A} VEv e Sl T blad omo il Ao edige lid s bt

) S SO (Sl 9 (93 (ol gl 9 Jg S 1

PEUY PYRC P RN SUCI It PPN -y | {1 |
ST 9 g LT cwaigen 0uSilS oy o olEils

290N 1y )6 A YIYS il o

US>

Ol e b oy S S (S 5 (Sused Pl oyl 5 oyl 0ut¥T g5 50 1 Gegsy al
S92l 5 GasmeSS Canglio (oS8 il 055 051 oS T sgum Slialejl (285 15 ) 9550 (CL)
255 9590 00T s0le 90 5l (o ,3 Y g 10 ) ¢) 55LsS (slodo,o b ol 009l g sanls cll> j0 S 5l sladiges
03501 5 (reb S sladisad 9, SEM) (sug; (58| ogms Son slopmSe cnl popdle 2dpdy &9 (368
Sy malS py57 oy 5 53T g0 ¢ JguedS 505381 b aS wisls ylid gl ab plal coas ol Sole g0 b s
0998l (S il oo Rl g SRl o 5 A A Cush) g ity S e 92ly 09 ol (o515 sle il
£y oy 9. S T g0 aS (gla3eS as olo L 1y Jg paedS 09381 5 (U 0l sloul &l s BMS- S a4y (gl
31l 5 oo olonl Ol sy (pl aS auzdly ial58l e Cosb, 5 GelS At Sis pae axly 39 e g Gl
b oo 0091 S5 ((6,05b audybs) )T oo g g Cunglita a5 wols Lis gl cpl  ogde .iogr 0a¥T Bole (559 o yo
039y yidew JgyuedS sol> oS jo rals plas ansly sials Wy, (S o b Gl 4 Cand 00lo g0 2
oaY1 ao,s 5l Jatew (Cs) pye8 &lis 9 (Co) (So,u8 Slas polie a5 wsls (lis 35 @S0 QL{L&L&)’—‘ s el
S Sl g (Sojud sl Sy 50 oo ol sauYT g0 5l 56 &l s oS ols lis SEM ol cyaizmed .aiib oo

Al ged HesS ooliiul 5,90 S slo Sy L] by el S lazsle s oad sl &l s ) b

02555 ] oo 16570 SS Canglia 3T 0,57 o5 5T Sgam ¢ )T s Bu YT 1 gudS slaojlg

dodo
Sl Wlgin ey 098 g0 gmime (damacon ) oo Jlos 5| (285 ()5 5,008 e Ay 4 S Soyl]
13 e 6lad 1o b ceul (Soe S 315 0 00T slge il axils pio Sw; Lules o S dsa o 5 Sgm
et 5o 0V Slge sl i S sog8 sams LSis old ST Wsd S o3 i b 5 0, L8 S
S Sy rlple wileioe Joo Gide S aiilos 5 255 0 )18 O3 (55) ploaY Sjge 4 SRl kg SIS
Camol S g5 o g ol S LI L T blite Joe g oaisSengll gle cuiS ol 5 bl ooyl oS5

IvT T sl S 1 (ol g Jnme Loyl as 00Vl olge b S5 STy

Afsari.e@alumni.ut.ac.ir J stes sdes 5"



Ve b ¥ el el o tige ol ey Yy

S 5ol § 0 =) ST 00g0me (51l a5 Cepnlus el a4y casls VAAY L o [¥] il
g ol V= /) Bogazma 4o dwle g i sl Ll ol Jlade S B me wanl so¥T Blge b S5 3 Jliie Jes
Sob ahyd g hls o a4y awy S« j0lie bagame (ol sl +/F =/ bogaze 10 (owy SS L (sl p
by aums e las 93 5l Slails sS4y Cond 0o ¥T slge b 1y 2STy o s «l,5 o) 859 law
il go IS p3b ) Sl (SlSe 5 (S35 sla Sy » 0o YT olye

Ol ydd ol a5 SlgS 0 Wb oo s s S @ s 85 ST 0lge b oo o0gl] slaS 5 5T sga
ooyl 51 IRL 2 Lsls oF cre 58 5 [O] 1) Se o7 ol laay puol [F] S5 gTLIS .5l 0ais¥T 5 S g5 a0 Kins
S S glp mels lade ol 9wl oo (2ol 00 VT 4 suls 0ogd] S g, o> 45 Woges (5,5 amis 045
oSl ol jals o5 winges )18 VIV paly ff 0101 00t ¥T mole o, 2SI ol ) (St i
Dgbise o G a3Le 5 sy 9> LalS cge canVT g aoje (il

s cis s laas s b oadossl] aule sladiges 53, o515 lislel sl 51 [A] ol Kan o Aais ]l
St o> axly (59 ormb S 4 Cad (1F 5 7Y 0905) sanV 51 oS slaas o 10 45 Wdged (6 S
51 S lioe 1alS ean VT s s (Bl L Sld al (S5 wbioe (Rl A Cash; 5 Rl At
o oolitul H53ge g, b oo 03gll CL § CH S 5l sladiges 55, 1, o lailinl o515 lagley [A] ol S
oz 9ly 59 bl Coge 00,53 0oV 89381 A4S Wi, a4 LT ssls il (95 TsS (slaaus o b

5bige Aty Sashey il 5 ity S

095 slaiagi ;o Y] ol Kaa o' uileal o V] Jicss §' jge [ Ve ] M s jlo o) o 51 Sl Simg
Oygo Ll Caglie 1o S1ass a5 Woged (6 S amis (b5 0,5 5,000 dlge 4 00gl] glaule oS 5,50 40
S 5 lge 5 03g)T (slails SlaSE Conglie a5 winges 3,155 [VE] VW 2l ¢ )l laay puol (S 20 5 o

BNy 4505 (| s g Wdges 185 Slgo 4 03g)T (lanls GBS 1S diges (53, (5 ppmndnr Slinle;T plowil 4y aladl [A]

' Fang

" Kaya

" Sridharan
¢ Foreman
* Daniel
*Olgun

" Yildiz

* Al-Sanad
* Singh

" Ladd

" Martin
'" Moore
" Mitchell
'* Evans

'* Rao



\m\g Vi ol ¥ sl el Al ¢ bt s &

S D] MogKe §',5ls1, ol oo LalS a0 ¥ ojlail 4 009l é sladiges b anglic ;o LT STSlasl &sl; a5
Oriz B9y Jg S @ 0091 4 0L 5 05 ol ped ot b oy S ladises 55, 659705 slaiale)]
Slasle;l 51 55 [ o)Ken 5 St il oo 2015 (T &2 JgpmnsdS (59381 b S Caanglie 45 2idg05 (5 5 amsts
oslie glo ol 1alS g (ySg 0 slroaiiSoogll og3El aS aidl o ) S ladigel 55, 355
sy SB sladigas (55, 1) goanie (5505 5 e o lialej] [VF] (San 5 755 s 290 00 S5
Uil Crge sl saniSeag] S aS wisges (5 mSams g sl alxmil LSe35 65LsS slavs,s 4 oagll
& y97meds SlislesT ploul b VY] o)) Kan oF 5 sl 098 oo S toglie gy Slasl aygly juals §  Soiows
oogdl S J5ls SSlaol &5l a5 wiad Jib 4o cpl 0 Jgibl b 5 Jg ynddS @ 03901 (oan) S5 diged 5 (59,
5 VUL Jod 5l % tgsy ool ol e 5 oan VT g5 5 (onl Gl cal 5 wWhioe Gali8l ool 8 @
Sb Sl olgs 11y als e g Jesl8 IV -] oLKen 5 Sbas g DAl g i s ) DA S
Cov S plys a5 Wisges (g Sz Ll Laisls 1,3 o O 1y slawle S SO Sl Jgoe g (o)

S o S abogy e (slo Tl 5 00 o 51,8 laoan¥T l S8

LS alie (203 0)S5,000 dlse 4 039l GlaTl L3, 5 la Fhg 4 wed oo (LS d97 50 lie (o) 2

ey ol lie 4 sl 5o dgmge 0V Jl ISl S jse 0 S ol 5l eoliiul abl e b
ol (b 5l el p Ol Slee slaojgyn 5o wsis g |) armetn ) Pluws 5 5 2Bl ndy Sl
Sl ol ogmg a0 Lol Ho cis 5auay 6,0 o0 o yo 8l Kl &S 5 dlge 6,33 slaoslu laebl o o
ooliul ;35 yale s o plowl L3 slo o oyl Casd 4 S ol olys 51 35 bt o5 wylei oo
w00 YT olga 51 e ima ool o ble S aglio slo el s LT il g laoan¥T ciliss (gl Jslxs ;|
s S aaglin LT 51 ogde 5 ab ool ST g 5loosgl] cug cilien slans,s o Lalls & g0
@l Caols b ) S ised S sl s 5 06558 100815 Slo el «sop8 Jemily o5 25T 090

L8)5 58 gy g addllae 0,50 (CL) (10l

gy 9 Olgo
g g0 A1 ksl Slasin 4 ;0 a5 il oo gl 5 Jo S (S Gaion () 5o colaiul 9,90 Slge
Sk
ool e HEaSags 5l S 5l et obnl S .8 5 )15 ool 890 (o) ST o o iyl IS ol o
Cialey] ol g 00l ags (5, 7,5 SLbLI 5l eSie S w05 yual dawgs ot ools Sledlbl lalyy .0l
5 Clew 1O canle TNONY hls S5 cpl a8 ols yLas ASTM-DA22 s sl b gillae S5 ol goasls

Lg)jo)‘d."/v‘ 5/*\ VAR ).g‘).g w).:au] ng.uo.} yujdww‘@lbwwwl u»)/YA/f

' Ratnaweera
" Meegoda

" Khosravi

¢ Estabragh



Ve b ¥ el el o tige ol ey ¢

Oieles] i wd samaib (5 glyeed Cools b o)) CL g5 5l Sl M oyliadsy gonail gilhae 0o
g WWIEKN/ME Jolee ol 5 a0 )] dige Cugh, g diin Sid o axly 059 a5 ols olis 5 o, lailiewl o515
lle a5 0l arwle TAE Jolae S (ol saisg mSoslail 5T o965 duoyo Jlade 508 (g9 5l il oo LVNY
33 SB cpl oads (6,50l gliond Slasein uimas ol 05 oy95 Jowil b S VY] TS sonails

Lol 0 oo)sT ) Jgo=

ooliiwl 050 S o b Wlasine N Jgo

Sladio dasiine
N¥ PH ez gl
£IfY dS/m) EC .Sy sl culon
YYIA (meg/L) Na*
\Ad (meg/L)y K*
VYA (meg/L) Ca*?
VOIY (meg/L)y Mg*?
YYIA (meg/L) CI
meg/L) CO32
i (meg/L) HCO5?
YO (meg/L) SO,

OFwl 9 Jg yulS
0 08,8 Djgo 4y Jy S 0 ooliul SB i3l eogll glp gl 5 JgpmedS 5l sdagh S5 cnl o
Bl e ol san gb Slge adsi g (g5lwg,ls ol j5 ol sae 3,5 0 15 o 18 oolainl 0550 olend Bl
oole cpload 53 o Shgaazgi bcasl Ol & S YU Czgil § ga At ol 5o Pdlowl coild ¢ Jg S
S g 5 shiie gle dlml sy e o Wl o (alpl ms las 1Sly S L wilg e Sl @
W glio 00l O 5o YU Hles Ploul bl a5 el JTs0be gl [V0] szl ol)d 0 las jo ey
Mg 5 G g Sk slaall; jo oole (nl (B 51le 9 S (Stdly 5 (6 pedy Slge sl Pl G g

WS 3gas S 0 wilgs oo gl el Staio Livs (11 95 o Cons jlanzme 9,15 a5 Sgiwl jiie [YY] 058
siblin ) Ysase i il wolisiul 5,90 80T 51 (6,500 ole plyie 4 amats )3 238 1 0T slaFs 55 9
585 b b,b 5l el 5l Slse ol 4 g o] S Sogll Jloisl ol sg2g T Slge ol b bass jo qulio oS
lols cll> 2 0000 009l S sl Soe i B yan oo 0 g oo 5l olge ol JWal cp jo laSol>
Slse ol (53955 Syas Sign 5 2 5 ol 1 B ooVl cul 4y esgll S (S 5 (Saseb olst
d> 0 .08 g )l 5 (Yekta Chemical Complex) LS o leords moizrs 5l (Gginl 9 Jg pmedd) 00l Gl gl

15 LT lond 5 (Sujed Slaseiin (58 he sariSudsy 5l oad 331 oMbl ol ol 1AA 51 Lt LT ol

'Unified Soil Classification System(USCU)
" McKeen



Yo Vi ol ¥ sl el Al ¢ bt s &

) J51.7u )BSM 0‘5.9 O eolaw! ua.ll.’> ug...w‘ 9 J?)‘“““K )| LS..M.Qj).) )15 U”‘ 5o Gl 00l 00l ul.ma (Y) Jsd}
@ ol b ol ol daslie g S L Ll bl Joo 51 2306 oo bl slo S5y owyp ool plo o)l g0l

Db o 3 el aenl (A+) S xSUles ol glls a8 sdie wlo lgie

gl 9 Jg ymdlS (o3 looadd 9 (SO 38 Slasdin ¥ Jguor

oyl Jgpuals’ Olaseio
(CH;).CO C3Hs(OH)s tloond Jgo59
-0 b -2y VYA ©Cy g0 Alaki
NG Yq.- (°C)Ja,.~,>5.h.ﬁs
oo el ol cedl> o o culdl>
ey VEYY (Pas) (s il,5) )
Al VI (Y0°C lod 1) S sl g0 <ol

3T (sloaiges Gt
555 5 (CBR) Sl gisms 15,5705 Conslio «ny55 Jomily 08155 oS 3T 0900 ol (355155 il
Ol 5 (0o)3 Yo g 10 01 +) JgyaedS b oo 039)T S g o S 5l olbdiges (59, ASTM o sl gllas
i J8anYT slge 4 oaioagll S a5 agei ylo [VF] 1) 5em § LogSin 28,5 &g (Mo, Yo g VO ) )
(S Vb o amgh IS ol o anl 39 UYL o] (Sogdl oy aS 0gd o 5 oyl S Sl
Ages Sl Sl ol plil slo tolej] wlul 00,5 oy diges Sl s )] Gl e a5 wl Gl Y
olsie 4 Y Gl by 0923 pdg ISl gl 1o 0L 5 (6 ymes Ll slml 5 (s (b, e @y STVl Gt b
10 51 slaso,s (S sla Fis b JypdS 00)d Sl gy sl 5 00 48,5 S5 s (Sogll (Vb oo
Sz S p SokS # sgum il ol sloao,s b el b s pmedS 4 05T S 8g5 gl ol 43,5 L o 5
Sedly BS (535 )0 0351 S Ligad 18 s 05 bglive caiy ¥l olge jloas Sl g5 slavo,o b g 4
Joe a5 ol Sy oy DN w65l p3Y oleowds sla 2Ty plosl cqa atin o e 4 (slodds Sgdumne
PSS S A 9 0o B 5l SRS ekr Swz okl et )b S e (gl 5 S LM
Sze il 695 Sl 5 0515 « Sl ogam sl pletalojl e (nl Gad (s ) 1 SEdy S50
b SB sl aigai c3lo 4 gl 0S8 5 Conglie a5 iy (e Slialej] plosl gz 28l
oolil olStslosl ;5 o%ag (SlacdlB 51 55 000 slaaigad dgs sl Cowl (sl b 5 JglS b 0ss 028)T S5
B Bllae Bds T (oo (25u lasl o 00 JoS25 i s 5l 55 5 050 il (sl aigd dgg B o
diged dgd B el oas Lo [YVF] o Kan o 5wl Loy oo ai8 LB Sl a5 ail oo muSos olKiws
4 009 yuoishee Voo gyl g e oo B0 5l lils (T (Sl i oS o LSaS (i a3l 5 (Seslie sla
S Ly b S 5l olaaiges H55de slacdl o [YA] ol oais ol slul sl1s solitul 8 90 diges 45 (s b
Sty b (55700 (68 olfisd Sy Aoy & Y a3 (Sl (ST (g, gl b g S pelS 4 osonyl]
03,1 ,b 5 00gr 3 lsbinl o515 LialesT ) Lol Ay Cugbs, i 5,50 (slodiges Cusbs, .03 g3 V/O mm/min
g ol LT 1o abgy e o515 ovie | Jols dicing i o axly (39 45 b Jleel sysb Y 2 4



Ve b ¥ el el o tige ol ey A\

9 Fosibo Y elis )l g yie koo VO jld (6l )ls 1S 5 )05 ialosl (sl (398 by 4 o angs sladiges cnlpliy
gy yracea Voo gl g e dee 00 4B (gl (6 )57e S (talojl sladiges

oele3l (bs)

ASTM o, luibisl Gillas Gimgsy (ol 39 (058 5 (50095 ey o515 oS T 950 Slais 50 slastales] als

o bawgs Y mm/MIn ce g b b Jleel b Llais g0 diges Canglio Crumnd (559505 Slinlej] 5o o plol
ol Sl S psS 5 g 0ol Jlesl (6o e 5 5,1 ol jo . Cdndy Djgo diged (6T L ol
o3 g b ialesl jo .l dslol diges JolS (SBend B Giolejl plowl 5 o cud 5 281,38 pgloe ol 4 diges 1o
8l (tal8 A g wiged &gl gl hi )T 50 a5 o s (%) X100 dbal) 5l by 2 53 G) py55 ways Oliee
Sy (U dae 44 S Hlade a5 il aslsl Sl U lndiges (59, N PSTY inlesl el calisea Sy Jolsd o diges
aiges ;0 Jloy b ;S0 0uSow a5 o ools aslol Sloj b iolesl 8,50 (sladiges (55, (6,105 b quusos Slinle;l jo
ool Sy ek S laiges (53, 555 T Gialef] o ol s ol s T 51 o 5 955 ol
ke dbghi S sioeia (53, 5l et b plzl ASTM o Jastics] ubusl il (glado 3 b (ygie 5 gyl

08,5 8 oolatwl 5,90 Ll oo S8 dwlire (0 A5 Ol Crnd e Jue O 5 VIO 331l 4 s S5 gl p3Y

Joyead®) 8029 53 55 sl |y (G yees (235 5 s o Slsy 92) ST g0 lagialesl mls (1) U
3 JorlS (599380 sl dgpiie JS (nl 50 &5 Hob les wad oo LS (5L (Sh9 slade;s 55 (Gl g
JoreadS 1Y+ 539381 Jlio j5bo @ 13950 (sl S ) Cond Sl 350 (20l Crge (55LsT slaao
ol sl o s ST &y s (6 yma LD 10 g (6 a a> LTAN c Sy, o LFY/A palS g
ol crge gl (9938l 45 (55b @y eols L T ead ok s Se (gl b Al LS S by e
Y Gl & Cad 5 4 (g a3l 5 (G 0> (s, ax polie fygiwl 1Y o Mo Gl 00y 5 5T Sg0
lier Rl b S cd wxly P g P

v AL uB ) Ay s
70 i B SR g s 2

@ (L A ek miis

60« K (Al
e {2 A S 5 ek e —_—
A 50 = (M S et it X — -
o —_———
a
e
bl
N
)
S

ol § Jg S 505 YT 5000 95 (y85UoF couo yo b S 5y 5T Sgu geylis ) S50



v Vi ol ¥ sl el Al ¢ bt s &

535 o, b esgll S 5 uilinl oST5 slo simie olyad 4y samb S 5 lailin] o515 slo e
Jo S e Gralidl b U5 ol (sl yy el 0 03,5 (V) US55 (sl 5 g paelS (slooaiy¥T (355LsS
S 4y Jg S 509381 L )00 &le 4y .l 005 oy Jil ol S (oYL g i G 4 (ST Svie
e 2l ca S @ gl ogil ol sl alS ange Cash) 5 Gl S SiS e a2l g
Seden (At Sagb) Gl g S SUS o w2y 59 elS) (ormb S ol g Sl S 4 (oS5
(V) JS2) abgryo (o515 slasiovie 5l (A Cagh) 9 iy Si3 o2 02y (59) 0515 slo )y (rizpen
0315 5Lis () (@YY sla s o il 5 JspesdS (555655 (slaos,s b alol> mls &l i 5 25l
33 Jle olgie 4 ol Sglite SIS b ol b ol oa¥T 90 ol 31 0uS o omlice a5 aiF les ol o
(b SNV KNIM? 5l iy poe 92lg (39 9 1A 4 (o S TVAIY 5l acgs Cosby Jg S 7Y -
W el )l ol il so 701 1081+ ¥ Jolas a3 4y o] ialydl 5 2lS s ys oS asdly ss VA/D KN/M3 4
i3 VEIE KNMB 5 /¥ <10 5 \VIO KN/MBs LAAIEO ol a5 & gl 1Y+ g)+ b asdly LMl S ol
5o gl b 5 g malS 0oy iy 3958 (1) (sla JS8) ol 359 Lo IS0 (il 1o o 555 los sy oo

5 on At Sush) 5 it S 5Ty g seolie 5 (8 ey i

19,00

e Sl
1850 \ s 104
181
o s lS 204,

107

ST 1.7
45207

B gt )
1750 oS,
) o

1700 X

S
1650 { o y/

.-“A

1600 A
1550

1500

(oo o o7 5 8D SL25 o 4ol 035

“s‘-uh_)-\-‘ﬁ”
9 J 9yl 5050 ¥T 55k 95 (195695 (5339 Loy b subesgdl S5 5 jluibiw! o051, Gl Lo, S
Og!

5}

X

(S 2 o goah) ity KL o 2oy 05
=
&
1

o ? a & 8 10 12 14 16 18 20
RN WY

gl 9 J9 puurdS 305 YT 5000 90 (55LsF (sloutio )0 (51 diomibny SlS on 019 (59 g bii- 1Y IS



Ve b ¥ el el o tige ol ey A

ey S
a0 ________——n-——’__—_'
A
15 | T
4, T
3] TE—
} —
¢ 10 1
PRI

gl 9 Jg purdS 002 YT 000 90 (455Ls5 (slouo )0 (511 it Sargy oy g Lii- .V JSs

(F) U5 50 Gles b gl b g JormdS 055Us5 sl )o L aBl LM SIS 5 (xS 55 (e Sl

9 b S 4 Cid (0)58 Sl gt ComBas Dgb o odalice ISl (o a5 4ieF lad Lol oal ool L
S e ST plie 4 JSE o aeb S ey o STl (] s ps g eV pg 4 Sy K0Sy
Ol g3 ole )13 T Glsd g Sl idu 0 gl 4009l S 5 JgpundS 4 0091 S a5 sla Simin 50
Glosizie (Sdg ( Jo35 gy ol aoys SRl b s peedS 4 bgye (s0y55 slo oo o5 95 oo camlive JS
lodigas S sl py55 &5 45 isls GLaS 5 oal s @yl aims oo (Lt 055 51 (60520 yas (gl 4 by
bl gad ol Sl ¢35 T 3l mg Sl w0392 (995 (al3¥l Sl 1o T 51 gy el VYl e 5]
(U Sl a0 Loy gl 5 S pmenlS (ladiged sl el VAT 5 YA oy St 508 (6 e 3l g Sl 0

el ond b )T L 50 ol pys oo plsie ]y T a5 ey o

g S
14 —g—d L T0
o da 115
12 e lS720
,’|‘ e 10
“2 1 —e—anll15
=N —g—op20
o8
=
=
6
2§
Q o
2
& 2 2 o &
&
N i
0 50 100 250 200 EE

Teetyo]”
gl 9 Jg pundS (355695 (oo ) b 4Bl LY S5 g camb S 05T 0595 (SulojT s F S

b Al LYs] S g xb S gl 1y T 5 650 Conglive slasiales] s (8) 5 (0) gla S

@ Ol b g JoreadS (59973 998 o0 csaline 4 o5 (lon aimd o (LiS (gl 9 JgpendS (55LsS sloas s
sl b g JgyudS TY - L asdliongll S (sl y a5 (555 a1 090 o Ceagliin (10l g ooliil 3,50 S
S2lS Bacas Las a8 wuy o JSalshS £ 5 Fr sl 4 ot 5 4y JSalshS YOV 51 ks ST old Caaglie
Ao, g £ Ay diunly Cuglie als aS was oo lis il el b S 4y coeis 2o 0 YYIV g AYF/Y Joles
sanlie (B) JSi ;0 a5 4is8 ylad 05 o o] yidin (2alS Crge sV jiiy aoli8las (5 )sb 4 ol ooVl

Baglie sl 0¥ o3 by it xSty S 15,5~ 5 sl siomin (5355 15 e 5 w05 00



Y14 VEv e Sl T blad omo il Ao edige lid s bt

ol () IS zuls abl oo ovnline LB 55 )163‘5..4 Sl e lp (F) S 0 Olpasd gy e aslice
oS0 009l g cado S5 50 e Lo Y/ o3lail s T oo olKtss o lasbiv] duiws 3985 g1y p3¥ (25 a5 s o
zls aiboe JulighS YA o FF YYD MVAA ol s g 7Y 510 O sloas,s 10 JomedS 4 0nl
Sl s ol alie .0l oo ralS 39a5 (gl p3Y 35 e ‘;;"9'” o, GulBlh as aes e lis 5 () S

Gl oanlice BB 50 gl gl JS& 50

g S
s 710
250 T S o115
o 5120
010
—e—opdI15
= 0p20

0 T . 05 1 (/.)L):JJS 15 2 25
9 J S (155655 (slooo ;0 b 4l LIS S5 5 (b S (5550 Cunglin i lojT ol .0 S5
Og!

G el
gl 9 Jg pudS 55U s5 Gl ;5 b axdl bMS | S g (anb S 5T 1o Glualojl guliv £ S

Sk 5 65k ey P) oad Jlasl JL L (L8 =) oy pon Sl Jold @S0 sl iales] s

(V) sl s ,00:10gP° & g0 a5 (55055 slaauo ;0,0 san¥T £55 90 yo b audly LY S 5 b S 6l
5 Candg 4 il Gy corge adigal (55, )51 (talEl 95 oo canlie a5 isS e Cunsl 00 03,51 (A)
L adl, L)W S gl b S 4 S 5500 slagiomie (58,5 )18 ol 5 098 o0 (0l il enSo)
&S oy pz Sl (s Jg S b oads 008l (gladigas a5 (glaisSay ol god Sy gl 5 Jg yuedS
(Pe) (oSS iy sLid aiten Tls | Sl l uSe (gl 55l sladised (S5 039 (xmb ST @) S
s JSalis DA il o oSS 5T 5 JalysS B g nlS L s oogl] S 5 e S5
Wged slp &S wiloe )bk (o cod (Co) pyg Al g S0 (Gomie e (Co) (F3,08 Al el o
oo s ol ol dlone /o ¥Y 5 /Y casi 5 s (ormabs S5 5l Cs 5 Co e o cyoand 555 sS (sl



VEvr Y bl (eas sl dla ¢ pdige B & YV

5Co) yolie b Cewl <1+ Y0 5 oIV Loyis o5 & Jg el Lol 0051 S 55665 slaao s sl uSilis

el 008 s YN g VY Jobes o 5 4 gl b il o091 S5 gl (Cs

() S
el

(58 1 16101
—a- (2 05,16101
o538 My X151

o (523 8151
(S5 N pitS201

15 G N :
&. ———ni & (82270 18201
I
o ] e
A
)

(IS 35 s
12 621925k 3 6,195 5b (> 53 ouds Jloe! Jb b o g paxe Oyt Jolih uSons Lo glis .Y S
Je S b sl bUSI S g (2b S

(IS L

3 G103k 8 6N )L (e 53 oud Jlosl HU b o g poee Ol s ol oS i Lo 3T o L LA S
oyginsl b il BUST S g ords S

ol o 009l I il ()il Dk gy 5 g RIS 50 oy STl LS lag e gy y5biie @

039)] 5 orerbs Sl 45 S clodigas 5 SEM (S 28,5 4y pladl e ysil b 5 gyl (cloony¥T b S Gigas
SL Gladiges Jlidlug Soe o @ (@ 5 -1 Al Gl Sl o al gl b g JsrmelS (S35 710 L oad
ol aseiin (GIFR) K5 5 a5 ais lan il o oanlive BB oygial 5 JgymnlS b azily LIS 5 apb
S2) US4 az g b aS ol aleSols Slexslu 5 5 9 jhie g (slails baad 51,3 5 il panb S LS lag See
593381 45 ol I3 ) sl 0 iy S B3 sV 55518 a3 g pedS 110 Ly S s 0351 L (0
o g5lae g ¥y L.»).m9j.>) Shd il g oo p o 5l S GLS s 99590 digm « S 4 il 710

(C—‘\J&) Sl oo;

' Scanning Electron Microscopy



YV VEet Sl T et (eas il A g lidope) &

] {\= 4
) 7 A g o
¥ A%
Sy > P

gl 798 b ooibed gl S—z Jg pwadS 710 b sudosgl S0 (b SB-ISEM gl A JSCS

JoyecdS 5380 a5 wisls (Lad (F 5 ¥ ) 85led (slaS) 55 05155 oS 5T sgu Sltslejl oles s

i w7 axly (5 Gl (o515 slayielly ol ;i 5 5 py98 el oS T ogu el g
@l 5l 09d e 553 b (8o Czge S L Al LY gl (S s oo (e Cugh, GialS g Aty
L adlbosgdl S 4 e S ly (pyg5 do s ol Cull polie) oles gy polie o(F) S5 50 oads ools las
00y &, (1 +) US40 boay¥T Gl clado o b il Sl pesis 5 00 cpmasd (ygimsl 5 g plS” cilies (glonio o
b S @ s S ol 095 Gl g Jo el (099581 45 S8 a (lg oo 595 e JS )]
s8I+ 55 Jia ko o 355 0 ST 2lad (g8 Jamsliy I3l g il (59938 &5 o, 35550
TAYIO & o] Jlade gl 5l oy les 0 a5 Il 0 oo, V7 & (b S 51) TAF 5l )65 oo lade
20,0 9 895 5 (2 (2l prgi wey0 5 (00098 Sl (lime Sl 45 e oo (a5 gl Cplply el o)

el 0as Y1

oS S
il v S

sl por e

IS

0

a 2 4 6 8 10 12 14 16 18 20
adsY s 55

Ozl 9 J9 yuurdS 005 YT 0000 93 (55Ls5 (sloo 10 (51 25 P38 o yd Eoliil) e S

o O gohaw gl aSby (pw) SSE LSl pw) 2 4 Semlior @S (rl e g 4525 ki @

rge sy S 4y Of o938 it (3b5 o 595 b o5l ol 4y jol8 45 00y ate L sl o S
Ol b g 0092 0b 5 guy Dly3 O psloms 50 Ll Cle 4T (g 55b 4 cigd oo S g O Jslome ;0 lags (28,5 1,8
bl 1y oy s BlLIa Jlo )b ol 5 T 51 USiiie acgaze ool sl oo Ll Gl yl o, grbans 5 alols



Vv sl Yokt omail dor (pmdign (lidiopes & 000 YvyY

f g0 ol )l Ao aile 3gTUsS Jelse 4 4 ol sl Naiel e cielie Y laie o | wles,S
it slaglexsle LS5 4 e ¥ (nl Suled )0 i Sl (S 0 g Sy Sl clale oS S
Ot Al 59y Gl cge islas BY culis alS 0gd e algS5lE L sTeniSTy (lsie Co gy S
wzge DS G mle (alierd SoeS )0 S D oo AgS ol el LS5 g R00Ss 4 SlS Goaneesr 5 D)3
aS FYIO S isdlen colb hyls JgpmndS 05 oo S j0 das GleiSle iolay g caclas Y Culs jo o
oS yiSTlgs col zalS s 4 g pmadS (gl S 50 10 ol o el (M) BT S5 Sl g ol caas 8905 40
45 Sgdige Fiadyd DS ST 5 a4 OS Gaees crge Ay g Al alS helae LY Culis
JSa5 ety DS cnl el dgpie JgrS sl Sl 00 S LSy S (070 JSG 50 Sl )
GRS s 53 5 gy Ty GRS g ol ol el (ornsl Sl 4y S (5 S L 055 s (s 00
Sk 555 o el 5 Sl sy LS g ot sl 55Ty ) e Lol L ol ey
boaidly (] 90,5 oo dnte Susb) 281 5 aden SiS o a2y (55 Gl cge (b lals Ll 4y Liles
V] il 5 oW1 TFT S5 5 LIS asle o0 o)l Sty gl L (Glgy 9> 2 Jg S 009381 51 S50 i)
ot glS g9 5l oy SlaSE (g5, 1, il SlislesT [F] 5B 4 LIS s )lo callas [Y8] ol 15m ¢ 5 0l
s Ll iols lonil cingy Sglie Sy iS00 oli (gl o cilize Slayle b e sy S Sy 5 Caigit
5 @ sdite ple glyie 4 a5 (oale S pSIlss ol @ o Sl 9 ez 51 S 5T sga> 45 Wioges (68
bt g anils alsSols Lo by b sleils 4 Lles Ll ol o S5 4 wioges ol bl el Lol 35, o
IS zs ol «Jobl e Jgilin Josd 51 T olga 31y 2 0 [V] ol 5 G0l oo 205" (st gole G iSUls
DBy ) S S SaSG 55 ole p sdiie mle Glaie 4 Ol 4 s aliee slaaus o b ol Sl
@ ol b awslie jo 00yl S Slgy a4 oy las oas¥T (pl 4 00gdl S sladiges Sy o> sinlesl =l
ol opl a8 winges o LT .l sa VT 51 oslaiwl suo o b caslite (2alS oyl g ol oo 2alS (sdbie oo lgie
oLl g &l (rizmes sl gdbie pole SO aSles ol o i b LLII o S sl s 5l AL
asdllas 5,90 1, 78 Clale b g (/2 58 ) cilides sbaas o 40 JspeedS Jolome s 009)1 S Sy (55lege [Y7]
Syl sgax a8 ol lis mls 5 o plil JgmedS 4 00gd] ladisges (59, Sl sgam iolejl aisls 1,8
JoydS 4y S Sogll aoyo 4 (S o] j2olS Jlade 5wl oo (20lS s S a4 o 039)] sladigas
Jolows 51 095 iagh 5o lsl ol cllas [V] 155l 5 logSe b iegh cpl )0 odel Cavs 4 gl o)l
> ol I8 ekl 8,50 Sy 5T g0 (i g | O 5 g lizs glacdile b gzl 5 Joibg (g pendS
A (5o 0 Sy ols las 1) auli8l Wy, Jgeme Of 4 G o0l 53 sl Jole (g1, ool Cews & s,
s 45 00 a8 5 L 10 o SVgb Sl e el )b cpl s 5o a5 Winges Glo il i )15 sals &0

—9) JS2) SEM gulis paizmes aings 03l 13 laine | e obioS 31 (L o] Stnghy 5 Conl 00 gl ol 59

' DDL

" Disperse



Yvy Vi ol ¥ sl el Al ¢ bt s &

AsSlb gyl Jslomo 4y 00901 S lazslus a5 wizdly yo Ll ol cllas [Y8] ] 5en 5 5yl b5 b (00
De on (slails

5 5208 iy oSl ogu (lil Crge (gl (o938l a4 95 00 svaline (Vo 5 T X)) oSy o
85 yT o lod 39 o0 Aty Susby wo s Sl g it St wom ol 39 20l (oS5 (sla sl s
SoyiSUles ol caas Lo i 45wl o VoIV gl S5 iSUliss ol e coul oas sols Las (V) Jgax o
Sl Sl bl ST Ll i (hny 358 (695 L illae sl T G 2S00 ol p)lozr S g Jg S
Sl g sla Shy o 5 Sl sgu 5 Gl S ol glails 5 s dlgSsld Ao Canli oo S 2SUlgd
S5 el Olgiisn |y Wlis cnl Jdo aims o L5 1 o ol gy (S gl oSl GalS” Jg pulS 2 o
hls a5 098 oo Jolo Lo Sl G gamloanST 51 (gl (S 098 o0 s Lo JSl 09,57 51 Jg puclS 45 0905 ()L
Lo PH ol _Lolse 15l o oy gaslanaST ae 5150 oyl 1500 gm0 3l ansl CH;COCH; liads Jgo,
bl 398 Jrad densl JoSIge 95 4 Wil 0 (S 50 LapanclS)lg ;S0 3529 525 5 D)5 (5992 o)l (G o)
Ol sl 50 Ji5e Jale Glgin 4t )3 0y LaeundlS 5 Son 5l 5l Jlain 50 S a5 olo)T 510
AYDEL) 0,5 ole S a3 Gog ol g dases pH
CH;COCH; + 0, — CH;(COOH) + HCOOH )

o515 5 Sl 4 el ol 5T 5 5 sl 0 155 Wiy 09t s il o b 5
St S35k S @8 5 i (Fi b OieeST il At jo oS Sl (5enST @l Sg 4 (05 3 5T (59
anled slonl Wigy () Il DS L atilgi oo ad (B o 4 il gloJsSUse (o A j0 WpS e
SbSld e Semse Nser 53 Ot 3l ezse OF (9938 (gl b alaly 50 00s S5 sl (Shug 4 az i b nlnly
SE LSlog e pgal )0 Gleien | Olyeasd (nl a5 09800 5y Jlowe Dy 4 ) SB- 835 S food 5 g
oSl ]ty Elagle)T ol U 55 [YV] lan o7 il 16,5 eanlice (z- U5 (ygisl s 03g)T i o 50
g0 0y iy sbem D3 Gl cnlpls isged a1 sl cnl el 4 ansll ) sladiges 55, (XRD)
Otal3l Az 50 5 058 g0 Gyl b atdly blie O iz 5 S 0055 (o) Copols Gl 5 0hag o (38
S halesT 5l ol aiiy St oom wly (39 (Rl 5 akete Susby (il s (o8 iy o5 25T 050
olid yol cpl 0gd g0 0ol ol Ol yoss in (il Coge gl do s i ol il walys o o
SIS G )3 S Wgm ) (5l ege (o) Sl et 8395 G 50 (gl Siien jlade 925w o
g (razren (B Bl o 59 ) (6 Sl &5 (55 4 39 o0 S i, OIS obml Az o
aisdinh ol i b 4zl L] S5 a5 ol ol (V)USE) 5T ogas Lialej] 5| alols (s eas
SL S Jo 0 09800 095 (b S 4 Sl (0 2l e Sols b5 CL ganail lils woliss
S e o p0 45 el 0ad 355 b Sl ) Coid (65505 ol e Caols (JpdS b ond 0041
3 (= USD) 2gd g0 S ol glals 5 el ys OIS S g R0 4 DS o cge JgpndS

''Yong
" Chartres



Vv sl Yokt omail dor (pmdign (lidiopes & 000 Yvi

S (T JS9) v s ok Sl @ S 55 S S5 g oo 5l D ol e age gl &S >
W e sl S (S 5 (So5d sl SRy 50 Sl )
sl § JgpmelS SRl o5 wims o (LS (F 5 0 oK) Jlpom 5 Soglie Slulel @l Jle plyie 4,
el Cosglie polie Sl (V1) JSs el a0 oo S ) s ] gyow 06 5 Conslie 2lS zge
a5 555 led Al o lis |y ygiwl g JgmeadS 85655 sladuo o Lo eagll S 5 b S sladiges
w290 Oyl 9 JgpaddS TN ¢ (50938 a5 0l oo JSulygkS VOV (ol S diges pled Conglie 098 oo ala>Dle
Sl RIS gy ol ey JSlislS 1OY 5 SIS 95 Gliso & i 4 (ales Ceolio S 35500
oo 0 10 gl 6l gl talS Wiy, Sy 004 camlive b 55 leas¥T 5o slavs,s ;o Cuglis
SRagh JypmedS b il 009l S Cunglio e (1l b alasly 50 alibico gl I T oad ol
S &S el Jl o cplanl cows slulive ol 4 56 [YF] o) Ka o 5 il g [V0] 10980 ¢ 1,5l1, atile
W g5k, Seaglie Gl b S 4 (S5 50em 0un VT 53938 L IV gl 5 ooy sl aler 51 ol Kags,
OF) UK 50 gl g JgpmedS 300YT 50 51 55655 slavs,s (gl ool drwle T o o Slacel Ol s iy,
o S s 00T g0 s 6l T oaw Sa el oo samlive JSi (pl j0 a5 43s5 len el sud 00,1
2l 08 ok bl ge ity Gyl 4 Cond Jg el 6l Sliei (1l 0l Sy ol aidly alS
S cans Ll LzalS ol a5 sowl Cawas VIFE g VY plp i 5 4 gl g JgpmedS 5l 00T 7V
gl & Comnd Jg ol 31 Sl Cpimman ol TVON 5 AYFIA Joleo cas 5 4 DIVY s ST som b o
ST wb oo (2ol 00V do o il b glas ol S sl < IYF Jolae S o Sogll 5l as,ys ol o
Cewd 4 2ol ol el oy LG Loy g /0 F S90> s )T oo 302 gl b g JgpundS b SogT/Y o0 a8
ooy ¥T 8ol 51 YL 559 slooo,s syl 4 o)k cud b pals L akais ) [A] olKen § T s b ool

.O)L) g.,\.a.aLb.A

¥

g

(Sl hS) ol sl Ol

0 2 4 6 8 10 12 14 16 18 20
PRC R

gl 9 Jg purdS 305 ¥T 5000 93 (55L55 (slouo )0 (515 (25 (5970 Cunglite gy lis N JSiid



Yvo Vi ol ¥ sl el Al ¢ bt s &

MJ S PP L e

2 a 6 8 10 12 14 16 18 20
P WY

Ol 9 Jg ymdS 50su YT 55Lo 90 (y95LgS (sLoauo yo (gl T 2o Slonsl Y JSCs

S (it o) B3 e mule S iSIlss ol Jim 4 cacliae &Y Culied Slss Wl 53 45 4555 los
el alS T 1 i (o355 4z ke a5 ST 51 58 (S0 b b sl ol il 0l
G50 5] it Sl oo S T o oo 906 5 Canslie Sl il 45 cnlnly 59 oo crge |y 5 ol ; caelias &Y
S5l S a5l 8 8 35 995 e 3 petlS s 90 330 (S50 Sl glyls o T (sdiie o,
L3 o Sasl s i s 4 coles 4o a5 oad O sdiie mbe g5l S slaaiges 5 i syl
5 oad angs sladiges Craglin andyd ol wé, e oS il 2l oan YT (gl S Cusslie Canul so S
ladige Caglie zals Ol 50 500 Bk sl il 0ol e b S Egad )l JgpmadS 4 00l S
3573 35 O35 on |y 5 (ol Jebo 45 el 0330 5505 58 gmn S &3 s 3 oeslS b aslie 5 o5l 551>
Caled 50 5 Sl alrale g crge Ca gl Gl A5 GlaisS 4 cudls Ol g sl (g el ) DL
oo 50391 O 5l o co i ghls sl - JSl VIEVY Co b JgpmndS ames j0 V] 05 o canglie Lrals
St (o JISaly <+ 1) gl il Se0 By | o ol (g5l slasises Cenglio oS 4y i o
Pl carge Gyl (o938l 45 S5ed 6 pS A ez Oliiee Sl nl o &5 Wil Ol 5 Sy pelS 5l S
Oygo 4 13 aS T o 4 a5 (2 -8 JSKE) 0050,5 00iS Ty & jgo a0 SISl Jos 9 S sogs jidas ool
sl 28l alS Cuaglie st 50 5 039 e 53l Sl 4y e Ty SISl S WIazh S 15 00 b 5 lse
S ko )5 5 omls e 8 ek B S o (O et JS8) (5T -5 (sl st calnli
4 Comd Gyl b odgll S @y bgype ()5 -1 glagimie oSy (Cuglie Ghals) wlaid )5 18 56,8
Sl 1y Olpss cpl a5 aisgs 1ylo 1) (6 s Canglin soi¥T 51 ol aoys 10 Jg S Gol> S slodiges
565l @S Ol g e 50 00,53 0l50 Canils 0 ) Cod Jg el 5 gl ) Doglis b L e
bl e Bolo
SBJSE 15 sl 5 Ja el 05755 (slans 0 b atily US| S 5 pnos S (5l S5 Slileg] gl
0555 sla e (Vo Lo JSE) gyl L aidly LIS S 0uSo 5)50,0 Zesl 00l o0l oL (A) 5 (V)
85 ool wly alS LT (Co) (59,58 8L lino 5 5,5 )5 (ormeb B 0o imeto §| imly absye
L sl Lol S anily 480 gl siomie 55 Canl el S 4y Cors Wil 108 (8055 0o Lis
Oial8l LT (Co) (S0 b &lis )50 g Siloads @ly sads S a0 s (5 5VL glans 50 (A 8,Leis JSCi) (ygins]
Slagoie (33,515 i 5wl ge (rmb SB 4 Cons Wl i 623055 BaiasLis 4 Canl 00,5 Iy



Ve b ¥ el el o tige ol ey va

S a4 S 058 glo e CnaBao ;0 glas (.ol oo LT (Fogll aio jo b cenliie > 40 1o 10 0S5
Oyl 4S5 gla5gS 4 el aoan VT (2aSTy b bLs | o S 50 el ol Jisles & by g oo |y ormb
O B oS jsbolos (-8 JS) 05500 o] 53 JS Camd il 5 S 0395 5 515 sl S5 ol g
S el ol s 4y L Lo, T Galides slaas s sl 00T £95 9 1 (sl (Co) (5,88 cul po 0
-Gy 5L sl JgplS s oaiongll Sl 2ty (5508 (gl b aidl, LIS S sl (Co) o5 alpo
alidee slaas ;s ;o 5 JSRulslS ¥O ga> JgpandS (55655 slavo ;s ;0 ladiges dor (6l 5 (Po) oS
oLl g 195e asle ;500 (), K3y Lawsgs ool &S] ol b laaidly (ol a5 a8l oo JISulyskS OA 3505 (y9]
syl cdlhas [VF] oS o 3l o [VA] o5 o' gie- g0 o[V] jmaly 5 o WIYAL o) Ken 5 S V]
plol Bz 50 Sglas woas soliiwl 0oV 5 S £55 090 Sy p ogdle g3 o |y Kimlon pas ol s a5
loar¥T o plas 5l 0S8 Salojl 5 digad (0505 §piinms S (398 Ol Kdghy 45 SlaisS 4 Zedls (tale]
Ol b lediges 5lyaal ¢ cipgh 5 ol 50 (Sdg 0 o solaiwl 15 00gl] S il sly a5 Wi, ool
ol 0y Gl pl o ge iy AS ol pll b
b Plo 50 petd Al )0 5 S Bl 5o et e el AY Culid il Gl oS jsbles
e mle S iSUles cli T 5l (S a8 wsl oo NS 36 0T b cnl 4o alkies Jalse 558 0 o] (SilSe
Sb sl (ad dsSsls 5 DS o o 45 35500 DD o adlr sl SRl ez ge T (ralS o]
oS eblan 5 oo e 0dd S5 ool Wl ity diie mle ke azjp B,k 5l .cdls waly: o o 1,
SaSoslail la el 5o 5 o Jg S duo 0 ol 38l el oals ools HLaS (VY gV ) Ve V) sl IS o
Syl (ot 5 S SUlss ol eny (nl el dgzg 4 0 4z 0gdie o] feS glado s 4 e ey
a el 5 S50 o olen Gl 5 et 5 58 e Jelse pln 50 Ll Sl 5 eanT g S0y
5 Ol 0)90 58 O Cesl Jg puddS Sl uSe Dl ks W9, o7 Al atiie (gl )0 Coogas (ul S 655k

B9 oo Dl s Gli8l o 1S o slad (o QT Slade ol

Sl b gy S Sy (SlSo 5 (Suied ols> 2 gl 5 JopedS T ool 55 90 J1 gy cal 5o
s ol 5 gl 9 85 8 (cwy 0550 abgiye pRilejl Slinlel plwl b o5 ol
pa58 oSyl ogam aiile (Sl 5 (S5 slo S 5o Sl jon wrse Ol 5 Jg el 800YT 90 52 )
SIS g syl 45 G568 4 0591 K305 S 90 4 Syl 5y id saS5 csla el 5 ol
a>ly 35 Gilsl Jolds (o515 o yial)ly i 52 9 (g8 Jemily 5 S 5T g0 pals 5 S uds algSols
9 oM AR, cage el &5 (b 3 el oad S gy Sugb; weps AalS g andn SiS e
0505 3l 1y gyl L abiul, ;5 00 olom] ekt G5 Slyis domei o a5 oy S, oS, Lzl

' Di-Matteo



Yvv Vi ol ¥ sl el Al ¢ bt s &

WS @00Vl Sig a0, LiulEl L aS s sb s aisg san VT Sjs a5l il Sl cpl el edle el
Aol S el 0 (6 i Oluss

Sy o samlive (gl g JgymdS) 300V T 50lo 90 12 4 00 039 S (6l )T w9 (ks Canglie LzalS .Y
el il iy el sl eyl lS

0¥l o0 5l Jates (Cs) py55 oy 9 (Co) (50,88 oo polie a5 wols lias oS0 Sliglesl ol ¥
sl e

S leislo & Cad gl g JgpdS 00l 90 12 b ool 00g)l S sl o5 5l Sl> SEM sla uSe f
558 o 3| g il 5 09505 S5l 1, S Gty lS (0938 o (5,5b 4 iogs sl Sl o
ol 00l S I3 ol 55, 9 SIS o W

Sl s e S b Ty el 5 o 5 Sirs) S iSls Sl e oaz¥T 1 oo Sy 475

les oo Lol a0yl SlocS s olos yuis 13 ) oates LS 5 0a Y] g0 g Lt
&lw

1. Meegoda, N. J., and P. Ratnaweera. "Compressibility of contaminated fine-grained soils."
Geotechnical Testing Journal 17, no. 1 (1994): 101-112.

2. Yong, R. N. “Geoenvironmental engineering: Contaminated soils, pollutant fate, and
mitigation.” CRC press, (2000).

3. Fang H.Y., Daniels J. “Introduction to Environmental Geotechnology”. CRC Press; (1997)
Sep 24.

4. Kaya A., Fang HY. “The effects of organic fluids on physicochemical parameters of fine-grained
soils”. Canadian Geotechnical Journal. (2000) Oct 1; 37(5):943-50.

5. Sridharan A., Prakash K. “Percussion and cone methods of determining the liquid limit of
soils: controlling mechanisms”. Geotechnical Testing Journal. (2000) Jun 1; 23(2):236-44.

6. Foreman DE., Daniel DE. “Permeation of compacted clay with organic chemicals”. Journal
of geotechnical engineering. (1986) Jul; 112(7):669-81.

7. Olgun M., Yildiz M. “Effect of organic fluids on the geotechnical behavior of a highly plastic
clayey soil”. Applied Clay Science. (2010) May 1; 48(4):615-21.

8. Al-Sanad H.A., Eid W.K., Ismael N.F. “Geotechnical properties of oil-contaminated Kuwaiti
sand”. Journal of geotechnical engineering. (1995) May; 121(5):407-12.

9. Singh S.K., Srivastava R.K., John S. “Studies on soil contamination due to used motor oil and

its remediation.” Canadian Geotechnical Journal. (2009) Sep; 46(9):1077-83.



10.

11.

12.

13.

14.

15.

16.

17.

0 b T ket (aal M tige (B & YVA

Ladd C.C., Martin R.T. “The effects of pore fluid on the undrained strength of kaolinite.”
Department of Civil Engineering, School of Engineering, Massachusetts Institute of
Technology; (1967).

Moore C.A., Mitchell J.K. “Electromagnetic forces and soil strength.” Geotechnique. (1974)
Dec; 24(4):627-40.

Evans, J. C., I. J. Kugelman, and H-Y. Fang. "Organic fluids effects on the strength,
deformation and permeability of soil-bentonite slurry walls." (1985).

Sridharan, A., and G. Venkatappa Rao. "Mechanisms controlling volume change of saturated
clays and the role of the effective stress concept." Geotechnique 23, no. 3 (1973): 359-382.
Sridharan, A., and G. Venkatappa Rao. "Shear strength behaviour of saturated clays and the
role of the effective stress concept." Geotechnique 29, no. 2 (1979): 177-193.

Ratnaweera, P., and Jay N. Meegoda. "Shear strength and stress-strain behavior of
contaminated soils.” Geotechnical Testing Journal 29, no. 2 (2006): 133-140.

Khosravi, E., H. Ghasemzadeh, M. R. Sabour, and H. Yazdani. "Geotechnical properties of
gas oil-contaminated kaolinite." Engineering Geology 166 (2013): 11-16.

Estabragh, A. R., I. Beytolahpour, M. Moradi, and A. A. Javadi. "Mechanical behavior of a
clay soil contaminated with glycerol and ethanol." European Journal of Environmental and
Civil Engineering 20, no. 5 (2016): 503-519.

sl ig, 5l eoliiwl b L5935 as 009l ot o, S 53l SL" 1z cellove g (cmaS, wp ,YLL A

19.

20.

21.

22.

23.

TYFYAY: (V)Y VYAV | coiige cmolids e & 55 " iiSE g g 5],
Rajabi, H., and M. Sharifipour. "Effects of light crude oil contamination on small-strain shear
modulus of Firoozkooh sand." European Journal of Environmental and Civil Engineering 23,
no. 11 (2019): 1351-1367.
Ghadyani, M., Hamidi, A. and Hatambeigi, M. "Triaxial shear behaviour of oil contaminated
clays." European Journal of Environmental and Civil Engineering 23, no. 1 (2019): 112-135.
McKeen, R. G. "A model for predicting expansive soil behavior." In International conference
on expansive soils, pp. 1-6. (1992).
Brown K.W. and Donnelly K. C., "An estimation of the risk associated with the organic
constituents of hazardous and municipal waste landfill leachates."” Hazard Waste Hazard
Mater 5, (1988): 1-30.
Pincus, H.J., Meegoda, N.J., and Ratnaweera, P. (1995). "Treatment of oil-contaminated soils

for identification and classification.” Geotechnical Testing Journal 18, no. 1 (1995): 41-49.



Yva VEv e Sl T blad omo il Ao edige lid s bt

24,

25.

26.

27.

28.

29.

Estabragh, A. R., I. Beytolahpour, M. Moradi, and A. A. Javadi. "Consolidation behavior of
two fine-grained soils contaminated by glycerol and ethanol." Engineering geology 178
(2014): 102-108.

Estabragh, A. R., I. Beytolahpour, and A. A. Javadi. "Effect of resin on the strength of soil-
cement mixture." Journal of Materials in Civil Engineering 23, no. 7 (2011): 969-976.
Estabragh, A. R., M. Khatibi, and A. A. Javadi. "Effect of cement on treatment of a clay soil
contaminated with glycerol." Journal of Materials in Civil Engineering 28, no. 4 (2016):
04015157.

Chartres, C. J., A. J. Ringrose-Voase, and M. Raupach. "A comparison between acetone and
dioxane and explanation of their role in water replacement in undisturbed soil samples."
Journal of soil science 40, no. 4 (1989): 849-863.

Singh, S. K., R. K. Srivastava, and Siby John. "Settlement characteristics of clayey soils
contaminated with petroleum hydrocarbons.” Soil & sediment contamination 17, no. 3
(2008): 290-300.

Di Matteo, L., F. Bigotti, and R. Ricco. "Compressibility of kaolinitic clay contaminated by
ethanol-gasoline blends." Journal of Geotechnical and Geoenvironmental Engineering 137,

no. 9 (2011): 846-849.



