ISSN : 0974 - 7451 Volume 9 Issue 7

Snviconmental Science

A Jndian Joaraal

—  Qurrent Research Peaper

ESAIJ, 9(7), 2014 [248-254]

Fagoniaboveana asabiomonitor for exploration and remediation of some
traceelementsfrom soil in Qattar area, North Eastern Desert, Egypt

A.S.El Hassanin?, A.A.El Sokkary?, O.A.Ebyan?*
Y ngituteof African Research and Sudies, Cairo Univer sity, (EYGPT)
Nuclear M aterialsAuthority, Cairo, (EGYPT)
E-mail : osama_ishere@hotmail.com

ABSTRACT

Plantsin Gebel Qattar are condensed in the course of rainwater that is coming from top of mountain. In the present
study, the plant samplesare collected from four studied sectors: Qattar | (Ql), Qattar I1 (QIl), Qattar V (QV) and Wadi

El Abde.

From the distribution of the As, Bi, V, Ga, Cr, and Snin the studied soil samples, it wasfound that QI, QI and Wadi
El Abde sites contain the highest concentration of As, Bi, V, Ga, Cr, and Sn. relative to QV. Among the plant samples,
it was found, Fagonia boveana has the ability to absorb and concentrate As, Bi, V, Ga, Cr, and Sn. Therefore, this
plant is significant for exploration of these elements and can be used for phytoremediation of these elements.
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INTRODUCTION

Gebd Qeattar area, being apart of the Eastern Desert
of Egypt, hasadesertic typeof climate. Itisarid and
hot in summer, mild to coldinwinter. Temperatureis
high and ranges between 15°C-20.3°C in winter and
26°C-46°C in summer. The rainfall is occasional and
scarce. Themain bulk of rain occursin winter. That
coming fromtop of themountaintowardsvalley floors.
Windisoccas ondly strong during thewinter season.

G Qattar area (the study area) is located in the
North Eastern Desert, north west of Hurgadacity. Itis
bounded between Longitudes 330 14 11" and 33° 20
16" E and Latitudes27°04' 00 and 27°08 30"N (Fig-
ure 1). Thefloor of theWadisand their tributaries of
Gebel Qattar areaare generally covered by thick re-
cent Wadi sediments. These sedimentsare unconsoli-
dated, looseand cong st of fluvid sedimentsformed of
sands, pebbles, gravels, cobblesand boulders. Fluvid

soilsexist largely because of soil creepinareacf high
relief.

Phytoremediationisoneof themost effectivemeth-
odsof remediation for contaminated soils. Thisisap-
proved by the United States Environmental Protection
Agency. Thistool dependson cultivating specid plants
for uptakeand concentration of thepoisonousel ements
and therefore cleans up the soil from contamination.

Plants can accumul atetrace elements, especialy
heavy metals, inor ontheir tissuesdueto their great
ability to adapt to variable chemical propertiesof the
environment: thus, plantsareintermediate reservoirs
through which trace elementsfrom soilsand moveto
man and animals. Tiffin™@ hasconcluded, that the plants
may bepassivereceptorsof traceeements (fallout in-
terception or root adsorption), but they a so exert con-
trol over uptake or rejection of some elementsby ap-
propriate physiologicd reactions. Threegenera uptake
characteristics can bedistinguished in plants. accumu-
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Fig.(1): Geological and structural map of G. Qattar area after Shalaby (1996)

The smaller map shows the location of the study aren 0 1

Legend
F==] Hammamat Sediments
Pink Granites.

lation, indication, and exclusion. To alargeextent, this
dependson thespecific ability of plants. A hugediffer-
encein elements uptake between plant species, and
al so between genotypes of aspecies, hasbeen demon-
strated in many studies. Brooks'”, Prasad'® and
Prasad and Hagemeyer®,

The current database of the U.S. Environmental
Protection Agency containsnearly 25,000 recordson
21 metasinplantsasrelated to the uptake, accumula
tion, and trand ocation by vascul ar plants. The highest
numbers of records, over 1000, are for the Zea,
Phaseolus, and Triticumfamilies. Nellesseri™!

A highreativeproportion of al dementsrecordsis
Cu18.6 %, Zn 17 %, Cd 14.4 %, and Pb 9 %. Below
1%recordsforV, Cs, Th, Sb, Pt, Be, Sn,and U, Alina
Kabata (2001). The conclusionsof that review indi-
catethat Cd and Hg are considered among the more
toxic metals. Themost frequently identified elements
causing biological/ecologicd harmful effectsare: Pb, Cs,
As, Cr, Zn, Ni, and Cu.

Thispaper ded swith the uptakeand accumulation
of sometraced ementsfromsoil suchas As, Bi,V, Ga,
Cr, and Sn by using the wild vegetation (Fagonia
boveana) as indicator for exploration and
phytoremediation for theseelements.

MATERIALAND METHODS

Four soil samplesand five plant sampleswerecol-
lected from Gebel Qattar areain north Eastern Desert
of Egypt. Thestudy areaisdividedinto four sectors,
three of these are with more radioactivity which are

. Radioactive Occwirence.
=== Faults, axrrows show relative movemet

Qattar (Q) I, Il and V. whilethefourth sector isbarren
of radioactivity. Thisiscaled wadi El Abdeandistaken
for comparative purposeswith other sectors. Plant and
soil samplesare collected for determining the concen-
tration and accumul ation of sometrace elementssuch
as: As, Bi, V, Ga, Cr, and Sn these around to 6 trace
elements. All of thechemica anadysesfor plant and soil
sampleswerecarried out a theACME andytica 1abo-
ratories, Canada.

Plant samples

Plant sampleswerecollected at blooming duration
and put in paper bags until reaching to the lab. The
plant sampleswere carefully cleaned (oneby one) with
tap water to removethevisible soil and dust and then
washed with steriledistilled water severa times. The
plant sampleswereclassified inherbarium specimens,
Botany Department, Faculty of Science, Cairo Univer-
Sty.

Plant analysis

Plant sasmplesweredried at 105°C for 24 h to re-
movewater. Thedried sampleswerecrushed and pow-
dered by using Teflon coated stainless steel blender.
They arethen ashed at 550°C for 3 hrs in dry oven to
removethe organic matter. Onegram from each plant
ash sampleisdigested by using 20 ml HNO3 acid for
one hour, then 6 ml mixed from 2:2:2 HCL- HNO3-
H202 at 95°C for one hour, then the content was di-
luted to 50 ml by bi-distilled water. Sometrace ele-
ments such asAs, Bi, V, Ga, Cr, and Sn were deter-
mined by inductively coupled plasmamass spectrom-
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etry (ICP- MS).
Soil samples

Sail sampleswere collected asacomposite of the
depthtill 30 cm of thesoil. In most cases, separate soil
samplesarecollected with associated plant species. The
soil sampleswere put into bagsuntil reaching thelab.
and then they are quartered. The representative soil
sampleswere crushed and powdered withtheaid of a
mechanical agate mortar to 100 mesh size.

Soil analysis

A portion of 0.5 g of thefinely powdered soil sample
was accurately weighed into Teflon beaker with cover.
A mixtureof 40 ml HF and 10 ml conc. HCl wasadded.
The covered beaker was heated to 130-140°C, till the
acid was evaporated. Then 1:1 HCI was added and
the solution wasdiluted to 100 ml with bi-distilled wa-
ter.

VEGETATION

Fagonia boveana

Fagonia tristis sickenb. var. boveana (Hadidi),
was firstly described by El Hadidi®*® and later as
Fagonia boveana, El Hadidi et a.l*¥. Diffusely
branched (Figure2.d), basdly suffrutescent, annua or
perennia herbsup to 30— 80cm (Figure 2.b). Leaves
opposite, smpleor padmately. deciduousor persistent
foliolate; stipulesoften spiny and acicular ; leefletsen-
tire, mucronate. Inflorescenceof solitary axillary flow-
ers. Flowerspedicellate, actinomorphic hypogynous,
pentamerous, rosy, purplish-pink or violet rarely yel-
low, hispid patent or ascending. Leavesshort petioled.
Sepalsbecominginfruit and persistent on mature cap-
sules, Tackholm™®, Figure2.

RESULTSAND DISCUSSIONS

Distribution of As, Bi, V, Ga, Cr, and Sn in soil
samples

The collected soil samplesare productsof mechani-
cal weathering of the granitesthat covering G. Qattat.
These productsaretransformed into soilsby processes
of chemica weethering. Thesoil isfinegrained suitable
for growing plants, which are the main target in the

Fagonia boveana as a biomonitor for exploration and remediation of some trace elements

ESAIJ, 9(7) 2014

s - 0
j KRN

ey

A ruler is put to measur
This plant measures, 40x40cm

Figure 2 : Fagonia boveana

present study. Soil sampleswerecollected fromthefour
locdlitiesand prepared for the determinationAs, Bi, V,
Ga, Cr, and Sn.

Arsenic (As)

Theresultsof arsenic concentrationin soilsshow a
narrow rangenearly from 1.2 to 1.8 ppm. The concen-
tration of Asis1.3ppmin Qattar |, 1.4 ppmin Qattar
[1'and 1.2 ppm in Qattar V. While the highest value
(1.8 ppm) is recorded in Wadi ElI Abde location
(TABLE 1). AccordingtoAlinaKabata?, arsenicis
distributed rather uniformly inmg or typesof rocksand
itscommon concentrationsin most rocksrange from
0.5t02.5ppm. Only inargillaceous sedimentsAsison
the average concentrated ashigh as 13 ppm. Thesame
authorsrefer tothelowest Aslevelsthat arefoundin
sandy soilsandin particular inthosederived fromgran-
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TABLE 1: Concentration of As, Bi, V, Ga, Cr,and Sn (ppm) in
soilsof studied area

Location  Qattar  Qattar  Qattar Wadi
Element I I \ El Abde
As 13 14 12 18
Bi 0.1 0.3 0.1 0.2
Y, 5.0 <5.0 5.0 44.0
Ga 29.6 211 24.7 23.3
Cr 44 40 44 124
Sn 7.0 6.0 4.0 6.0

ites, whereashigher As concentrationsare mostly re-
lated to dluvia soilsand soilsrichinorganic metter. All
vauesof Asinthe present study arein agreement with
AlinaKabata.

Bismuth (Bi)

Bismuth distributionin the soilsof thestudied loca:
tionsshowssomevariations. Thevaueof Bi in Ql and
QV is0.1ppm, whileinQII, thisvaueis0.3 ppmand
inWadi El Abdeitis0.2 ppm (TABLE 1). According
toAlinaKabata¥ Bi isconsidered araremetd inthe
earth’s crust (around 0.2 ppm) and is usually found in
veinsassociated with somemeta ssuch asAg, Co, Pb
and Zn. Itshigher concentrationsin argill aceous sedi-
mentsdo not exceed 0.5 ppm. Bi e ement during wesath-
ering isreadily oxidized, and when it becomes carbon-
ated (Bi,0,CO,) it becomes very stable. Therefore,
the Bi content of most surface soilsisdirectly inherited
from parent rocks. Thevaueof Bi inWadi El Abdeis
typically in agreement withAlinaK abata™.
Vanadium (V)

In the studied | ocationsthe vanadium concentra-
tion in soil samplesisequal to 5.0 ppm in the three
locations QI, Qll and QV, whileits concentrationin
Wadi El Abde showsahigher valueequals44.0 ppm
(TABLE1). TheaverageV content of soilsworldwide
have been calculated to vary from 18 ppmfor histosols
(asoil consisting primarily of organic materials) to 115
ppm for rendzinas (a dark, grayish-brown, humus-
rich, intrazonal soil) Alina Kabatal™., Govindargju“ re-
ported theV content inreferencesoilsof theU.S. within
the range 36 to 150 ppm. Thevaueof V in Wadi El
Abde (44 ppm) lieswithinthislast range.

Gallium (Ga)
Thedigtribution of Gainthesoilsof thestudy area
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showssomevariation, inwhichthehighest valueisre-
corded in QI with 29.6 ppm. Thevaluesof Gain QV
and Wadi El Abde are 24.7 ppm and 23.3 ppm re-
spectively, whilethelowest valueisrecorded in QIl
with 21.1 ppm (TABLE 1).

ThepreviousdataareclosetoAlinaK abatdY. He
dated that, Gaisdistributed rather uniformlyinthemgor
typesof rocksanditscommon va uesin both magmatic
and sedimentary rocksrangefrom 5to 25 ppm; butin
ultramafic and cal careousrocks, the concentration of
thismetal isabout 3 ppm. Head soreferred to average
Gacontent calculated for different soilsof theU.S. to
range from 11 to 30 ppm, being the lowest in sandy
and ca careous soilsand thehighest in soillsderived from
graniticand vol canicrocks. The present rangeof Gain
the study area of N.E. Desert of Egypt (21-30 ppm)
agreeswell with therange of U.S. soils (11-30 ppm)
according toAlinaKabata.

Chromium (Cr)

Chromium e ement distributionin the present soll
samples shows somevariations. Thehighest valueis
recorded in Wadi El Abde with 124 ppm, while the
valuesinQl, Qll and QV arenearly equal (44 ppmin
QI and QV and 40 ppm in QI (TABLE 1). Alina
Kabata showsthat concentration of Crinacidigne-
ous and sedimentary rockscommonly rangesfrom 5to
120 ppm. The soil Cr isinherited from parent rocks
and thereforeitshigher concentrationisin soil derived
from maficand volcanicrocks. Thusthe concentration
of Cr fromthefour locations of the present study area
isin agreement with AlinaKabata™. The present Cr
rangein our soils(40-124 ppm Cr) indicatsthat these
soilsarederived originally from acid igneousrocks or
granites. A matter that expressesthered rock nature of
thestudy area.

Tin (Sn)

Tineement distributioninthe present soil samples
showssomevariaions. Thelowest vaueisrecordedin
QV with 4.0 ppm, while the valuesin QII, Wadi El
Abde and QI are nearly equal (6.0 ppm in QIl and
Wadi El Abdeand 7.0 ppmin QI) TABLE 1. Kick et
al.® gavetherangeas1to 4 ppm. Govindargu“ re-
ported that Sn contentsin reference soilsfrom China
rangefrom2.5t0 17.7 ppmand in soilsof the U.S. to
rangefrom 1.7 to 4.0 ppm. The alowable concentra-
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tion of Snin soilsisestablished at 50 ppm. Thevalues
of Sninthestudy areaarein agreement with Govindargu

(op.cit.).
Distribution of elementsin plant samples

Thisstudy deal swith the accumul ation and distri-
bution of certain trace e ementsin Fagoniaboveana
plant and soil samplesassociated withthem. Several
heavy metd sfrom contaminated soilsare accumul ated
in plants Siedlecka?, trans-located to above ground
plant partsMarschner®® and stored within different cell
and tissue compartments Verkleij and Schat™ and
Ernstf24,

Theratio (Ep/ES) representsthe concentration of a
particular element in plant (ppm) over the concentra-
tion of thesame element in soil. Thisratio represents
the uptake of aparticul ar element from soil by plant
and theaverage of thisvalueinthefour sitesiscalled
theIndex.

Arsenic (As)
Fagonia boveana plant recorded the highest value
for Asratio (As/As) in QI and Wadi El Abde with

0.62and0.77 respectively (TABLE 2). Whilethelowest
valueisrecordedin QI location 0.08 (samplefrom up
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streamAlinaKabata). On the other hand, theval ue of
theAsratio recorded with moderate value 0.36isin
Qll locationand 0.42in QV location. Theaveragefor
Aseement concentrationinthisplantis0.47. Theper-
centageratiointhisspeciesis47 %, which seemsto be
asgnificant vauefor thiselement.

Queirolo et al.l® found that corn and potatoes,
growing in avolcano-influenced location of Talabre
(Northern Chile), contai ned high arsenic concentration
in the edible parts (1.85 and 0.86 ppm fresh weight
respectively), exceeding theNationd Standard of Chile
for arsenic which is 0.5 ppm. TABLE 2 shows that
Fagonia sp. for QI and Wadi El Abdelocationsgives
0.80and 1.4 ppmAswhich arefairly closeto Querolo
values. Accordingto MercedesDd Rioet d., theabil-
ity of Asabsorptionis 1.3 ppm by P. oleracea family
CaryophyllacesefromVicario site, Southern Spain. The
present datashowsthat Fagoniasp. fromWeadi El Abde
stegives1.4 ppmAswhichiscloseto Mercedeset al.
vaue

Bismuth (Bi)
Fagonia boveana showsthe highest value of the

givenratioinQl with 1.9 (TABLE 2). Thelowest value
isrecorded in QIl location with 0.07. Medium values

TABLE 2: Concentration of As, Bi, V, Ga, Cr, and Sn (ppm) in ashes of Fagonia boveana plant samplesand soil samplesin

Qattar areaas well as(E p/E 9 ratio

L(I:clggtnn As Bi \Y Ga Cr Sn
Plant 010 080 019 004 20 60 01 05 255 3665 011 028
I?atta Soil 13 13 01 01 50 50 206 206 44 44 70 70
Raio 008 062 19 04 04 12 0003 0016 058 083 002 004
Plant 0.50 0.02 40 03 39.96 0.17
Qattar I Soil 14 0.3 50 211 40 6.0
Ratio 0.36 0.07 0.014 10 0.03
Plant 0.50 0.03 30 0.3 351 0.21
Qattar V Soil 12 01 50 247 44 4.0
Ratio 0.42 0.3 0.6 0.012 0.08 0.05
Plant 14 0.05 120 12 107.15 0.35
Wadi ElAbde  Soil 18 0.2 44.0 233 124 6.0
Ratio 0.77 0.25 0.27 0.05 0.86 0.06
IBA 047 0.44 0.55 0.02 0.66 0.04
IBA % 47 44 55 20 66 4
Av. Conc. 0.66 0.06 54 05 454 0.22

Ratio Ep/Es. conc. of an element in plant/ conc. of the same element in soil; IBA : Index of bioaccumulation being the average of
ratiosin the four locations; Av. Conc: Aver age of concentrations of an element in plant from the four sites; All values except ratios

arein ppm; * : Two samples are taken from this site.
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of theratiofor Bi arerecordedin QI (another sample)
with 0.4, QV location with 0.3 and Wadi El Abdelo-
cation with 0.25. The averageratio for Bi uptakein
Fagonia sp. is0.44. Accordingly the percentageratio
of Bi concentrationinthisplant is44 %.

Vanadium (V)

Thehighest valuefor absorptionratio of V dement
in Fagonia boveana plantis1.2in QI location. The
lowest valueis0.27 inWeadi El Abdelocation (TABLE
2). Themoderatevaluesof V absorptionratio are 0.4
for another samplein QI and 0.6 in QV. The mean of
absorptionfor V ratio (Vp/ V) inthisspeciesis0.55
and the percentageratio of V concentration therefore
iS55 % whichlookshigh. Ontheother hand, itisfound
that Fagonia sp. can concentrate V. morewhen con-
centration of thiselement increasesin soil. According
to Khadija et al.*®, Fagonia indica can concentrate
V with 6.89 ppm. In the present work Fagonia sp.
concentrates 6.0 ppmin onesamplein Ql. Bonanno”
stated that Phragmitesaustralis sp. hastheability to
absorb V with 9.20 ppminroot sample. Inthe present
study Fagonia sp. recorded 12.0 ppmV inone plant
sample collected from Wadi El Abde location. The
present valueiscloseto that recorded by Khadijaand
Bonanno.

Gallium (Ga)

Uptake of Ga element in Fagonia boveana re-
corded threelevelsfor Gauptake asgiven by theratio
(Gap/ Ga). Thehigh level isfoundin Wadi El Abde
location with 0.05. Themoderatelevel inQI, Qll and
QV locationsis0.016, 0.014 and 0.012 respectively
(TABLE2). Thelow levd isfoundinanother ssmplein
QI (up stream sample) with 0.003. The mean of Ga
absorptionin Fagonia sp. is0.02. Thusthe percent-
ageratio of Gaconcentrationinthisspeciesis2.0%, it
seemsto beinggnificant vauefor Gadement.

Chromium (Cr)

Uptakeof Cr element in Fagonia speciesrecorded
threelevelsfor Cr uptake asgiven by theratio (Crp/
Cr). Thehighlevel is1.0inQll location (TABLE 2).
Thelow level is0.08 in QV location. The moderate
level is0.83in Ql and 0.86 in Wadi El Abdelocation
and 0.58 in another samplefrom QI. Theaveragefor
Cr ratio in Fagonia speciesis0.66, which mean that
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thepercentageratiofor Cr absorptioninthisspiecesis
66 %.
Tin(Sn)

Chemica anaysisof Sheementin Fagoniaplant
shows nearly equal valuesof theabsorptionratioinal
locations with range from 0.02 to 0.06 (TABLE 2).
Theaverage of Snuptakein Fagoniasp.is0.04, and

the percentageratio of Snaccumulationinthisspecies
iS4 %.

Concerning Fagoniasp., thefollowing brief notes
areobserved

1) It can concentrate the highest value of As (0.66
ppm). Thisplant can aso accumulateAs 16times
morethan WPA (0.04 ppm) TABLE 3. It can be
used for clearing soil from extraamountsof Asele-
ment.

2) Itisanimportant plant for concentrating Bi dement
(0.06 ppm) (TABLE 3). It can accumulate Bi 30
timesmorethan WPA (0.002 ppm). It can be used
asanindex plant for exploration of Bi.

3) Itisanimportant plant for accumulation of vana
dium element (5.4 ppm) (TABLE 3). It can accu-
mulate V 36 times more than WPA (0.15 ppm).
Thisplant can be used for exploration of vanadium.

4) Itisasomewhat important plant for absorptionand
concentration of galliumeement (0.5 ppm), WPA
not detected for thiselement. Thusit can be used
for explorationfor Ga

5) Itisaveryimportant plant for absorption and con-
centration of Cr dement (45.4 ppm). Thisplant can
accumulate Cr 227 times more than WPA (0.2
ppm). An adviceisgiven hereto usethis species
for exploration of chromium depositsinthearea.

6) Itisanimportant plant for absorption and concen-
tration of Sn (0.35 ppminWadi El Abdesite). This
plant can accumulate Sn 11 times more than WPA
(0.02 ppm). Thusthisplant can be used for explo-
rationfortin.

TABLE 3: Traceelement concentrationsin Fagoniaboveana

speciesfrom Qattar area and comparison with world plant
averages

Element
Plant

Fagonia boveana 0.06 54 0.5 454 022
World Plant Av.* 0.002 0.15 Nd** 0.2 0.02
*:Berna et al.[® after Reimann et al.¥; **: Nd : not detected

As Bi \% Ga Cr Sn

0.66
0.04
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So, Fagonia boveana can beused asan indicator
for As, Bi, V, Cr, Gaand Sn.

CONCLUSION

Thedistribution of the analyzed elementsin soil
samplesof four localitiesindicatesthat:

1) Location QI hasthe highest concentration of Ga
and Sn.
2) Location QIl containsthe highest concentration of

Bi and Sn.

3) Location QV containsthehigh concentrationof Ga
4) Location Wadi El Abde hasthehighest concentra-
tionof As,V and Cr.

Fagonia boveana plant iscondensed inthe course
of rainwater that iscoming from top of Gebel Qattar
(Ql, Qll and QV) toward valies. Family name of this
plant iscalled Zygophyllaceae.

Fagonia boveana isvery important plant because
it hasthe ability to absorb and concentrates: As, Bi, V,
Ga, Cr, and Sn. Someof thesedementsaretoxicthough
they absorbed by high vaues.
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