative
correlaton between Cu, Ni, Cd and Fe. The levels of Pb also negative correlated
between PHCu (r=0.12), PbNi (r= -0.08) and Pb-Cd (r= -0.45). There are
goodcorrelations noticed betwelihand @ (r= 0.74). This result revealed that these
metals have the samewoe of contaminationdowever, main possibility is that the
roots of Avicennia marinawill be submerged by water during high tides, while the
leaves may additionally absorb metals from the water.

Table 5: The correlation coefficient among heavy metafsangrove sediments of the studied sites.

17 Km south Safaga El Quah site

Fe Zn Cu Ni Pb Cd Fe Zn Cu Ni Pb Cd
Fe 1 Fe 1
Zn 0.56 1 Zn 0.021 1
Cu 0.47 | 0.98* 1 Cu -0.48 | 0.45 1
Ni 0.64 | 0.88* | 0.82* 1 Ni -0.38 | 0.36 | 0.60 1
Pb | -0.27 | -0.79 -0.75 }0.83** 1 Pb 0.13 | 0.21 | -0.12 | -0.08 1
Cd 0.22 0.66 0.70 |0.69 -0.58 1 |Cd -0.18 | 0.12 | 0.57 | 0.74* | -0.45 1

= _Correlation is significant at the 0.01 leveltédled).

Heavy metals in the roots and leaves @&vicennia marina

Heavy meal concentrations in roots and leavesAefcennia marindrom two
studied sites are given in (Table 6 and Fig2&22-3). The average contents of Fe,
Zn, Cu, Ni , Pb and Cd were (546.56
(0.20 eg/ gp/ghdred6peevively in the r

eglg),
oots o
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Quah site they were (444.33 ¢€g/49), (40. 8¢g
and (0.003¢g/ g) respectivel y. Al l sampl es ¢

respect to other heawyetals, whereas Fe concentrations were relatively homogenous

in two organs ofAvicennia marinawith slightly enrichment in the roots samples from
south Safaga than those in El Quahsamples.

Table 6: Heavy metal s ¢ onc &mdngrave fom twe studiedgites )
S.N. Fe | zn | cu [ Ni | Pb [ cd Fe Zn Cu Ni | Pb cd
Heavy metals concentr Heavy metals concentr
SKFS, 583 63.66 | 49.07 | 0.19 0.26 0.0 135 25.81 | 1242 | 0.34 | 0.14 0.0
SKS, 552 52.39 | 33.69 | 0.18 0.17 0.0 233 25.37 | 17.36 | 0.21 | 0.13 0.0
SF.S; 517 43.78 | 34.89 | 0.14 | 0.23 0.0 689 26.72 | 22.36 | 0.19 | 0.27 0.0
SE,S, 633 3369 | 2987 | 0.32 | 0.14 | 0.11 536 22.36 | 1362 | 0.32 | 0.15 0.0
SKS, 428 31.18 | 27.63 | 0.18 0.20 0.1 555 21.36 | 1740 | 0.25 | 0.15 0.01
SKS; 379 30.13 | 26.13 | 0.28 0.18 0.02 487 22.78 | 16.35 | 0.19 | 0.14 0.0
SkFS, 863 32.39 | 25,51 | 0.28 0.11 0.0 545 28.56 | 2250 | 0.21 | 0.22 0.0
SE:S, 425 4437 | 1936 | 0.36 | 0.27 | 0.01 514 27.36 | 18.37 | 0.14 | 0.24 0.0
SES; 539 31.69 | 21.47 | 0.25 0.25 0.0 439 2533 | 2235 | 0.36 | 0.# 0.01
Min. 379 30.13 | 19.36 | 0.18 | 0.11 0.0 135 21.36 | 1241 | 0.14 | 0.125| 0.0
Max. 863 63.66 | 49.07 | 0.36 0.27 0.11 689 28.56 | 2250 | 0.36 | 0.34 0.01
Aver. 546.56 | 40.36 | 29.74 | 0.24 | 0.200 | 0.027 | 459.22 | 25.07 | 18.08 | 0.25 | 0.20 | 0.002
Q:S, 462 18.26 | 20.81 | 0.14 | 0.19 0.0 604 28.91 | 19.03 | 0.10 | 0.17 0.0
Q:S, 587 27.70 | 19.35 | 0.13 | 0.26 0.0 578 2437 | 2537 [ 011 | 0.16 | 0.02
Q:S; 723 4557 | 22.32 | 0.22 | 0.38 0.0 479 2335 | 15.15| 052 | 0.24 0.0
Q.S 269 33.10 | 28.14 0 0.10 0.0 634 33.47 | 2258 | 0.51 | 0.33 0.0
Q.S 285 36.21 | 27.37 | 0.36 0.29 0.0 279 29.31 | 21.37 | 041 | 041 0.01
Q,S; 297 3345 | 2254 | 021 | 0.22 | 0.01 385 31.47 | 20.46 | 0.36 | 0.36 0.0
QsS; 536 52.36 | 31.36 | 0.14 | 0.14 0.01 496 28.34 | 1440 | 0.28 | 0.15 0.0
Q:S, 478 38.25 | 3348 | 0.23 | 0.10 0.0 587 33.26 | 1558 | 0.64 | 0.33 0.0
QS 626 3754 | 3008 | 0.32 | 0.13 0.0 760 4721 | 29.11 | 0.69 | 0.20 0.0
Q.S 325 55.37 | 1969 | 0.21 | 0.11 | 0.01 436 26.34 | 22.47 | 041 | 0.12 0.0
QS 219 40.07 | 20.66 | 0.31 | 0.11 0.0 490 28.42 | 2658 | 0.32 | 0.11 0.0
Q1S3 525 71.86 | 15.54 | 0.16 0.36 0.0 433 30.21 | 16.27 | 0.12 | 0.51 0.0
Min. 219 18.26 | 1554 | 0.0 | 0.10 0.0 | 279.00 | 23.35| 14.40 | 0.10 | 0.11 | 0.00
Max. 626 71.86 | 3348 | 0.36 | 0.36 | 0.01 | 760.00 | 47.21 | 29.11 | 0.69 | 0.51 | 0.02
Aver. | 444.33 | 40.08 | 24.28 | 0.20 | 0.199 | 0.003 | 513.42 | 30.39 | 20.70 | 0.37 | 0.26 | 0.003

Fig. (2-2). Spatial distribution of heavy metals inots of mangroveat: A) 17Km

south Safaga site and B) El Quah site.
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