Ol 2 S6 pols 0 K monrd by
Sk Sogllallis ;5o VWP 0 b AL S

b oLiiilo ) oS ol paw Al oLl Ccawd il GBS 31 pgu0dlS § a3 guiin] i lS
yeebomb

f . . . A .
oz W 125 e 5 oo age el ST o)l s
Ton Duc Thang olSiils [Loliwl ¥ g5l, olKisls S5 waige g pole 09,5 Loliwl g o)l cwlits IS aisgol ils 75
b Jegs olKiils cwliaS15 09,5 Lol Te University

oS
L Badioss o2l il i 39250 SNl oliile S ) oKLELS Cas cyly GBS pgnodlS 5 pms oyl 3o 5
5wy @3] Olie 5 (BC2) o 2550 gz 5 (BOD) o) S 5l 0nd 445 Jlzl 55 90 92,15 il (g 2 Bn
5 sl e b ploul alaslesl Ll i ,o s sl Al al s doi 5l il slaSls 5p ,0 pasesls
0 osia] Golp FBY 2als el gl goi 50 IS ol Lis gl b (g ,Sojlal dalllas 050 LS 1o pgmosls
b 0,5 rals a4 i ol e 5wl cows 4 SIS BCL L aylie ;5 BC jlral 9,508 G g poeedlS i 5
S fiin JS @58 9 J5 on> 5 CEC immon ponaslS 5 @y i 5o L5 i ohug o o 4 i Jole

A oals

PW')[S e D ‘u,-’}‘w-;‘ ‘)l.}:ﬁt’.l:’ (5"\"'15 <5L° °3‘9

doddo

Sl slo e it 31 S ol % o3l oo 5 (S5 s Son S g 5 o o (b
e s S5 e 5 55 oL st e il o s ol gl ] S5 58 sl e
it ) o52 ecnSis Sl 4 ST _Sogll (VWAS coolo yu) 4l oo liacdlls aniir 5 555, Sl aae slo
@ oo VT 5l atws ol 35,5 4y S 50 K Sl3ls Gae )0 mezd 05 so Cgamme Wi 4o asre G ; Jilass
Yoot Kan 5 ) el 03,5 ool b sl e (sl |y IMSe simor) b 5 o losT 5 2l 0y
S e gl el 4555 oy (i Sl ol Gog05 sl s la Bk (¥ Vg S 5 e
s o) syt S s oiSin il iyl 5 s et 815 el ol sk 4 Vi CEC 5 oy
(T o) S

g, g olge

aals 3 i 40 FYOVE" LLslsa Jsb o PEOVE'EY" LLslin oo b oliile,S s 40 aslllas oyge ablate
3518 513 s sla by 8 Jore Zews (b 50 olaile S5 po 5l (6 5eghsS YO ) dds 058 Lot
LSS (o laoandsgS 33 o S g i 9 (6,10 y24i g3

Yoo (o S digad des ¢ ally oSilal e Sl pgadls § oy gl Jlade wyp jsliie 4
A5 5T eS g aril 4l o0 4 S alondis 58 SleaS iy LB 1 (S 0 b a8 ol Sl glaisS 4y (5 el
adlaie )0 S pgeeolS 5 oy Jlde (n i o bawgie Jlaiie b psredlS g oy (g S S poredlS g oy e
lrerdsSased slo Sy (F s ol ool jee rterke ¥ SNl g a2 g be aiges () Jgaz) aril adlllas 550



Ol 2 S6 pols 0 K monrd by
Sk Sogllallis ;5o VWP 0 b AL S

«(29Y %) V: V0 o las ;o (EC) S uSUl colan (VA j050 9 (5 yeg,dod (g, 4 S IS as)o a5l S
Gyl 5 gmls) S 5 Sy o Z3lal gy 4 JT )5 VAT 5l So) gl S 51 oolicial L (pH) S5 25T
Wl (5,8 o3l (PH=T) oo Slewl (g, a0 JeslS Jols cud,bb ((VA0F o)ln ) Joles pundS” by 57 (V445
(VAAY 304

oogﬂ S aws

05l oot iS55 1 5 (oo V0) (S0g)T ailias] s s s pos dy S08)T 5 31 anlllans o 30 ailaio (gl a5 digas
ol Ss oo aluss by olSilil e ,o ally o3 v+ allys, a5 ol s (VWA S 5 dle clalllas o oy
O 0 S oogdl O 4 fgtan Dhgo 4 (V SB) elaie s all oo 0b o] o S ol eagll s
5 (Voo Skl 5 g al) 93,5 oolisial @ 5'5lS 30 )5 s B0+ (e 4 PO(NOs)2 o il S 51 jslate
) i (5055 S iy ool g oltsles] Ll 55 s o Ll 5 45k 53 S & o diged
FARRT YRSV ITIR PRVt JPS

esbesle

©ox el b plxl (5 OS] kulph L) ghlsn (o bl ph Cob 055 10 cam S350 Gz g o)l S g0
5 el aisle ol F Ole a0 Feor e los jo o)) S el g ol 5 cile ax o Voo sles o o c5 0
igd o Olgie BCy (gylazsl caodle b o)l S gl s BCr (g lais] codle b s 50 gz gl callie !
RGP SARVE SN K gt P CS P PR W X P WS Sy P ESA

SRk leonsSe 58 Sl S g 6 S0l

oy gl (V475 ) PH V-« Y LKen 5 09il) S cozn 000 alox 5l )l (oloondsSond slo (S
I IS 5 (VALK 5 (5Sls) G535 Jobs 2adybs oY )V o)) e 5 i) JS b9 M oo BET (2, L
DA s (Vo VO, g ulxig) YU (slos jo 5l o=l g, 5

il Galojl

sbite ol sl ab plasl oagll (sla S 50 opm 5 pgedlS 3l 2 jlaal 3B cwyp Blaal b sl il
Y s by SOl 5l ot Kisln ST gl wiged j psS Ve e o 0, osliiasl (Ve %) o Sas 5 Silgla g,
o s 08 L ol & e T ol Ve e e < 5, L (b S 5 0ad 03 st 5 e lee
Joe) soil i olSiws Lawgi s ojlac )5 pgredlS g oy cdale 0l SO0 a4 80 )0 je0 Voo o cele £ o 4y 28
W08 s (WLl Varian oS )8 el AA220

PH ke gl ol b el o @]\ gz o oilalllas dilase S sloisns oliandsSs b gl S s o

5 ez s 8 LllE ST Lt 4 anlllas o j5e sls ST copl by el ke VIS b VI s o500 0 SIS
Gl & i o slo WsF sgbie el S gl (1iSly 8l St PH & S o ufiw olie Ll
9 039 gy Sy i S50 39290 3 la g8 oL ASTs b QSL o anil i BBy SeslS
Oygo S obS 4 Ll JEl coguy JoSts 5 (S slojld (ol S i e Lo 4 azm 50 5 03l (5505 S 0
2 anlce 0 G LB g S e Oygo 4 S0 09390 S slajls sopnl ST b oS o Ll 5,5 e
Colas Jlade (Ve e Al pe) conl oLd8 LS 51 iy ol S o S ol ‘_;..x:.iﬂ JUEESIRE N
IS anlllas 550 oS a4 ano oo ylid 5 Sl e e edes ) (owd /YY L +/VQ o050 o (EC) S 2SIl
S5 a0 Silie T+ e A Lo yue) ol 1aS oL Langs (puSis polic izl EC L olaSl 45 05, o0
(S sle e 2dx Uy Jds ale Jod g b ey (5 55k 4 IVIY ANA KA, e a0 SB (o) 9 08 e



ORI SB pols 0 ) K5 wodd ¥l
S Sogll allis jgoe \WA2 ,e,0b AL P
I8 5l 6 S lacdale il oads LSCas 5,198 51 asiol Jdo 4y ol O[3 g s oK jolie 5l oYL clalé ool
S9s 2 356 L SB I 50,8 s ol do 0 VY B +/AD ddlaie po JT op)S Sless anels (V490 «so9dl) W)l |,
Jobeo pondS Ly )57 0o )0 (Ve 2 2005 )le) 09 oo (S polie LA [0 dl Lo ge pulions e job 4 S 1S
sole Cin )5 peiien pé b a4 S 28Ty 5 b L S Joles el SLy,S ol YYIO B VO odgase o
SB Jslre 10 opfon yolie cbale Jolas pedS SluyS 238l b oS Soke @ (Ve o8 i) Conl Sige (puin
2 dseide YO B YFIY Sldlas dihaie 1 (CEC) SewlS Jobs Cusd b Sl pss asels (Y- oA e Jlos o) Wl oo 08
el Cawd 4y p,54LS
~SB iy il Ll adllas 550 sle S Ol 5 S b (Sooll slalailinl 5 ) Jgam sl esls ol
Ol s S mlie (Sogll slos vl Golul s an] o Sl 4 o3gll S wpgeenls clale L 5l g oogll né sl
A0 eSS 05 (oo O pgeasls (sl (Sogll albisl oo g 055LS 5 )5 (oo VO s sl (Sogll il 0
OYAY 528 Cay bamme cbli> lojle) canl oads 428 5

ardllan 990 SIS (bt b SS9 & 2 ) S

poasls I g Cud,b —oln,S S dey sy By ool STy o Lo
Js (mg/kg) Jsbs Jobee I ey ckee s Spstl S Sk
(mg/kg) Tty olS (ds/m)
(mmol/kg)
V) YY YYY Ve VY YYIY YA YNA oY 0 \
A 2l Yoo NBID JAd YYIY FF YVA Na v Y
YEIY YV AR XYY FA A Y. VIE Y

axye Versles po oad aitle Jlapl el ol (515 YV sar )0 bylal olbedslnd b SRy &2
MYY 0 PH lls (BCo) o5 il az s T+ glas ;5 o sl sl 5 AVD ply PH (slls (BC1) o5 il
Feo slo o oad wislo lzal 5 VAT il (BCH) ol il Vo v glas 4o od 4l gl IS T S0
o539 zhaw 5 VPV g YY IV ply i a4 BC2 g BCr iS5 sopo el caws & VYA 5l (BC2) of 5 6l a0
iy 4 BCy g BCr Jold puwls )ladie owl Caws 4 .5 1 aogeyie Vo0 a4 YAQ I ol 55 aBCy 5 BCy
m ke M g AIY il s 4 BCa g BC (sl Jol5 maiew ke b (6 ,u503lail o85S 2 Uge (oo AIF 5 ) <17 1l
tslns 5,55l 1y Jgaigilo VYUY 5 VP¥IY L1y s & BCoy BC1 ol waedlS 00,8 doslons p,55LS 1 Jga
@y EC s o 6,5 030l p,55LS 52 so bl +/+) g /Y iy iy 4 BCs 5 BC1 ol wyjeie Mo
Sl az e Gl LY Jgax slveols elul ol (6,503l ey eieujgws +VF 5 0 NO o5 4 BCo 4 BCy
25 gy (1alS IS 58 5 I e 5 CEC 5 (il eofng s 5 ;2S5 aoyo o JS I 008 PH lzsils oss

axdlbo 9,90 o)Lz 9ol (2l sNa 3 LS9 B2 -Y Joux

Ol sl (elS
B e s
ylosle  Cd cec Y JOEC pH sl
K Na Mg Ca FSzht ek B
Jole
mg/kg mmol/kg cmi/g  m?g / ds/m
o,lS> . NE - NFE N AYAIY Yo/ JAY N O/F \2IY Yiag o NNF ANYY BC:
RS CNEAY Y NYYY YEEA L [YAS VANE YYY VYA e v BC




Ol 2 S6 pols 0 K monrd by
Sk Sogllallis ;5o VWP 0 b AL S

b a5 85 amis iz Ol on aslllas 990 S S1S )5 p5redls g p cdile (e o ¥ Jgoz slaosls bl
ol Sl plie 28l (I 55 S cnl sl Gliee addllas 050 GBS )3 pseeslS 5 oy e il
LS 85 mizmen 5 (Solga PH ouadS 0l ) o alaz 51 eSB olandis b sla Ty b cov oas
addllas 3590 slaS a5 Luljl (Yoo 00 Kan 5 A5 ¥ ¥ 5o g olaSshl Ve o) o) SKan g L) o)l (K
A )0 Sl ol S e pé g e S0 Sl 51 YL lade ase e aites LB 5 Sl YU L, Slade sl
855 n )8 5l 2o 5 oS g oy gl ke

el g9 99 ypa 5 adllle 8,90 SIS 1o o1 gidul pamodls g o pw Clale —Y Jgu

MY kg pgeols clale Mg kg o clale S oles
<IAO Ab- VS
¥ N BC1
.IY§ £/ BC>
oY X/ YSL
JY. TN BC1
0 Jf. BC:

e oo Yo
e e BC1
AN e BC:

ol a8l Jrals Sl a4 S a4 cos jlal gg 90 s 5l TV b jles Sl o paeslS 5 o pe 6;5*.:1 Slade
Oliee S5 b 4 wols als sob; ol 4 | @9’*""1 Shade wilaily jlgl 00,5 aS ols lis gudow cpl gl
95 SB Gl oy qgdal oo 5 bl (alS ply 50 6 laslrgnl g9 50 o b jland Slan SO S 6l o (5]
Al o3l Ghe slral £55 99 8 sled jlam ¥ S ) S gl poredl gl e oizen ol oS plp T 51 i
L8l hals

5 U a4 e |y ol e ol malS iy BCulrab & s |, msd] Jude BCs gl (10 som
sl 05,5 i ans (01,5 ble a0 o) ol sleo ;o BCo ol 5l (500 gm0l cos gl JS 78
5 5 JineS e JenS s, o oS syoun aile alex 5l sle (glaog,S oo 05 (6 iy iz okl 5 iy Lol
Ol gles ;o a5 Glajlzal (Vo VP ez g sebld) Wb (oo GalS gl oo angd Vb slod jo0 &5 ol gl g5y
5 bowzs) s 5o SllE ) enld el s g atils (VL JeSeS ool JT i Wsdioe and
AR ETARCON

&Ll

L3S e bamme Bilis losle AYAY o slesal, 5 S mlie  Sogll o st

e (s g2 o3l S oLt 8 508 (SaealdT O el qlie (659952 25k 5 (learisSaied sy VTAR e ol gy
ol coliile S woliile S (gl ailate o 8 1 oltile S il ]

G595 4t St Sale slasilomy (3l (89 e a2l YA T bl 5. B e omis o o S (e
3o Jlw ladlaies 6,00 Sleirghy 9 Ollllas . YT 11 sloamioailaie 655058550555 SlaS 9 olol 2 0225

AW 6c)w
Alloway B.J. 1995. In Heavy metals in soils, 2nd ed. Blackie Academic and professional: NewYork, pp 11-37.



ORI SB pols 0 ) K5 wodd ¥l
Sk Sogllallis ;5o VWP 0 b AL S

Bansode RR., Losso JN., Marshall WE., Rao RM. and Portier RJ. 2003. Adsorption of volatile organic
compounds by pecan shell and almond shell-based granular activated carbons. Bioresour Technol 90: 175—
184,

Beesley L, Moreno-Jime'nez E, Gomez-Eyles JL, Harris E, Robinson B, Sizmur T. 2011. A review of biochars’
potential role in the remediation, revegetation and restoration of contaminated soils. Environ
Pollut;159(12):3269e82.

Chiu, K. K., Z. H. Ye and M. H. Wong. 2005. Enhanced uptake of As, Zn, and Cu by Vetiveria zizanioides and
Zea mays using chelating agents, Chemosphere 60:1365-1375.

Fatemi, A., and Thomas Bachmann, R., 2016. Biochar as heavy metal sequestration agent in various soils. 2™
International Congress on the Development of Agricultural Sciences and Natural Resources. Gorgan, Iran.
Gaskin J.W., Steiner C., Harris K.., Das K.C. and Bibens B. 2008. Effect of lowtemperature pyrolysis conditions

on biochar for agricultural use. T. ASABE 51, 2061-2069.

Gee G. W. and J. W. Bauder. 1990. Particle sizeanalisis. P. 383-411. In: A. Klute (ed.) Methods of soil analysis.
Part 1. Physical and mineralogical properties. Monograph No. 9. 2nd ed. Medison, WI: SSSA.

Houben, D, Evrard,L, Sonnet, Ph, 2013. Mobility,bioavailability and pH-dependent leaching ofcadmium,zinc
and lead inacontaminated soil amended with biochar. Chemosphere.

Hwang, I,H., Ouchi, Y., Matsuto, T., 2007. Characteristics of leachate from pyrolysis residue of sewage sludge.
Chemosphere 68 ,1913-1919.

Lee CSI, Li X, Shi W, Cheung SCN, Thornton | .2006. Metal contamination in urban, suburban, and country
park soils of Hong Kong: A study based on GIS an multivariate statistics. Science of the Total Environment.
356(1): 45-61.

Liao, M., L, Yun-kuo., Z. Xiao-min and H. Chang-yong. 2005. Toxicity of cadmium to soil microbial biomass
and its activity: Effect of incubation time on Cd ecological dose in paddy soil. J. Zhejiang Univ-Sc B. 5:
324-330.

Liu GS. 1996. Physical and chemical analysis of soils and profile description. Standard Publishing House,
China.

Martin J. A. R., Arias, M. L. and Corb1 J. M.G,. 2006. Heavy metals contents in agricultural topsoils in the Ebro
basin (Spain). Application of the multivariate geoestatistical methods to study spatial variations. Environ
Pollut, 144(3), 1001-1012.

McLean E.O. 1982. Soil pH and lime requirement. Methods of soil analysis. Part 2. Chemical and
microbiological properties, 199-224.

Mirsal, I. A. 2008. Soil Pollution. Origin, Monitoring and Remedia Tion, 2th (EDS), Springer Verlag Berlin
Heidelberg. Germany, 115-172

Nelson D.W., Sommers L.E., Sparks D.L., Page, A. L., Helmke, P. A., Loeppert, R. H., ... & Sumner, M. E.
1996. Total carbon, organic carbon, and organic matter. Methods of soil analysis. Part 3-chemical methods.,
961-1010.

Page, A.L., R.H. Miller ., & D.R. Keeney. 1992. Method of Soil Analysis. Part Il: Chemical and Mineralogical
Properties. 2nd. SSSA pub., Madison, Wis.

Rhoades J.D. 1982. Cation exchange capacity. In: A.L. Page, R.H. Miller, and D.R. Keeney (eds.) Methods of
soil analysis. Part 2. Agron. Monogr. 9, Am. Soc. Agron., Madison, WI. p. 149-157.

Richards L. A. 1954. Diagnosis and improvement of saline and alkali soils. Soil Science, 78(2), 154.

Strawn, D,G., and Sparks, D, L., 2000. Effects of Soil Organic Matter on the Kinetics and Mechanisms of Pb(Il)
Sorption and Desorption in Soil. Published in Soil Sci. Soc. Am. J. 64:144-156.

Sunn, B., F. J. Zhao, E. Lombi and S. P. McGrath. 2001. Leaching of heavy metals from contaminated soils
using EDTA. Environ. Pollut. 113:111-120.

Thayalakumaran, T. Robinson, B.H. VVogeler, 1. Scotter, D.R. Clothier, B.E.. Percival, H.J.2003. Plant uptake
and leaching of copper during EDTA-enhanced phytoremediation of repacked and undisturbed soil, Plant
Soil 254 , 415 423.

Uchimiya, M., Lima, .M., Klasson, K.T., Wartelle, L.H., 2010. Contaminant immobilization and nutrient
release by biochar soil amendment: roles of natural organic matter. Chemosphere 80: 935-940.

Venegas A., Rigol A., Vidal M. 2015. Viability of organic wastes and biochars as amendments for the
remediation of heavy metal-contaminated soils. Chemosphere, 119, 190-198.

Vogeler, I. Thayalakumaran, T. 2005. Transport and reactions of EDTA in soils: and modeling, in: B. Nowack,
J. VanBriesen (Eds.), Biogeochemistry experiments of Chelating Agents, ACS Symposium Series, vol. 910,
pp. 316-335.

Yuan,. J. H., R. K. Xua and H. Zhang. 2011. The forms of alkalis in the biochar produced from crop residues at
different temperatures. Bioresour. Technol. 102: 3488-3497.




Ol 2 S6 pols 0 K monrd by
Sk Sogllallis ;5o VWP 0 b AL S

Biochar application decreased lead and cadmium leaching from downhill soils of municipal disposal
Sarab Ghanbar, Kermanshah
S. Zareil, A. Fatemi?, M. Safaei Khorram?® and Z. Kolahchi*
12 Graduated MSc student and Assistant Professor of Soil Science Razi University, Assistant Professor of Environmental

Toxicology Ton Duc Thang University, Assistant Professor of Soil Science Bu-Ali Sina University
Abstract

There is no information about lead (Pb) and cadmium (Cd) leaching from downhill soils of municipal disposal
in Kermanshah city. This study was conducted to investigate Pb and Cd leaching from soils affected by
wastewater of municipal waste and the effect of the application of two biochar types prepared from sawdust
(BC:1) and apple wood (BCy) in a laboratory scale experiment. Pb and Cd concentration in leachate were
measured. The results showed that application of two biochars decreased 2 to 4 times Pb and Cd concentrations,
respectively. BC, was more efficient in comparison with BC; which was related to more functional groups

involved in Pb and Cd adsorption also attributed to more specific surface area, CEC and total pore volume of
BC, than BC;.

Keywords: biochar, leaching, Pb, Cd



