Journal of Water and Soil

Vol. 30, No. 4, Sept.-Oct. 2016, p. 1256-1269 CEiad

g5 Wil SUI 5 U Gl b 53 jid oS aulis

T 5 A PN T g el = e e dae
YRR/ 5/ 3L b

(55791 @ibio g pale) S g O @ i
\YOF-1YFA . o AYAD ngT— oo F o lods (Ve wl>

2SS

355 S e 65 bl i S ol 5 (o S p Slamgs > (Kl das 5 Kt 3blia )3 03 4 (5 y0le Slga £

3 o e el by il 2y ] > Sl oyt oy 5 gl (o 15 (58 U5 o5 Ao il slazuSs J JSitia ¢ 5
3 b a3l Gl ot SLaads] cla i wSB ggy o oael 3939 4 sl SB Lol JSitie cogllae oo  (Sosd Sluogad g
)] Slawd Bl 9 ub » )J}A )9.‘0 L Lmd;)yb .)9..»64 odld Cannd S u;l BLl .)9>9.n LSLQL_)»)},L 9 ¥ &5) L LRV M?AA} U"‘ whaui
2z 55 o)y it ol s ygel sy csla S (gol Sl Slamguas (glyls (elacSl 15> i coglisie clalé (gl (la Jgloxe
5 oo oo 288 )18 aalllas 5050 S Wil LiaST 1S (g, p oad S5 Sty 9 Kol Sluoguas o SB gy
6rs5e315) (S10) posigel VIS glyctl L pomasly 5 (AIO) posigs] YIS {AID) iy e (slo Jslox busgs gl L5 posizasl
(6] Jub cs3lpge b Sclopizngl Slyogls | it e 3p2 3 (Sl Syl slacSls ;3 SEM clilan f ol ooty s 503
5 SEM glts pobol 2 ol (6locsls 1o Ly 39l bl e oy lydgil i 3 (iliSmmsl sl SIS 555 5 (oY oS 3ms)) cogiiodl 5
Cals 9 (F)fﬁl"{ 5 F)f YQ//\) )MAAAJ u»)yl; dl)b Sio 9 Alp d)w ).:.)lp..o dl)b LSL&"SB .\M»L:L;o (W9L)9M9o \/M]) LMUKJM»?M &9.:

Alp
Slogas )b glas E Cad 5 L5 (I =2 /AY**) s me 5 Gt (Siad Alo Jlade b Sio yolde (J00) 391 55V youd
o

@l (r = AYHFH) 5938 jaud cuts e gl Hlade Ll LL(+/VY gSTas g o/ Y JBlas) cdl yml58l T slge Jlade il b Sl
9 (Alo; 1 =+/23%%) L adllas 3y90 slacSLS ;5 jhud s ol Cowd & yind Coul yiSas gl ke o iy (gols SB )3 a5 g y5b &
G SLS 5 il Sl jhud Cont e sl dopd Uil b man 1 (Ui b x5 Cute (Siuran (Alo +V5Fe0; 1=+ /AT*?)
ol o oS polie gl 3L YU cdale b slaJglne 5l clans Blo 5 SBoll oyl T, el sty jhud couts gSlas (i gl
Ay 53Laj palie cydly b a cadllas 3)90 (sl Jgur omis] g Lo g 51 &2 S s Jguogil oo s 1y jand 1 (obj polie S

ol oL 1y phd Cas (e 2yt o oy L Byl

0096 & gy (9 pSU gy S Jgmisil (Bgll 2 glS g0y

e ISy D900 e (I g (Jixo 09,5 53 4 Ygase (S
2l g 55558 qialS poiiogll o ml L oS 5 &0 4y 5
95 ol sbolins 1 o i Sldlls (D)) 34 0 013 polic
SBA S gynn plw 4 s YL Cs Sl pginng]]
olas] Caond a2 S1(FV) witan ST 5 00d JSU5 (50 (536
i L Lol sl S 53 (e lapiianwgST )3 39290 jind
(V) sdlie GBLS o33 ) (A 5l S e cnl jl (Sas8
3 S g Jodome 5l jand g9 8" Jl sl ©)lie jind Co
S s GlSgS as oliud glayg clls ol Sk (il
g odd Jolomelh SB (linl b wigy S5 b oS Kigd 0

LV RS

g oS sgamme lIE paie oy yiege ()59l dn yaud

&y 3 yhd ol @lie (V) 39y Sl 4y (55l
5 bl g5l wusl] wSgpun IS5 dw 4 el laclond
235250 i b (LS 5 Canlo 4y diy (YA) s cuslly IS

pole 09,8 Laliwl g il (] i)l assgol ils cad i =Y 5 ¥ )
(Email: mmonajjem@alumni.ut.ac.ir : Jgtuwe sdiw 5 —)
4- Scanning Electron Microscope
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1- Saturation percentage
2- Permanent wilting point
3- Field Capacity
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Table 1- Morphological properties, soil moisture and temperature regimes ,classification and geographical position of the
studied soils
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Pedon Soil moisture
s Classification Vegetation and temperature  Altitude  Latitude Longitude  Slop
regimes
Loamy-skeletal 20-
1 mixed,superactive, Ol g S KIS (S 2000 35.54.250  51.07.300 30
mesic, Typic Xerorthents Astragalus, Crisium Mesic  Xeric
Loamy- skeletal, vulgare,Cannabis, Apiaceae 15-
2 superactive, mesic, 2050 35.54.410 51.07.512 25
Typic Haploxerepts
Ashy, mixed,

3 superactive, frigid, 2900 35.54.120 51.11.722 >70

Typic Haploxerands

Ashy-skeletal,
superactive, frigid,

oragl S OS5 oS
Astragalus, Crisium

4 A .
isotic, Typic vulgare,Cannabis, Thymus
Haploxerands vulgaris
Ashy-skeletal, mixed,
5 superactive, frigid,

Typic Haploxerands

Wet-

Frigid Xeric 2920 35.53.951 51.11.781 >40

2860 3554376  51.10436  >60
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Table 2- Physico-chemical and diagnostic properties of andisols

Pedon 0 g - ~€ L G >
T m =3 Z
number - cebws O o 3 g p g Q @ zo § 4 % ) 5 1z &
@ Thickness 9 0 o 3 < > T 2 F 3 { 2 N
. QD Q o B = 3 c .C T
Horizon < < S0 5w 5 ®
8 .
(cm) <9 5 e
(Cmolcrkg) %) (m?fg) %) gT T ()
Sand Silt clay
Y Jds Loamy skeletal mixed,superactive, mesic, Typic Xerorthents
A1 0-30 0.77 15.59 055 11.11 20.24 3033 1.18 36.71 9.3 14 20.16 32 47.84  0/49
Az 30 - 50 0.80 22.45 046 1296 2246 3152 1.13 55.94 9.6 14 28.16 26 4584 047
Y ddsn Loamy skeletal, superactive, mesic, Typic Haploxerepts
As 0-5 1.30 18.42 0.64 9.08 2108 3521 0.99 57.69 9.3 15 14.16 20 65.84 0.45
Az 5-14 1.24 17.62 055 785 1835 3340 197 59.44 9.5 15 14.16 22 63.84  0.46
Bw 14-25 1.08 15.29 061 858 1589 2453 049 4895 9.7 19 14.16 18 67.84 0.52
C 25 - 80 2.26 18.42 090 736 1616 2849 0.39 6294 9.6 15 8.16 18 73.84 0.40
Y ddsn Ashy, mixed, superactive, frigid, Typic Haploxerands
A 0-18 0.65 20.90 090 2881 3657 56.16 3.16 52.45 9.7 [ORK 35 32.16 40.00 27.84 0.77
Bw: 18-30 0.57 20.56 0.57 2056 36.13 51.92 227 43.71 9.8 40 25.8 18.1 56.1 0.86
Vermiculite
el +
Bw2 30-50 0.50 20.23 0.46 1855 3324 5160 1.68 76.92 9.8 <Smectite 43 29.6 29.7 40.6 0.86
Mlitec.l)
¥ ddsn Ashy-skeletal, superactive, frigid, isotic, Typic Haploxerands
A 0-23 1.65 23.32 115 16.25 2810 40.73 192 78.67 10.3 S 009 55 65.8 22 14.1 1.44
Bw1 23-43 1.46 23.58 1.01 16.37 29.02 4447 0.99 85.66 10.4 - 54 61.8 22 16.1 1.36
vermiculite
llite o1 <
Bw2 43 - 67 1.08 23.84 0.65 1444 2766 3844 0.89 94.41 10.2 cS < 55 51.8 26 22.1 1.49
Smectite
O iy Ashy-skeletal, mixed, superactive, frigid, Typic Haploxerands
A 0-6 0.77 18.58 059 1424 2884 4104 217 69.93 9.7 oSl 26 29.8 46 241 0.84
Bw: 6-12 0.51 16.67 048 1577 2812 4222 212 29.72 9.5 30 24.3 42.8 52.8 11
+Smectite
)
Bw2 12-80 0/47 19.07 041 1648 2894 4120 197 62.94 95 Vermiculite 32 22 37.8 40.1 111
oMl <
HIS < lllite
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Table 3- Pierson s correlation coefficient of soil properties in Entisol ,Inseptisol and Andisol

Clay pHNaF CEC OM SSA PWP Alo Alp Alp/Alo Alo-Alp  Sio Alo/Sio Al+1/2Fe  Pret  Allo
Clay 1
pHNaF  -0.09™ 1
CEC 0.10™ 0.754™ 1
oM 057" -0.16™-0.03™ 1
SSA -0.19"™ 0.791™ 0.720™ -0.27"™ 1
PWP 0.67 0.29™ 0.39™ 0.74™ 004™ 1
Alo 0.25™ 0.82" 0.60" 0.18"™ 0.62™ 0.56 1
Alp 0.58" 0.16™ 0.04™ 0.75" -0.08™ 0.78™ 0.46™ 1
Alp/.Alo 053" -0.37™ -0.27™ 0.76" -0.45™ 0.54" -0.14™ 0.757 1
Alo-Alp 0.13 ™ 0.83™ 0.64™ 0.13™ 0.65” 049" 098" 036™ -0.23"™ 1
Sio 0.17™ 0.83™ 0.58" 0.08™ 0.63™ 043™ 097" 036™ -021™ 097" 1
Alo.Sio  -0.04™ -0.13"™ -0.04™ 0.39™ -0.06™ 0.28™ -0.07™ 0.16™ 0.20™ -0.08"™ -0.24™ 1
Al+1/2Fe 0.16™ 0.79™ 059" 0.13™ 0.63" 042" 093" 034™ -0.20"™ 0.95™ 0.94™ -0.06™ 1
Pret 0.24™ 0.86™ 0.65™ 0.17" 0.66™ 057" 0.99™ 045" -0.15"™ 097" 0.96™ -010™  0.92" 1
Allo 0.10™ 0.85™ 0.66™ 0.08™ 0.70™ 045™ 0.97~ 0.32™ -0.26"™ 0.99” 097" -015™  0.93" 0.97" 1
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Figure 1- Correlation (r : 0.75**) between soil organic matter and sodium pyrophosphate extractable Al in studied soils
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VYPY 205 wile GUgITl 5 ST (glage )il 50 phund ol duylin

YIS L glseil 0B pasegll g oyl sbj polie dgag osimd
L zlyseial JoB gal a8 wlodls b)) e cwined g ol
5 35l 5 () S 5 oyl (1Y) oLSa 5 o5 (1Y)
el len S o)Ll YU Siiod cpl 3939 4 35 (V) o,
a3 o ol g (VF) o) e g b3y Luoyl5 Loy oel sy
Sl e (r=+/Y0)

Ss S gy 5 Colilgeyd )0 Slawd Gl (ool Clallls
Olese 4 (inner-sphere) aslS) sl (0F) o)Ken 5 Ko
2P LKL alwd ik ol clawd Cls jd &S Jols
OH: 45 Wil o (Fe-OH, %5 g Fe-OH %% ) LSy )uum 09,5
(05) 33,5 o 3] SB Jolomo (19,0 4 (,l5Lw OH L 4

0 Jidox

pedon no 5

200 nm EHT = 15.00 kV' Signal A = SE2

Date :7 Sep 2013
WD= 9.8 mm Mag= 80.00 KX Time :10:13:26

200 nm EHT = 15.00 kV Signal A = SE2
—_—

¥ ¥ sladdsn) Jowissl GSB 13 jaud couus (i

BN) (7 JS3) gl cla 35T jnty 2lie 2929 J> 4 (0
5 () Jdg) Jy sl oSS I yitin (culenis)d 5 colss goul
45 S iz S @Bl Ml (V JBg0) Jgm sty
(1) IS5 3 el jgi> &8 Jpcsil oS gl (sl o0
Lol LacSs ) 0w consiyd (g5l (i Cawl iy sl &
pogal VI3 STl ond gl yscinl posimagll (YA 5 Y 5 V) S 0
YL O ey 9 ey o0 55 4 IS portaedll Sl 63 ass
S (ljn pimen )15 L Jouoigbl )3 jhad oS 2> b
ORl38l cges (Rl 8 L addllas 550 (sladidgyy (polod o yaud
o dllle 3550 LacSLS )3 )i b ot Hhde b e
i 5 (F USL3) Alo o (b JS5) Alo +¥5Fe, Lo L Yl
B3l poriagll g ral (slor ST ols oL (8 JS3) (L3l
s (sl o] yolito gl L auglio )3 gy e (slaglSe
LSl ly )3 S S (VU Cots byl S o ol

Date:7 Sep 2013 ZEISY
WD= 9.9 mm Mag= 80.00 KX Time:10:19:04

(YY) (igy (599551 98wy ySuo bawgi () &ia b 9 (Cowly) Sl Judgy (UG 1,3550 31 ol angs 1,595l Y S
Figure 3- Nanographs prepared from Allophanic nanoparticles pedon no 4 (right) and pedon no 5 (left) by SEM
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Introduction: Nanoclays, due to their high specific surface area (SSA) chemical and mechanical stabilities,
and a variety of surface and structural properties are widely applied. Some of their applications are using them as
nano composite polymers, heavy metal ions absorbents, catalysts, photochemical reaction fields, ceramics, paper
fillings and coatings, sensors and biosensors. Nano clays and Clays are the most important components
constructing soil ecosystems. The physical and chemical properties of soils are mainly depending on the type and
amount their clay fraction pertaining to considerable nanoclays. Nano clays have been frequently used to
eliminate environmental contaminants from soil and water. Nano clays have also an effective role in the
phosphate sorption and desorption from soil solution. Phosphate retention is highly affected by the chemical
bonds of the materials, cristalographic properties and pH. In clay size particles there are different structures of
nano particles such as alominosilicates with nano ball and nano tube construction. Soils with andic properties
have amorphous clay minerals such as allophone. Allophane has a diameter of 3 to 5 nano meter under a
transmission electron microscope (TEM) and its atomic Si/Al ratio ranges between 0.5 and 1. Allophane shows
variable charge characteristics and high selectivity for divalent cations, and is highly reactive with phosphate.

Materials and Methods: The objective of this research was to inspect the effect of soil components
particularly clay and nanoclay on the sorption of phosphate. To achieve this goal, we studied the amount of
phosphate sorption by the natural nanoclays. Samples with andic and vitric properties which were previously
formed on volcanic ash in Karaj were chosen in 5 pedons as two Andic ( > 5 percent volcanic glass, > 25
percent P retention, pH NaF > 8.6 and Alo +% Feo > 0.4) and non Andic soils.. After removal of organic
materials, soluble salts, carbonates and iron oxides from the soil, clay fraction was prepared for X-ray diffraction
analyses. The nanoclay fraction was extracted using the method described by Li and Hu (2003). The specific
surface area were determined using EGME method. Different forms of extractable aluminum, including
pyrophosphate (Al,) and ammonium oxalate (Al,) extractable forms, as well as silica extractable by ammonium
oxalate (Si,) were measured. Routine chemical analyses for organic carbon (OC), cation exchange capacity
(CEC) were determined by standard methods. Particle size distribution was determined by the hydrometer
method (after ultrasound dispersion). Allophane percentage was calculated using the formula provided in the
soils under study by Mizota and Van Reeuwijk (1989). Nano particles were inspected using scanning electron
microscope (SEM).

Results and Discussion: The studied soils were classified as Entisols, Andisols and Inceptisols. The results
showed that the bulk of soil mineralogy was consisted of combination of illitic, chloritic, smectite and hydroxy
interlayer minerals. In addition to sesquioxides, the crystallization degree of soil minerals was also important in
phosphate retention. Results of SEM studies of Andisols implied the existence of different types of
aluminosilicate nano particles as nano ball (Allophane), nano tubes (imogolite) and smectitic minerals. Hollow
spherical structure was proposed for allophane. According to the SEM results, nano particles extracted from non
andic soils were dominated by layered silicates (probably montmorillonite). Among physical properties which
are effective on phosphate retention, the shape, size and porosity of the particles can be mentioned, all of which
have impacts on the specific surface area of the particles. Soils with higher amounts of Al, and Si, were
comprised more nanoclay (25,8 g per kg) and higher phosphate retention (%55). Various mechanisms were
suggested by soil scientists for phosphate sorption on allophane (Nanoclays). Some of are ligand interchange,
silicate replacing by phosphate in high phosphate concentration, and replacing phosphate by weak silicon bonds.
There was a positive and significant relation between Si, and Al, amounts (R?= 0,976). The ratio of Al,/Al, in
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andic soils increased by increasing organic material (at least 0,02 and at most 0,11).

Conclusion: Phosphate retention in the studied soils had a significant relation with Al, (R? = 0,991).The
more percentage of nanoclay showed higher phosphate retention thus the highest amount of phosphate retention
was determined in the sample containing highest nanoclays. Nanoclay shows high performance in removal of
phosphate from solutions. Little amounts of nanoclays can remove great amounts of phosphate from solution.
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