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ABSTRACT: Today, wind erosion and the dust caused by it, as an environmental problem, affects not
only the desert regions of Iran, but also the entire country. The beginning of haze crisis in Iran originates in

and gradually reached the central areas. The dust can be caused by various natural and artificial factors.
There are different methods for soil stabilization, such as using windbreak, planting and use of mulch. The

use of new soil stabilization methods, due to reduced environmental impacts, is a suitable alternative for

oil mulch. Soil stabilization by using Nano polymer polylatice creates a uniformly coherent cortex that is  Keywords:

resistant to high wind speed and has less environmental degradation effects. In this research, the soil of the g+ stabilization

Hossein Abad area, near the salt lake of Qom, has been used for wind erosion test to verify the stabilization ind Erosi
Win rosion
with the use of nano polymer polylatice. After passing through a 2 mm sieve, the soils were stabilized with

concentrations of 1, 1.5 and 2 L/m2 of polylatice in trays with dimensions of 80*80*3 cm. These specimens Mulch, Nano Polymer Polylatice

were exposed to wind by three different velocities, including 10, 15 and 20 m/s, during 7 and 30 days and ~ Hossein Abad Qom
their stabilities were analyzed against wind. The concentration of dust of the Hossein Abad area in the 7
and 30-day stabilization decreased by 60 and 50 times at a wind speed of 20 m/s, respectively and as time
passed by after adding mulch, the amount of particles deposited along the channel were also decreased

significantly.

1. INTRODUCTION

Dust is the result of various natural and artificial factors;
but by applying appropriate techniques, timely planning and
preventive measures, it is possible to prevent it from extending
and intensifying. Implemented strategies are generally meant
to stabilize the soil and to control the effective factors in
land degradation. Soil stabilization is done by planting or
additives. Some of these methods which generally prevents
soil erosion and desertification are: planting trees resistant
to hot and dry weather condition, installing living and non-
living windbreaks, stabilization of sand dunes by creating
a green zone or stabilizing the soil using polymers and
petroleum products, such as mulch, but today stabilization
using polymer mulch as a new technique has become more
prominent [1-4]. Researchers have used various mulches for
soil stabilization, including, bio-crust [5], polyacrylamide
[6,7 ], acetate [8], polyethylene [9], Polyvinyl Alcohol [10],
Polyvinyl acetate [11], Methyl Methacrylate [12].

In this study, soil consolidation using this material was
studied considering different conditions, including time
interval, different percentages of polymer concentration and
variable velocities of wind in Hossein Abad of Qom province.

*Corresponding author’s email: ayati_bi@modares.ac.ir

2. ELEMENTS OF THE EXTENDED ABSTRACT

Hossein Abad study area is a large part near the village
of Hossein Abad of Qom, which is limited by the Qom Salt
Lake from east and by city of Qom from west, and affects the
weather of Qom.

Three iron trays with dimensions of 80* 80* 3 cm were
prepared and soil specimens were poured into the trays to
decide the optimal concentration of polylatice. The parameters
of the experiment are shown in Table 1.

Table 1. Parameters and scope of testing

Parameter value
Polylatice Densities (L/m?) 1,1.5&2
Wind Speed (m/s) 20

Time Span (days) 7 & 30
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3. RESULTS AND DISCUSSION
Wind erosion experiment of primary soil

At the beginning of the study, the wind erosion test of
primary soil samples of the Hossein Abad was implemented
to determine the stability threshold against different wind
speed in September of 2017 at an average temperature of 36
OC. According to the results, the primary soil sample lost its
stability against wind at a speed of 5 m/s and concentration of
suspended particles in the air reached to 3.5 mg/m3 (Fig. 1).

Soil wind erosion test after adding mulch
The soil wind erosion test was carried out after 7 and 30

Fig. 1. Wind erosion test of primary soil samples
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Fig. 2. Changes in dust concentration of the stabilized soil
at speed of 20 m/s and different concentrations of stability

polylatice a) 7 days b) 30 days
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days of adding mulch at different concentrations and at 20
m/s. The results are presented in Fig. 2. According to the
results, the particle concentration increased significantly at 1
L/m2 and 20 m/s speed due to the instability of the sample
under these conditions, but with increasing polylatice the
samples increased withstand the wind.

Also, the results of 30 days stabilization of wind erosion
test show that by increasing the amount of polylatice, the
soil stability against high wind speed is increased and the
concentration of suspended particle is decreased.

4. CONCLUSION

To seven days stabilizing, for regions that wind speed
was below 17 m/s. The amount of mulch is needed 1 L/m2.
Also, for regions that the wind speed was below 20 m/s with
considering same soil stabilizing effect of two amount 1.5
and 2 L/m?. The amount 1.5 L/m?* of mulch was chosen as
the optimum amount. To stabilized soil in during 30 days
for regions that speed wind dominated is below 20 m/s
amount of polylatice is 2 L/m?* and for regions that wind
speed is below 10 m/s the amount of polylatice with 1 L/m2
is recommended.

REFERENCES

[1] A. Inbar, M. Ben-Hur, M. Sternberg, M. Lado, Using
polyacrylamide to mitigate post-fire soil erosion, Geoderma, s
239-240 (2014) 107-114.

[2] S. Iyengar, E. Masad, A. Rodriguez, H. Bazzi, D. Little, H.
Hanley, Pavement subgrade stabilization using polymers:
characterization and performance, Journal of Materials in Civil
Engineering, 25 (2013) 472.

[3] S.H. Sadeghi, Z. Hazbavi, H. Younesi, N. Bahramifar, Trade-off
between runoff and sediments from treated erosion plots and
polyacrylamide and acrylamide residues, CATENA, 142 (2016)
213-220.

[4] A.B. Zezin, S.V. Mikheikin, V.B. Rogacheva, M.F. Zansokhova,
A.V. Sybachin, A.A. Yaroslavov, Polymeric stabilizers for
protection of soil and ground against wind and water erosion,
Advances in Colloid and Interface Science, 226 (2015) 17-23.

[5] M. Sweeney, E. McDonald, V. Etyemezian, Quantifying dust
emissions from desert landforms, eastern Mojave Desert, USA,
Geomorphology, 135 (2011) 21-34.

[6] A. Genis, L. Vulfson, J. Ben-Asher, Combating wind erosion
of sandy soils and crop damage in the coastal deserts: Wind
tunnel experiments, Aeolian Research, 9 (2013) 69-73.

[7] K. Yang, Z. Tang, Effectiveness of fly ash and polyacrylamide as
a sand-fixing agent for wind erosion control, Water Air and Soil
Pollution, 223 (2012) 4065-4074.

[8] K.N. Nwankwo, S. United, A. Federal Highway, D. Wisconsin,
Wisconsin, C. Bureau of Highway, S. Pavements, Polyacrylamide
as a soil stabilizer for erosion control, TRID (2001).

[9] A. Corti, S. Muniyasamy, M. Vitali, S. Imam, E. Chiellini,
Oxidation and biodegradation of polyethylene films containing
pro-oxidant additives: Synergistic effects of sunlight exposure,
thermal aging and fungal biodegradation, Polymer Degradation
and Stability, 95 (2010) 1106-1114.

[10] A. Zandieh, S. Yasrobi, Study of factors affecting the
compressive strength of sandy soil stabilized with polymer,
Geotechnical and Geological Engineering, 28 (2010) 139-145.

[11] Z. Song, J. Liu, Y. Bai, J. Wei, D. Li, Q. Wang, Z. Chen, D.
Kanungo, W. Qian, Laboratory and field experiments on



M.M. Bakhshi et al. , Amirkabir J. Civil Eng., 52(12) (2021) 793-796, DOI: 10.22060/ceej.2019.16402.6211

the effect of vinyl acetate polymer-reinforced soil, Applied stabilization of mobile dunefields along a highway in the
Sciences, 9 (2019) 208-215. Taklimakan Desert of China, Journal of Arid Environments,
[12] Z. Han, T. Wang, Z. Dong, Y. Hu, Z. Yao, Chemical 68(2) (2007) 260-270.

HOW TO CITE THIS ARTICLE

M.M. Bakhshi, B. Ayati, H. Ganjidoust, Soil Stabilization by Nano Polymer Polylatice
(CaseStudy: HosseinAbadAreaof Qom Province), AmirkabirJ. CivilEng., 52(12)(2021) 793-796.

DOI: 10.22060/cee}.2019.16402.6211

795






75 g0l (1308 (wikigen g uli

FYFA B YVYY Slio YA Jlo Y o)l BY 0593 S sl lyos cwiiges sl
DOI: 10.22060/ceej.2019.16402.6211

oY s youds 53 31 oolitiwl b S o gy
(18 (5! o s STy i 153590 Axlllae)

" wgd (S e T DT s O i (gogedee

Py u:.:)a oKl 4&.\..;).]4,..7!.0 9 u‘).o.c (WA M)l GM:LM.J)U WL} B
ey S S oKl aw)Ja.:?u 9 u‘]o.c (e PRUEH Y )Lw.o‘b -
oy a3 oSS (s jlaisme g )l jas cwsiige saSiails sliwl T

TR 2B
VWAA-Toe )l o
WWAA- ST 1o 550
WAA= V=2V S pdy

WWAA- A=) 2T il )|

(euadls wlols

sty il

&b

oYk pody 93U
o8 LTy

Ghle ke ety Jare o Sjgon ojspl OF 51 B0 L0 S 5 ool ale b asds
sbiie ans blgh 4y j525 0 o S5y le £9,0 Caslools 18 093 30 o ) jeu8 J5 asly SbLe
8l ol 55 635 e (g Glejygred s WSS H9iS Sy (28 Ce g o8 Sl ed S, il s S el
B SB i gz Al sl by, sl iy estan 5 ornb Gl Lelse b cow JLegs S
Jdo 4 S et (g oy, 5l eolaiul o)l vg2g gl 3l eolaiul g oLS clilS canoly 5l eslaul
rook U Shoslanl b S cos el 285 @l Gl el (3Rl e jlane p s SIS S
Sl g 035 pslie ol Vb s pus il 0 o5 35l 00 S5 & ] Slodnz o @ SISy H28 Y
G205 )3 G Gl bl dilaie SISl Gdizg (pl 50 0500 Canjlae (53, 2 555 (o5
oS Conl 0ud oolitsl LYy yark 5 3 ooliial b SL s sy Sz opd S 4zl o
2 Y g VO Y ke bog yie gile Yk she oslal @ Sl s 0y Lo ¥ SUI 51 (5038 51 e
Lok oy 55 Ah @le 5l m 09, ¥e 5V Sl slaosl jo laaiges (ol Wloadicenss ¥y eyt
oAbl sladigei b (pwyp ok pln 0 T 5yl 5 a8 1B 4l e Ye 5 V0 O lace
iols Cews 5l 053 (gl 4l ye Yo ol Caeyus o GVl mpe e ) ) lade bojg, Yo g Y
b ooadcands sbbaigel j0 dioges Laas 1) 045 (5 lal calisee sloace pu Lol ply 5o asgad ple Ll
4 Somd Sbl e dibie S Legs )T Cild waglh p e Vool c g 5 eV e Y
50 ol puidal O3 jlade g aldle sl B 9 Fe LialS Cud i aege, Ve g Vo Cndd jo dalh S

8l (s Saiy SlS 55 JUS Jsbo

doddo —)

(395 «SBLS) (gdke dlge g 5,y D3 (18, cws l cely oS
ooz Jle sl ® ony ol 0] 058 e (ranly i
SV oo 589 & S gy g JUl iS5 aw (b oS ol
7B sor Lulpd alexr ) it Jelge 25U ol Wl o
STy (o515 g Cdb ) S by Shg (les g o)k b
5 Sealodg 51 65 Jsb cagh; (IS a5 ki) Lol
Sy5 LB (e 9 Lz wgjyslaS i) ol 60,8 5 (QalS

33979 (srmb @l 525 o olamdl )0 e Jelse 5l (S

O xmb @l (et 3 (S Olyear S g sl 98 ]
50 ganld S ol D sjls Gl S35 50 slodws [l
S]] glocanllad 5 anels Jelge alawlgds a5 005 0t Jl>
039 S 55 SIS o ioten 31 S 50b iml $ [Y] 055 s

ayati_bi@modares.ac.ir olslse lsenge oars ™

(Creative Commons License) oo o (Sosis 31 Luilacd o allie oyl .ol 00 0010 1S ol ol8ils ol )Ll ay 126 B g S ot g5 4y el (358>
Auileyd s hittps:/www.creativecommons.org/licenses/by-nc/4.0/legalcode ol 5l uilucd cpl bz gl sl 48,5 )8 Loy o 2 10 BY NG

YYyy


https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

FYFA B YYYY doio YR Jlo VY o)l DY 055 ¢3S pool () yo (suobi 4yl

YD 5 eS G, Old sgime S (YY) o Ses g lsily
) m s Woges St 'NIPEC yarly 5l ooliiad U 1) e s
(ol mls gl aiols alil 1) ool iolw,® iolej] 59, dw
QoS Laas 1) g5 (gylul ol adl 5 e VY Cae e U bndiges
Slawle sloas "CPM youly 5l oslizul L (Y+ 1Y) skl [Y¥]
395 Caaglie 4l 1 yie 1 ey Lol ol j0 a5 B0 Coni |
) Glawke gloas (YY) o) Ken 5 Sie V0] w5 Laas |,
VE e b a8 w05 s US s b ey 5l ool L
oKes g Sbllsme guizs o VPl wog pglie ob sl 5 yie
s sl SLnS50 5 15 5 USI g 2 5l osliial L (YY)
b ol ot Wadiges (g,Lid Caaglin oo 1 o, oSS ol
bS5l 4V 550, VF Sl IS g (b e y0 V10
VY o) g oo go Guios gl [YV] caly ml53l sl
@b Gl Oliee s Sl Jotns (o sorly oske 36 (55, 5
Lo Y SO JSzs b 5o ja0 (6 pouds 00be a5 ols jlis e S
ol Dl o 50 Ol b onds LSid 4V b Luals a5 Coew
Rl ) 4l p e V7 Cep b o0 il 3 Wlgi oo (295
azx 31 o loay o 5 Slados glaools ol 4 IYA] aes
el gt Y (S Conil g ool eolaiul glo ey
Y o) e MLl o 4y Lol asaS e oloul ol ply po
)‘ L‘;")" g,u.bl.@ "L.‘.f ..\.Ma) )‘ Caxslow 9 OO90 )wa).’?uw)
oole 53 9 0092 Ol Lo (£B9) Yk youks Ul ool
b b b Cwsdo ] (g edy ey el 12l LB 5 s
Sk ety U ey 5 oml S ool 4 Sy S8
By el 093 p 8 (2VL 0B Gy Sl gl &S Wl o
b Lo jammiy ol (85, e 4y 098 Lol atsl eV b 4 O
S9don LS (9 ) Sladigy g oddlax Koes jl lage e
S o 5o wlolT S5 4 (a5 0 53l (9o ooy a4
Selialg 2SI 25Ty sboolfylr b oo 38, oY Sl oo
B ol g 9 95k DS sl jo (g Jlad SalS

S5 WIgS e 4 g gn omiVlggS 95 51 STy 5 )0 S oo

1 Non-stoichiometric Inter Polyelectrolyte Complexes
2 Cellulose Polymer Mulch

(52 5 08 gmme (g3l il Sl 51855, (slagbgb (7]
e 505 laania hls 3blie jolsa (Sogll LY G et ||
oolidl 5l e 40,5 slaglish [V] atin o] jglne 3blis 4
oililwedale Sola ala S Sl 5l lnl o p3t o wz o
s plote (L3 alie 3)lge 5 Sloj 0,90 polis g 3lae I3
L 59, V0 ogu> slaz ) AVl lawgie Yeers albdS )0 a5 5, sba

Sga> ol Jlo )0 (g o9y yeS
5 iblis 4y sgame lal vo ,3b Cou dihie Cong Ssd e
bl 4 3l slagle ;o (Jg 09 s 5 Oliwje> lag b
S e R R e R L R e
Glocins 5 ad b gaS Slul VY Lols b s ool oo Slogy

Dl e St g e, Ve

oayy 3l sbo Jlw o [A] adyle 18 easay ol ).,.sl., S o glaie
5 ko 25108 callr 4 Gyt stz g opf bl o e 508
Mg s 050595 soaeliyy 5o LS ad (] 5l el Lo &,
by ealen Bl Slles jo NS 5 soall 5 (Sl 2153l
i 5aS bli S 4 &yzle e il e cglool>
£93g SlglB cp it &5 wes e olias olidss [Ve Al el
Fo) odd eey b Sl @bl )0 i 4 Jlege S gk
59, Ve BV Gy plals g b 3blis ((Jlo j5 59, A0 G

DT calosls &5 (Ul 5 59, F 6 Y) bayl5002 o (Jlo o

Ny (Fohae 5 grmb Wlite Jelse ;56 cow jLegs S

Srytelip cmlio Glagss, xS 54 b olsie bl wl
SrSslr O a5 (3 5l Y Sl pSin 5 el
Jolge J5S 5 S o Cuxr Logos oull 2l slaSal,) L350
(399331 Slga b g ol SlS alewgdy 45 0092 (an) w5 )3 g
5 S (b2 sl eges a5 la ) (nl 5l (S p el 485 )90
53 polie Ol )0 Sl jlas e WS (oo 6T ol 5 20k
0t g 0dd) slapSbol cale «Sis 5 05 (slymgol Ll
LS o 5 s atthaie sl @b 5l Ol Glooes Cus
S 03950l 25 glle aile s sloos g8 o Ln yanly oolil
D] el Son pdas VO] 6ol logdle 5l oslazal L S
IV S g L YT kst b D] ol st b
Iyr] ool St e (Seb ST yeulysS [YY] Slead Loug

Jbe plgieds sl 418 51,8 a9 0590 jldon (9 (g, Oloreas

YYYA



FYFA B YVTY dorio VAR Jlo VY 0yl DY 093 ¢3S paol (o (urbits &y

axlllaos g0 allain 2Ll pior Coige ) JSi
Fig. 1. Geolocation of the study area

S oo LS VYYAY dihie ol colas () JS3) aws
o 31y 5 G Bloli ( SDholye (slasl syl )
azbyo b oyglme Jodo @y el dilaie ol JLégn § 50 o
o adlaie oLLS Bubo g 009 haxd Jln i LS ibg S
Oy e Sz S (28 4 (Bpd g S a0t slacex
Ive] ool dilaze ol

S Slaseis il S5l gyl digas 5l g il o
Ol oxmb mlie 5 (55,5laS Sliios 3550 50 o (abards
Slasie cnl 5l (S p ) Jouz 55285 18 b)) osee Ol
"Sal sy PH 5,58 ol b BC) " (S xSUl colon Jolis
"ot 0l Cawd g (SP) Tush, woys Na o (TNV)
Sl dwge VEVY Lo AQY 4,55 s lailisl Lulul 5 (SAR)
ol sazasl )| [YV] S5 5 T

slayl 4y dg,ls 5l ailaie S dadige gjluosle] cag
ljlade b jled aiges aw 4 0l asy, e gsle ViAo wA-
Jsl sless o ols LSis 1) sald 50 diges S g (Y by el
Lo @ iV roddy U @le Jolowe w4 pgs 5 090
@ piY b oundly ladiged (59, @yeyie 2 S Vg VO ) lade

SIS oley Caz g 00 Jslome Djgon (i Cunl 53

Electrical Conductivity
Total Neutralizing Value
Saturation Percentage
Sodium Adsorption Ratio

AW N =

AAAR

bl 5l Ban Lo cren 4 [VA] Wilzw oo 4 1) S5 5 0
N E PRI R HONE RN TS
o8 ol jo &y Cas i LTy dlate S 6k lime
S sl (oIl Sy jslaieas ol bz lace jus plyy 5o

o 009y L(bé)f).;) )‘ u’d.ol.t

59, g Slgo Y
Sl o o olilae )l Sl a4l
S5 OVVEFNC Liix Job 5 Jles FEIVARTAC
by sliwg WS 0 (g S i cpl ol )3
Sl azlyd 4 G5 5l aS gd o0 ol 1) o8 il e e
B L Cos ]y o8 slea g eadagace o8 el 4 oje Sl g

axllland ygo adbio S5 ol 9 (SO 38 Olakin 1) Jgus

Table 1. Physical and chemical characteristics of the soil of

the study area

slade olesT gy | aly Glasin
NG elslolas | ds/m EC
YIva elsl U5 - pH
VUAA el s / TNV
-7 Fogld ot i Na
VN | el | Sp
FINS Ol i - SAR




FYFA LYYV doio AYAQ Jlo )Y 0)led DY 093 S paol (e puditee 4y s

A N

sals S (gl 03T ¥ IS

Fig. 3. The wind erosion test of primary soil samples
W oliee g 2ol S5 b aw Bl oliske;l ads al 53
ol Cawd 4 doy0 O ST

08 &S e ol (25w g9 51 L Big) ool sk jluacs
u;‘ )l ra\..xf)m as g 08D J.._im.ﬁ u....JLo)T 9 ‘_g)..fo)‘..bl 9 (oo
P @b 5 o STy Gl wsrse slals g9 4 s b
obid oolaiwl o550 oL Jigi calizrs gl yidu ¥ SS )0 aingy g5

Sl 00l

asdl g b -Y
ol S ol Ligloyd gesl ¥

el S aised ol Glaled sl (i sl )
Ay 5o Gl alinl e Sz (o538l olse disSman (j30)
15 dals S aiged quls gab o bl ol dilizes claces
Slade g ols cawss jlab ply ol 0e5 (g laul 4l 5 e & S yu
US8) Sy xSy g S oo VIO @ g o lae 3 cilale
(Y

plxil 00guzmo g b piolyly ¥ Jgur
Table 2. Parameters and scope of testing

ool ploxil 03guze by
Y gV oYy calize e
Yo g0 (M/s) ok cas s
A (day) sbe; 3t

e b J) sl Yo alold o (ol Bl 51 otk
Sz (59938 oole AigSad e s wald diged .l colaiul
Slplas,e an iolesl ol ey ply 5o ol Canglie (5,505l
O slace i Lok by orme p0 aBBs B oo 4 ladiges
Casella guow Le 3l oolainl b g a8 518 asl 5 2 Ve 510
Al (6 S ol basges mhaw leadlas S &l jlaae AA-nm
'NAAQS o, Jailiw! 51 oolazwl b 50 axe lga coanS (Y Jgu2)
Rl b 0l s PM g PM | l)d cdale (5565l g
ci g A PM g PML SIS sl Sl cdale piSTas o il
ohd cdale [¥v] asl o caSeyie p p,Se,Sue V00 5 YO
i e leolaul b S maw 5l eallas PM sPM_
Oezed 10D (6 S olul a il 0 Sy slaosl ;o 4%+ --HT
VT AeVEe oA Jol b gl s ol i s 0
ool )13 S mhaw 3l saslom O3 (5 5laen cax e sile
o g5l mezr S ool Grale b (gejl el Sl gy 5 i
JB ass asals 39 KIABLY « « o515 5l eolainl b o g J51o

1 National Ambient Air Quality Standards
2 Particulate Matter

(0L Jig¥) oolawld ya0 gl b:Y i
Fig. 2. Used pilot (Wind tunnel)

YYE.



FYEA LYYV docio A¥AQ Jlo VY 0)loud @Y 0593 ¢S ool (5l pos suokito & pis

02
9 016 —8— | L/m2
: 1.5 L/m2
\ @2 [./m2
\2‘ 0/12
o
9
2 0/08
o
£
& 0/04
\E/ .\\
0 o—.
0 1 2 3 4 5 6
(min) ,k;
(&
0/2
—f— | [./m2
. 0/16 1.5 L/m2
. —e—2 L/m2
A\
\2‘ 0/12
o
9
S 0/08
~
£
oh 0/04
\E/ .\‘\
0 o———=0 |
0 1 2 3 4 5 6
(min) b;
(C))
0/2
% 0/16
“ —a— 1 L/m2
B 012 1.5 L/m2
—34 —o—2 L/m2
Fe 0/08
£
)
g 0/04
0
0 1 2 3 4 5 6
min) ;lo;
@

Yo m/s(z V0 m/s(c Ve M/S(WI ol bz G juw 5 039, ¥ subandi S Lo 8 clalé Ol puis F Ui
Fig. 4. 7-day stabilized soil dust concentration variations at different wind speeds a) 10 m/s b) 15 m/s ¢) 20 m/s

bl f sla S o o] mls a5 cé,8 &0 ob Jigs 5l ool 039, ¥ oddiais S g0l iolw,d fygey] Y=Y
Lol oabasl)l = F 30959, Y G 4o 0L gl 5l G adhis slaSE aiges
Slosliwl &g 4o wals S iolesl g @l F S 4 a5 L 3 gebs a2 5 YO slod 1 Kleo L YYAZ 0l o olo Lol

ot bl 5 S ol eVl pniie ) Lol il el T 5 45,5 )18 ST sls 5 yme

¥Yey



FYFA LYYV doio AYAQ Jlo )Y 0)led DY 093 S paol (e puditee 4y s

o o..\.if.»éjb‘c

51 eoliiwl &g 0 wals S byl g il £ s Gub
byl 0 S ilnl e yie p d Y jlade b sV L @l
Q"‘ Lol eo)lo (5)41).'" w‘)ﬁ‘jow.‘aﬁkt\ﬂbﬁr&\‘ u.C).u:Li
Cewd 5ol ol j0 1y 055 Cuaglie dsl 5 e VO S yus [0 diges
oY b mpeye g d Vol oolainl Ghge j rizren osls
ke 17 A VIO 5 sals SB a4 cas Blre ld cdale
A oo lid |y gl Fr dgas nalS A4S du e oS o

By pd VO ol S gl © F S illas
6)LAJL\ 4.:.'[.’).:)».0\" 9 VO N u&).«.ul.mbla ).a‘)a ) WY(;..
N0 G asl p e Ve Gy jo OIS cdalé g o050 aax> | 055
e 03 6ol dged cal 5o (rlply ) coSe e p oS e
YO ceals 5o ol)d cdale g ool plp T oals S 4y cos ol
] 4.’2.::‘&‘5).3‘).3

Vsl @pnin st ) ¥ olyan S g ¢ 8 S o
CA.CJM)OQI):)CAI&L&joéy‘Aju&MGLbC&ﬂLgébﬁ‘ﬁ)o
YO 1als oS o0 caaSiayio p oS hoo o) 4l 2o Ve
S 3 ol 10 Aiged 1l (6l yuioren om0 LiS ) 0l

a2 oo lid 0je, Vo s jo ool iula 8 Qyﬂ =L
Yoo o Lol ply 0 S gyll (Y b jlaie 2ol58l L
Oered tuly oo malS 30 Glae IS cdalé g 0o STany )8l
g a8y om ol @b S Sl b Gl ol by cladSL
g oo Lad diged 5 )luk

Ol o3ey Yo s Vot o (ol Glaluod (903 (slojloged
CdS g yeuds cpl loolaial jlade b olyd clale  pals S o
s alay o e ol L5 e el 5L e Lo
V o 50 ool Giale s ailbin] caepn dajloges cpl gbs w0)ls
sliwly 5o sanlicmsd bl w0 4l 5 e Yo a0y, ¥e g
Sheolaial b oyl aib oo (Y1) LSe35 Lo ye; wldlas
il e Vo b ool Grabeyp sl ey (3L @le Sl 5,

5 auel byST b s oole ol cpmimmen f[YY] il il 81

1  Microbial-Induced Carbonate Precipitation

o e . ~ J |
e g 330395 ¥ iV ol b oicands S 5ylul pus b JSb
Al yio VY 0L

Fig. 5. Instability of stabilized soil

ol ¥ il g (o ylauly g oniilai adl py 2e V0 o )¢
il p e VWY e o Slaslie olul 5 diged cpl Ll w)ls
O JSs o as (7 F JS0) oo caws jlal ply jo 1) 995 Canglin
Grre g ) lesliiul &jgo 0 izmen gh oo odalie
AN 4 YD Gl sels S 4 o Blae OIS cale (s
3o Gl Rl OB T Lals oS sy oo oo fie o5 e
2 Y V0 sbolie 3z g0 F S 4 arg L
5 e JLegs S clale jloges sV ek 6U mpe e
ol e g alils palie (L8 asl 5 e Ve 5 VO Vel
oaipsLis a5 dged Jaax ol plp 0 1) 355 Ceaglie S Ll il
sl S ol 5 canSoyin 1 yid VO 5 ¥ e Ly Ll
Gl olyd cdale g anils plp F oldl ol ply 0 S Cwglie
oy xSl g1 oS (e 1V @ IO Sl el S 4 cons
Ao oo sl ) g plp YO ials g
forra 7 ) ke s Sl Sl ¥ USS b gk
My (Rl gwgime jsbar il jte Ve Cop 5 YL
b Lol sl Lyl opl o Kiged )l pas 5l 36 a5 w5

e Gl s 5o Wsisad 6y eVl ke ol

039, Y. oMu.....u S LS‘JL' u«.uL..u)S 05"’)—‘ Y-y
2959, Ve Sowa b gl sl e ddlate oSS diges
e 3 s 42,3 VY (glas uSiles L VFAF ol 0
hoolaiwl b (ool Siolwd iolesl 15l g 48,5 1,8 0151 glen
P LA F Gl S o ol s asbl jo 4 a8 )5 & e b fig

yrey



FYEA LYYV docio A¥AQ Jlo VY 0)loud @Y 0593 ¢S ool (5l pos suokito & pis

0/3
. - L/m?
% 0/25 1.5 L/m?
: 2 Lim?
)
9. 0/15
rfg 0/1
%'0 0/05 e "
0
0 1 2 3 4 5 6 7
(min) b;
(AN
0/3
‘ —-—1 L/
% 0/25 1.5 L/m?
‘ 2 L/m?
\
o
3& 0/15 ”__.__./-/.
gb 0/1
g
0/05
0
0 1 2 3 4 5 6 7
(min) .\;
(<)
0/3
- L/m’
% 025 1.5 L/m?
; 2 Lim?
0/2
A\
>
- 0/15
—24 0/1
£ 005
on
E o
0 1 2 3 4 5 6 7
min) ;L;
@

Yo m/s(z V0 mM/s(o Ve M/S (W ol dalizo s w50 039, T cobiansd S Lo ) Clilé Ol pudi £ SO
Fig. 6. 30-day stabilized soil dust concentration variations at different wind speeds a) 10 m/s b) 15 m/s c) 20 m/s

oY b oy 0 S (b il b Abisl ey ol38l el
3,5 3y JoSis dxiie S (WWAY) ldeme Gaiiod [0 04 o
Al 5 e YV U aS Woged Gl w9 Sl gdlo loolatnl

IYF] el aalisl ool Liolo 3 ailin] cepu

yyey

S 098 0 okl 5 S gylnl Sl el ol g
FeaS g ael ST oy 5l oslinad LYY Jlo ,o S5 g
2 e VF U ol ialo s aibin] cae o a5 widges Cunis gob
S Conls Sz o) 3 S o 31 ooliial Lol [VA] o) 4l



FYFA B YYYY doio YR Jlo VY o)l DY 055 ¢3S pool () yo (suobi 4yl

SE mlaw jloadilas Ol)d (9565 .0 Jgus
Table 5. Weighing of particles separated from soil surface

(p5) e ©l,3 olojide
P o | pgS (G | Jgl (P | S
vEIYS 8/ VYIS0 sl
¥y VIO 05, V
- IYO VYA o3,

Grre N0 5 Y sl eslial gy F Jgaa b
a5l S Bl ol )3 clale ol e slace pu jo Y
ey p eV lake b S cents Ojgo jo Ll ooy Sl
Ol B gz mls ogdios jlre v 5l i lae )8 cilale
oo ialdl lsa o glae olyd clale by cundSL wes o
el ol ra> S Saiz g0l

Vlees pley Gl b aws oo plis F 5 ¥ slaJguz s
Gl D)3 cdale (Y b ke Gl L (rizmen 5 59, T @
sdal s 4 bl o)l zalS Wiy, s S zhw 5l saslas
Jho o oL Ken g Wgiws Gubios 5l sdwlcwssa =l L bl
s Cug du0,0 ¥ Sl 519500 Gubizd [0 il o (VYY)
il rels ol)d cdale wle Jlade iol38l L as” a solawl S
reS TPV 4 ol clale gaoome 4l o e V) ol ey jo g
Ivol s cuSe e

S oo 5l oadlos B3 565 9 6 glaes -Y-0

aox D3 ool laled lagialesl 5 plaS e el 1 ey
ool 00 ld5l )1 0 Jgaz 10 a5 W0l (39 jud (G S35 00l

S Slade « 8L @le ploy CB3SL B Jgur 4 4y b
SU e il b opaizman il ialS S mha jl enblax
$lS 5 b g J310 00l max D3 e (Y Ly ey
sl il oss s o 4 5 dilate ST Elakie Gl o
(S el eyl digel Sl by alold 4z e laube
sdsliewsds mls B Jgaz axg5 bl co (alS 55 S )3
(WYAF) ee 5 (Blowwl bz 5l saslowsd mls alie

sladale b ool SLST Ll e53e Gudzs o0 0l oo

039y ¥ Cau o PM]0 9 PMZ_5 Olyd el (oKl Y Jgo
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