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ABSTRACT KEYWORDS
Fifteen surface soil samples (0 -30 cm) representative of somethe Egyptian Egyptian S{Oi Is;
soilstypeswere collected from areas along Elsalam Canal, Sinai, Sewa Oa- Total sel enium,
sisand El- Nubaria. The samples were five samples from both Sewa Oasis Fracti onation;
and along EL Salam canal at west desert and the north coastal, respectively. Speciation.

Four samplesfrom Sinai and one sample from Nubaria. The study areasare
irrigating with different irrigation water qualities and have morphological
variations. The collected soil samples were chemically analyzed for some
chemical and physical properties, total Se, Se fractions and Se species. To
assess the behavior of various geological Se, the collected Soil samples
were partitioning to investigate the significance of different Se fractionsin
assessing solid — phase speciation and geochemical transformation. The
Se fractions extracted by the partitioning technique were aqueous (0.25 M
K Cl) exchangeable (1 M KH2PO4), acid extractable (4 M HCI), sulfideand
humic bound (KCIO3 + 12M HCI) and siliceous (HNO,+H_SO,+HCLO,).
Selenite and Selenate in each sample were measured by hydride generation
atomic adsorption spectrometer. The chemical fractionation of soil Se, ranged
between, 0.011t00.293, 0.02t0 0.280, 0.03t0 0.360, 0.033t0 1.211 and 0.061 to
0.710 ppm, for aqueous, exchangeable, acid extractable, sulfide and humic
bound and siliceous, respectively. The amount of fraction-Se in soils did
not correlated significantly with most of the studied soil properties with
exception of thesiliceousfraction that related significantly with pH (0.638*).
Total Sewas found to vary from 0.17 to 1.95 ppm. These levels are posi-
tively correlated significantly with exchangeable, acid extractable and sul-
fide extractable and siliceous fractions. The coefficient correlations were,
0.507*, 0.582*, 0.882**and 0.512*, respectively. Also, the species (Se™) of
agueous and exchangeabl e fractions are positively correlated significantly
with the total Se. The coefficient correlations were, 0.811** and 0.527*,
respectively. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION tioning of lifeon our planet. Somedementscanbehighly
toxictovariouslifeforms; othersare considered es-
Tracedementsplay animportantroleinthefunc-  sentia, but can becometoxic a higher doses. Many of
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these effects depend strongly on the particular formin
which the element is present in the system. Seisan
essentid traced ement inanima nutritionthat istoxicat
elevated concentration*Y. Elevated solution Se con-
centrations can occur asaresult of mining operations
and drainageof seleniferoussoilg24. Therangebetween
Se deficiency and toxicity is narrow (Gupta and
Watkinson, 1985). Sourcesof selenium contamination
associ ated with anthropogenic activitiesarisefrom ap-
plication of agricultural pesticides, disposal of industrid
wastes, and combustion of fuels. Seeniumisnaturdly
enriched infossil fuelswell abovethelevel of abun-
danceintheearth’s curst of < 0.05 mg/kgl”. Selenium
isfurther concentratedin coa combustion by-products
such asfly ash (e.g., 6.9 to 760 mg Se/kg ash)!?. Se
existsin the atmospheric, marineand terrestrial envi-
ronments, whereit may betransported and transformed
viadifferent chemicd and physicd pathways. Thedis-
tribution of Seisgreatly inhomogeneous, resultingin
therdative Seenrichment and depletioninthedifferent
environments. Inparticul ar, devated levelsof Seinthe
aquatic environment and interrestria plantssuch asli-
chens and mossesremote from anthropogenic emis-
sion sourceshave been documented, indicating that at-
mospheric deposition may be animportant source of
contamination249, Selenium existsin four oxidation
statesin natural systems: selenate (Se(V1)), selenite
[Se(1V)], elemental Se[Se(0)], and selenide[Se(-11)].
Under theprevailing pH-pE rangeinsoils, seleniumis
most mobileinthe Se(1V) and Se(VI) forms, whileel-
emental Se(0) and Se(-11) are present as stablemetal
formg®, Se(VI) is present as Se042- over theentire
pH range of soils, whilethe major Se(1V) speciesis
HSeO3- (pKa=2.68) at pH < 8.4 and Se032-
(pKa=8.4) a pH > 8.4?2, Themagjor inorganic Se spe-
ciesfoundin soil solution aresdlenite, Se(IV), and se-
lenate, Se (V). Sdeniumtoxicity isdependent onits
oxidation state (Harr, 1978). Sdeniteisgeneraly con-
sidered to be moretoxic than selenate. Thetransfor-
mation rates of seleniteto selenate and selenateto se-
leniteares ow so that both redox statescan coexistin
soil solution. Adsorption reactionswith soil minera sur-
faces attenuate sol ution Se concentrations. Selenite
adsorbsstrongly on soil surfaceswhileselenate gener-
ally adsorbs weakly or not at all and is readily
leached*”. Because of the differencesintoxicity and
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adsorption behavior, speciation of inorganic Seisim-
portant. The present investigation amsto study the Se
fractionsand species present and their rel ationwith some
Egyptian soil characteridtics.

MATERIALAND METHODS

Fifteen surface soil samples(0-30.cm) represen-
tative of somethe Egyptian soilstypeswere collected
from areasdong Elsdam Cand, Sna, SewaOasisand
El- Nubaria. The sampleswerefivesamplesfrom both
SwiaOasisand along EL Salam canal at west desert
and thenorth coastal, respectively. Four samplesfrom
Sinai and one samplefrom Nubaria. The study areas
areirrigaingwith different irrigation water quditiesand
have morphological variations. The collected soil
sampleswereair dried crushed by agate mortar, passed
througha2mm sieveand stored for chemical and physi-
cd andyses. -Determination of somephysica and chemi-
cal propertiesof the collected soil sampleswas pre-
formed accordingto thefollowing:-

Mechanica andys swasusingtheinternationa Fi-
pette method with sodium hexametephosphate asadis-
persing agent Piper(*®. Organic matter content wasde-
termined by the method of Weakley and black Jack-
son(*3, Soil reaction (pH) was determined
electrometrically in the soil paste using bench type
Beckman glasselectrode pH — meter. Total carbonate
wasdetermined volumetrically using Callin‘s calci-meter
according to Jackson (1958) and calculated as
CaCOa3. Total soluble salts were estimated conduct
metrically as Ecinthe soil paste extract according to
the described by Jackson3, Cationic and anionic com-
positionsof the soil saturation extract were determined
asdescribed by Richard®. Cation exchange capacity
and exchangeabl e cationswere determined according
to the methods described by Jackson!*3. Anion ex-
change capacity was determined according tothe meth-
ods described by Marc Pans and Jacques
Gautheyrou*¥. Sewas determined by hydride genera-
tion atomi c adsorption spectrometer after digestion of
the samples with aternary acids mixtures of HNO,,
H,S0, and HCLOA4. Extraction of Silicaby successive
washingsof 5% Na,CO, solution Follet et a*°! the con-
tentsof S andAl in each washingweremeasured speciro
photo metricaly usingtheammonium molybdatemethod
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for S and Aluminum method for Al Snell and Snell,
Freeiron oxides were extracted by CBD method ac-
cordingto Mitchell and Mackenzi€™ and determined
gpectraphoto metricaly using O - phenanrthroline spe-
ciation and geochemicd transformation of soil method
Snell and Snell®, Fractiond partitioning for assessing
solid- phase Selenium was determined according to
Chao and Sanzolon€e®. The procedure extracts soils
Seintofivefractions. Soluble (0.25M KCL), legend
exchangeable (0.1M KH,PO,) acid extractable
(4MHCL) oxidative acid decomposable (KCLO,
+conc HCL) and strong mixed — acid digestible
(HNO,+H,S0,+HCL). Seleniteand Selenateineach
samplewere measured by hydride generation atomic
adsorption spectrometer.

RESULT AND DISCUSSION

Beforediscussingthesdenium statusinthestudied
aress, itisimportant to throw light ontherdevant phys-
cal and chemical propertiesof theinvestigated soils.
Thephysicd and chemicd propertiesof thestudied soils
areshownin TABLES 1. Anaccount onthesesoil prop-
ertiesisgiven heregfter.
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Characterization of thestudied soils

TABLE 1 showedthat soil texturevariesfrom sandy
to clay. At Elsalam region the textureis clay except
sampleNo (1) issandy —loam, Al Irish, Wadi- firan,
KantraEast and EI- Nubariaregionsare coarse sand
in texture but Ras Sudr is sandy clay loam. In Swia
oad sthetexturevariesfromfinesandin samples(l and
1), coarsesand in sampleNo (1) and sandy — loam in
samples(IV and V). TABLE 1 showed that almost all
of thestudied soilsaremildly alkaline (pH 7.6-8.3) ex-
cept SwiaOsisregionsaready recognized asakaine
(pH>8.3). In El Salam canal region pH valuesrange
from 7.6 to 8.3 indicating neutral to alkalineln Swia
OsisregionsthepH valuesaremildly alkaline> 8.0
except sample (V). Thehighest valueis8.9in sample
(111) and thelowest valueis 7.8 in sample (1V).

Datain TABLE 1 showed that thesoil sunder study
aredightly salineto extremely saline, asindicated by
EC_vaueswhichrangewidely from 1.36t0 54.6dS/m.
Thehighest EC_va uecharacterizesRas Sudr soil sample
whereasthelowest valueisassociated with Wadi firan
soil sample. Distribution of soil sdinity showsthat EC,
valuestend to decrease with soilsin El Salam region

TABLE 1: Somephysical and chemical propertiesof thestudied soils.

L ocation CEC AEC OM CaCO; SO, Fe,0s Clay Slit Sand Texture
(meg/100g) (meg/100g) % % % % % % class
Elsalan Canal
I 48.69 9.53 0.23 29 186 14479 51.81 28.07 20.12 cl
I 10.60 12.71 0.12 0.1 138 30787 658 18.68 74.74 LS
I 59.13 10.65 6.01 9.3 251 699.06 64.39 2319 1247 Cl
v 49.56 12.09 6.04 2.2 255 123251 5778 245 18.46 Cl
\% 34.78 0.49 5.32 21 165 184939 4881 3273 184 cl
Sinai
Rase sadre 9.57 21.82 1.48 26.2 120 131039 131 288 581 SL
Alarish 8.69 15.59 1.38 27.3 223 131039 59 6.6 87.4 S
Wadi firan 1.48 14.48 0.98 8.24 8.4 786.8 0.1 4.8 98.1 S
El Kantara east 0.96 1.22 0.57 1.18 165 280.85 0.3 24 97.3 S
El-Nubaria
11.30 12.28 0.23 36.6 185 8874 245 172 583 SCL
Siwa Oasis
I 0.52 4.15 0.17 14.4 114 228.89 25 35 94.0 S
I 0.43 16.73 0.17 131 124  139.61 4.1 49 91.0 S
I 0.69 4.06 0.29 14.7 148 226.61 2.4 208 9552 S
v 6.95 22.86 0.75 324 27.7 96.8 586 3111 63.03 SL
\% 1.82 23.49 0.35 8.8 164 51529 6.67 1723 76.1 SL
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. Ec Soluble cations (me/L) Soluble anions (me/L)
L ocation PH ) = = : : =
(ds/m) Ca Mg Na K CO; HCO; Cl SO,
Along Elsalam canal

I 8.1 12.79 28.34 7.77 64.24 145 3.24 243 61.13 33.70
I 7.8 18.61 28.00 12.45 98.09 1.47 - 1.56 128.37 10.09

I 7.6 7.42 21.97 5.53 60.89 1.15 2.20 3.29 56.03 7.12

v 8.3 244 7.76 2.07 15.79 0.50 4.14 3.10 15.52 2.33

\% 8.0 3.39 4.65 357 11.97 0.20 155 2.33 145 3.09

Sinai

Rase sadre 7.08 54.6 76.05 28.68 289.7 111 - 217 334.9 4,01
Alarish 7.6 39.1 7.75 7.07 103.36 1.22 - 1.19 1118.8 43.95
Wadi firan 8.27 1.36 10.55 7.91 4.81 0.39 - 2.64 16.49 4.55
Kantar east 7.8 43.7 53.35 49.24 299.7 4.20 - 2.05 348.8 54.02

El-Nubaria
8.1 416 11.94 4,78 19.93 1.30 - 6.68 23.88 7.38
Sewa Oais

I 8.4 18.1 34.02 17.39 74.28 2.90 151 151 77.11 25.02
I 8.63 14.29 32.70 22.7 87.16 3.95 - 2.27 103.5 22.45

I 8.9 2.20 4.84 242 6.14 0.95 - 2.02 12.52 2.25
v 7.8 35.3 77.9 58.62 1425 2.56 - 154 146.5 1335
\% 8.1 413 32.36 14.74 104.7 8.68 - 1.59 106.9 78.35

from sample(l) to (V). Under thecondition of theallu-
via soilsof El Salam canal region, the distribution of
soluble cationsfollowstheorder: Na* >Ca?>Mg*2>
K*which characterizesall the soils. The anionic com-
position of soil saturation extract isdominated by ClI-
followed by SO,?inall samples. Inall soilsCO,~and
HCO, aretheleast dbundant anionsin all samples of
thestudied soil.Datain TABLE 2 showed that the soils
organic matter content rangesfrom 0.17t06.24%. The
highest content isrecorded in sample(1V) of El Salam
regionwhilethelowest content isfound inthesample(l
andll) intheSwaOasis. Thehigher contentsof organic
matter rendered to manuring of cultivated soils, mostly
thedluvia ones. Inshort, organic matter content isgen-
eraly low duetothe highrate of itsdecomposition un-
der the prevailed semi-arid climatic condition.

Datain TABLE 1 showed that CaCO, content in
the studied soilsrangeswidely from 0.1t0 36.6 %. The
highest content isfound in the sampl e representing the
calcareous soilsof El Nubariaregionwhilethelowest
content isfoundinthesample(l1) representing thed lu-
vid soilsof El Salam region. Asexpected, theca care-
oussoilsareenriched with CaCO, whichrangesfrom
14.4% upto 36.6% whereasfluviomarineand dluvia

soilsareimpoverished in thiscomponent sinceitscon-
tent does not exceed 9.3%.

TABLE 2: Fractional partitoning of soil selenium, (ppm)

Location Aqueous Exchange Acid Sulfide Silinieous Total

Along Elsalam Canal

| 0.044 0.101 0.131 0.103 0.271 0.650
1 0.033 0.021 0.041 0.033 0.061 0.189
11 0.080 0.121 0321 0.122 0.112 0.756
v 0.121 0.090 0.172 0.161 0.271 0.815
\% 0.020 0.020 0.121 0.111 0.350 0.622
Sinai
Rase Sudre 0.042 0.054 0.172 0.084 0.095 0.447
El —Arish 0.293 0.040 0132 1.02 0.131 1.616
Wadi —Firan ~ 0.011 0.280 0190 1.211 0.250 1.942
Kantar- east 0.112 0.063 0.050 0.080 0.081 0.388
Al- Nubaria
0.013 0.110 0.030 0.081 0.12 0.354
Siwa Oasis
| 0.022 0.042 0.021 0.053 0.083 0.221
1 0.073 0.123 0.260 0.041 0.330 0.827
11 0.071 0.052 0.360 0.440 0.710 1.633
v 0.042 0.021 0173 0.134 0.380 0.750
\% 0.051 0.050 0.150 0.121 0.370 0.742
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Datain TABLE 3 showed that CEC of the soils
under study varieswiddly from 0.43t059.13 mg/100g
soil. Thelowest valueisrecordedinthesample(ll) in
Swiaosswhilethehighest valueisassociated with the
sample(l1l) in El Salam cand region. Thegredat varia-
tionin CEC of the studied soilsismainly rendered to
their clay content and mineralogy.. So El Salam cana
region recorded the highest valuesof CEC (10.6-59.13
mg/100g soil) because of its contentsof clay Positive
chargeisoriginated either from rupture of planesof the
structura unitsand theresulting edge chargeor of iron
and aluminum oxidesthat cover somecrystallineclay
or occupy aninterlayer positioninlatticelayers. These
chargesinduce adsorption of aniong?.

TABLE 3: Speciation of theavailablesdeniumfractionsand
total seleniuminthe studied soils(ppm).

. Aqueous Exchange symof T.

L ocation Sett gt ot ogtt available  Se

- | 0.012 0.032 0.07 0.03 0.144 0.63
g 1 0.011 0.021 0.011 0.011 004 0.17
% 11 0.011 0.070 0.070 0.060 0211 0.73
% v 0.050 0.070 0.010 0.080 0210 0.80
u \% 0.002 0.018 0.010 0.010 0.040 0.59
Rasesadre 0.020 0.022 0.031 0.015 0.088 0.42

foi El arish 0.110 0.180 0.031 0010 0331 159
@ Wadifiran 010 0011 0200 0.090 0310 1.95
Kantar east 0.011 0.102 0.041 0.022 0176 0.38
El-Nubaria  0.011 0.012 0.060 0.050 0.131 0.34
I 0.011 0.011 0.034 0011 0067 023

% I 0.031 0.040 0.062 0053 0184 084
% " 0.031 0.040 0.030 0021 0122 1.63
-(% v 0.020 0.021 0.010 0.010 0061 0.73
\Y 0.010 0.041 0.020 0030 011 077

TheAEC waslong considered to bealessimpor-
tant measurement than the CEC becausethedifferent
anionsinvolvedintheseexchangesarese domretained
be simple e ectrostatic bonds, but only by more com-
plex strengths. Without sel ectivefixation, only the ex-
changeof CI, NO, and ClO, anionsispossible. The
exchangeof oneanionwith another anionof smilarionic
force does not modify the el ectrophoresismobility of
theparticles. Thereisno changein specificity related to
the size of the anion and probably not to the phenom-
enaof stericimpossibility!?!. Other anionscan bemore
strongly retained on the oxide surface by coordination
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bondsor chemisorption (e.g., different silicates, mo-
lybdates, arsenates, and organic anions), Bowder et
al.1%. In case of the polyanions, whose economic re-
percussionsin agronomy are considerable (e.g., PO,*
, SO,%), the AEC cannot account for exchangeable
forms. Indeed, in addition to theexchange phenomena,
other phenomenalikeprecipitation of insolublesdtswith
iron, duminumor akaline—earth elements also have to
be considered. Methods for the measurement of the
AEC are based on the same principleasthe CEC and
subjected tothesame congraints. Only thevadencesigns
haveto bereversed. If thesurfaceispositively charged,
any excessanions maintained by thee ectrostatic links
inthedoublelayer areexchangeable. In brief, theAEC
Isthe maximum quantity of anionslikely to belinked
per unit of soil weight and generally accountsfor 1-5%
of the CECB.

Daain TABLE 1 show that AEC vauesvary from
onesoil to another, being a itslowest valuesin sample
No (V) inEl Sdam cand regionwhilereachitshigher
vauesinsampleNo (V) inSwiaOsis. For convenience,
thelowest AEC valuesrangefrom 0.49-1.22me/100g
in El Salam cana region sampleNo (V) and Kantra—
east whereas the highest values range from22.86-
23.49me/100g insamples(1V) and (V) in SwiaOsis
and themedium vauesrange of 4.06-16.73 me/100g
inother samples. ThesevariationsinAEC valuesare
mainly rendered to thedifferencesin positive charges
from one soil to another.

Selenium statusin thestudied soils

Generdly, datain TABLE 3recorded that theval -
uesof total Seranged between 0.17t0 1.95. soil sample
(1) dong Elsdam cana havethelowest but soil sample
fromWidi Furan havethehighest vaue. Indetail datain
TABLE 3 showed that thetota Secontent in the stud-
ied soils varies from 0.17 to 0.8 ppm, 0.23 to 1.63
ppmand 0.42t0 1.95 ppm for the collected soil samples
from the areas, along Elaslam canal, Sinai and Siwa
Oasis, respectively. Thereisasignificant correlation
between total Seand thestudied Sefractions. Thereis
adsosgnificant corrdation betweentotd Seandthestud-
ied Se speciation, (Se™ and Se*) for aqueousand ex-
changeablefractions. Total Sewasfoundto vary from
0.17t0 1.95 ppm. Theselevels are positively corre-
lated significantly with exchangeabl e, acid extractable
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and sulfide extractablefractions. The coefficient corre-
lations were, 0.507*, 0.582*, 0.882**and 0.512*,
respectively. Also, the species (Se™) of aqueousand
exchangesblefractionsarepostively correlated signifi-
cantly with thetotal Se. The coefficient correlations
were, 0.811** and 0.527*, respectively.

Fractionationisdefined as Process of classification
of analyzesor agroup of analysesfromacertansample
accordingtophysica (e.g., Sze, solubility) or chemicd
(e.g., bonding, reactivity) properties. So Fractionation
techniques have been applied widely to assessthe be-
havior of variousgeol ogica traceelementsHowever;
relatively few studies have been conducted on solid
phase speci ation and geochemical assessment of sele-
nium (Se) through fractiona partitioning.

According to Chao and Sanzolon® and
Sharmasarkar and Vance?®, selenium (Se) was par-
tially fractionated and speciated to understand itsmo-
bility and contamination behavior in soilsof contrast-
ing properties. Five Sefractions (aqueous, exchange-
able, acid-extractable, sulfide and humic bound and
siliceous) were obtained by sequentially extracting the
soils with 0.25 M KCl, 1 M KH,PO,, 4 N HCI,
(KCIQ, + 12 N HCI) and concentrated (HNO, +
HCIO, + H,SO,), respectively. Each fraction was
analyzed for total Se by atomic absorption spectro-
photometry with hydride generation (AAS-HG). Af-
ter adigestionwith (30%H,0, + 12N HCI). Solution
of the selenitewas anayzed beforethis pretreatment
the selenatewas cal culated from the difference of these
two results. However, the selenite or both Se species
may be mobilized depending on soil conditionsand
sources of Se. Aqueous and exchangeablefractions
will beavailablefor leaching and plant uptakewhereas
theacid extractablefraction may beconditionaly avail-
able. Thelast twofractionsare weatherablewith time
and ordinarily remain unavailable. Inthisrespect, Cary
et a. (1967), the K2S0O4 soluble Se consists of sel-
enate and selenite or organic Secompounds of rela-
tively low molecular weight compounds. The ex-
changeabl e fraction represents sel enite sorbed on hy-
drous oxides and the NH4OH fraction consists of
adsorbed Se on organic compounds. The Sefraction
extracted by 6N HCI represents seleniteoccluded in
sesguoxide particles, whereasHNO3 soluble and re-
sidua Serepresent elemental Seand heavy meta se-
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lenides. Theresultsof fractiond partitioning of Seare
shownin TABLE 4 thesefractionsare here after:

Aqueousfraction

Datain TABLE 2 showed that Se aqueous frac-
tion which extracted by 0.25 MK CL ranged between
0.011 and 0.293 ppm, the highest level was associ-
ated with El Irish soil (sand) whilethelowest wasthat
of Wadi —firan (sand). In order to find out the relation
between aqua-fraction and soil properties, correlation
coefficient wereca culated with particle s ze distribu-
tion (sand, silt and clay), OM, total caco,, PH, Ece,
CEC,AEC, Fe,0,and SO2. Datain TABLE 4 showed
that theresultswerebel ow thelevelsrequired for sta-
tistical sgnificancefor dl cases. Inorder tofind out the
rel ation between Se agua-fraction and other fractions
and total selenium, datain TABLE 4 show that the
correl ation coefficientswere higher significancewith
agueous selenate, (972**) while significance with
agueousselenite, (591*) but therel ationswith the other
fractionswereunder significans.

Exchangeablefraction

Thedatain TABLE 2 revea ed the magnitude of
variation in exhangeabl e fraction of Seextracted by
1MKH,PO4, theresultsranged between 0.021 and
0.123 ppm, thelowest level with recorded for sample
(2) in El Salam canal region and sample(14) in Swia
oasis, the highest val uerecorded for Wadi—firan soil.
In order to find out any relation between Exchange-
able-fraction and soil properties, the cal culated cor-
relationswith texture (particlesizedistribution), OM,
total caco,, PH, Ece, CEC, AEC, Fe,0, and Sio,
were below thelevelsrequired for statistical signifi-
cancefor al cases.

Datain TABLE 4 show therelationship between
exchangeabl efraction and other fractionsand total se-
lenium, theresultsreved that thecorre ation coefficients
between exchangeablefraction and other fractionswere
significancein case of sulfide, aqueous selenite, total
fractions and total Se, the correlations were,
0.531*,0.478*,0.500* and 0.507*, respectively. But
werehigher significancewith exchangeablesdeniumin
the species selenite (0.952* *) and selenate (0.854**).
Thereationship between exchangegblefraction and sili-
ceousfraction showed that correlation coefficient were
below sgnificance.
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TABLE 4: Thesmplecorrelation between soil properties, Sefractionsand species.

Aq. Ex. Acid Sulfide Silic. T.Fr. Aqu.Se™ Aqu.Se™ Exch.Se™ Exch.Se™ T.Se
PH 0.638*
ECe -0.434 -0.541*
CEC
AEC
Fe203
Sio2 0412 -0.304 0.419 -0.419
Clay 0.314
Silt -0.272 -0.284 -0.415 -0.378  -0.397 -0.396
oM 0.338
CaCO3
Aq
EX
Acid
Sulfide 0.416 0.531*
Silic
T.Fr. 0.500% 0.885** (0.506*
ASe™ 0591* 0.478* 0.926**
ASe™ 0972** 0.508* 0.615**
ESe™ 0.952% * 0.615* 0.487*
ESe'® 0.854**
TSe 0.372 0.507* 0582 0.882** 0.512* 0.811** 0.527*

Acid —extractablefraction

Would correspond to Seassoci ated with amorphous
materia 919 carbonates!? Acid—extractable fraction as
extracted by 4 N HCI ranged between 0.021 and 0.360
ppm, thelowest level with recorded for sample(l) in
Swiaoasisand the highest level characterized sample
(1IN inSwiaoasis. Toinvestigate therel ationship be-
tween thisfraction and soil properties, the correlation
coefficient were ca culated between thisparameter and
each of texture, OM, tota caco,, PH, Ece, CEC,AEC,
Fe,0,and Sio, theresultswerebelow significancein
all cases. Toinvestigate the rel ationship between this
fraction and other fractionsandtota sdenium, datashow
that the correl ation coefficient were significancewith
sliceous, totd sefractionsandtotal Se, thecorrelation
coefficientswere, 0.633*, 0.584* and 0.582*, respec-
tively. Theother relationswere below significance.

Sulfideand humicbound fraction

Selenium associated with sulfide, organic matter as
extracted by the combination of KCLO, and 12MHCL
ranged between 0.033 and 1.211 ppm, thelowest level

with recorded for sample (Il) in El Salam cand region,
thehighest level characterized Wadi furan soil. Toin-
vestigate there ationship between thisfraction and soil
properties correlation coefficient were cal culated be-
tween this parameter and each of texture, OM, total
caco,, PH, Ece, CEC, AEC, Fe,0, and Sio, There-
sultswerebel ow significancein all cases. With respect
to therelationsbetween thisfraction and speciesof Se,
datain TABLE 4 reflect the magnitude of correlation
between thisfraction asmeasured against the other frac-
tionand speciesof Se. Therdationsin TABLE 4 proved
highly significant werethosebetweentotd fractions, total
Seand Aqueou selenite. The correlation coefficients
were, 0.885**, 0.926** and 0.882* 8, respectively.
The exchangeable selenite correlated significantly
(0.615*) withthe studied fraction.

Siliceousfraction

Correspondingto highly res stant siliceousselenium
of thelayer lattices of siliceous mineralsthisfraction
was obtained by extraction with mixed acid solution
(HNO3+H2S04 +HCLO3). Datain TABLE 4 reved
that theval ues associ ated with thisfraction ranged be-
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tween 0.061 and 0.71 ppm, the lowest content char-
acterized sample(ll) in El Sdlam cand region, whilethe
highest isthat recorded for sample (111) in Swiaoasis.
Toinvestigatetherel ationship betweenthisfractionand
soil properties, correl ation coefficient were calculated
between thisparameter and each of texture, OM, total
caco,, PH, Ece, CEC,AEC, Fe,0,and Sio, theresults
werebe ow significancein all cases, with exception of
the correlation with pH witch correl ated significantly
withthisfraction (0.638*).

With respect therel ation between thisfraction and
other fractions and species of Seand total selenium,
datashowed that the correl ation coefficient weresig-
nificancewithtota fraction (0.506* ) andtotd sdlenium
(0.512*), while below significance with aqueous, ex-
changeable, and sulfidefractions.

Selenium species (Set and Se'®)

Geochemistsand environmental chemisishaveoften
gpplied theword speciation to describethetransforma:
tionstaking placeduring cycling of theelements. An ex-
ampleisthechangesthat occur between theleaching of
trace el ementsfrom soil or rock and their subsequent
distribution inthe aquatic environment. However, inor-
der avoid confusion, speciesand measuring thelr distri-
bution. Sometimes, itisusedtoindicatethat amethod
givesmoreinformationontheforminwhichthedement
ispresent than other more commonly gpplied techniques
finally, theterm speciationisalso used to indicatethe
distribution of speciesinaparticular sample character-
ized or matrix. Solid—phase Selenite -Selenate specia-
tioninavailablefractionsisshownin TABLE 4, these
species(Selenite- Selenate) arehereafter:

Set*and Se'® speciesin aqueousfraction

Therangesof Se™inagueousfractionwereranged
from <0.01t00.11 ppm, thelowest content character-
ized for Wadi firan region whilethe highest isthat re-
corded for El —Irish. With respect to Se*6, thevalues
ranged from <0.011t0 0.18 ppm, thelowest level with
recorded for Wadi firan region, whilethe highest level
characterized soil sample(V) dongAlsalamcand. To
investigatetherdationship between thisfractionand Se
and Se*®, data show that no significance correlations
werefound between Se and thisfraction while high
sgnificancewith Se'®. Thisclearly suggeststhat Se'éin
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aqueous sol utionswoul d bethe potential species, the
similar conclusion wasreported by Sharmasarkar and
Vance?. Datain TABLE 4 showed significant corre-
lations between this specie and aqueous selenate
(0.508*) and exchangeabl e selenite (0.487*), respec-
tively and highly Sgnificant withtota sdenium (0.811**).

Sewould gradually betransformed into aqueous
Se. They added that the mechanism of transformation
of exchangeable Seto aqueous fraction could be el -
ther selenite- selinate oxidation or possibly massflow
of Setothe bluk solution phasefrom adsorption site.
However, salenite— selinate transformation would be
aslow process.

Se** and Se'® speciesin exchangeable fraction

Datain TABLE 5 showed that the valuesof Se™in
thisfraction ranged from 0.01to 0.2 ppm. Thelowest
content characterized sampleNo (4) in El sdlam cand
region whilethe highest isthat recorded for sample of
Wadi firan. With respect of Se*® thevalueswerefrom
0.01t0 0.09 ppm. Thelowest level with recorded for
sampleNo (V) in El sdlam cand regionwhilethehigh-
estleve recorded for Wadi firan soil. Toinvestigatethe
relationship between thisfractionin phase Se and Se's,
data show asignificance correlations wasfound be-
tween Se*® and Se™ inthisfraction (0.615*), whilea
high significance between Se™inthestudied fraction
and total Se (0.527*). So the exchange phase maybe
affected by Selenateand total selenium and their trans-
formation from selenium formsto another accordingto
thesoil conditions.
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