= e o
< jj\ﬁf_» Sy ggmg_

O SG psle 055 nsis
o 1FeF 10 0 Y GYO
T g TB Wadigh g ol o oo

Holistic and Smart Soil and Water Management

CFYBe—FYT) O 9 oINS (amb @ilio 9 5 59l Uit %
College of Agriculture & Natural Resources, University of Tehran Roscaron

Aol Wilownd 5 yiio o ga0S 38 ol O P Chle 39 41> g (5 3w Jad g 031wt il
S26

ol ol sle ol T limg! bl ) (silngy Jole o JUALS Jos

k.khalkhal@tabrizu.ac.ir 3 .5 oliils «(g5,5laS 0uSiils (S cwdigo 5 pole 09,5 (6,558 (soomiils )
o oGNS (6 5,0liS 0uSiils (S pwdige g pole 09,5 Sl ¥ oYY

oduS>
b0 yeS oo 58 oolitul 3550 ol CamgreS oS S ,1 5 BgeS wil B oollacl DIl falS jslaieas s
Sl J1 250 G293 nl 53 el 00l @Bly a4z g3 3y 1S G 0l o3lail 3B 5 Jlb Jlrge 3205 w52y ol
«(Bosamm) yiadus VB /0 Jlrge «(Bromm) yioides ¥ 5V s (Boamm) siodes ¥ B Y jlrgn b s h dal>
w0 g byl S fie CangeaS g (sl (ABosamm-NaOH) NaOH 5 (ABos 1mm-HzS04) HoSOs b oas Jlab Lo
Veg 0 ) e a0 (ploy g slzam gl 15 90 b (1S5 slaazin Sjgo 4 glel ikl 12l 5, e e
AB- o 5Pb cale oy 2aS gl)s Bromm 10% L oles CaassnaS 55 45 8l Lt gl s Ll 1S5 50 5 (0o
ol e 3kl o e Sl re o olol 2 (P<0.05) 553 Cd 5 CU walé oy 2aS ], ls NaOH 5, 10%
3 et I3l IS CABLE ) anlt s Ll aingy (ki S8 & (Fll Sone > 51 a8 005 55 slmgeaS
o3l 53 sl g 9 NAOH b oads Jlad jlarss oy 4 Jlrsm (099381 5 992 ylade (i Dl DTPA L ool 50 las
A S SIS el i o S e 2alS el e ee Y I 1 10) 5SS

O D318 g ol B 0ad Jab Jlran s galS (BTSN

:dodlo

Bz oy, Ol o el (Rl 50 el job a deler wlawy wdgi (Ol Comez Gl s ol o b
Ll sl az g5 9590 ¢ amacan ) eloizl Gblie 5 o5 Sllas lodanie JJo 4 o Scusnes wilany Copae
@hnl o lrsn wiile ($9938 Slge (5w Sy S Sl 3V (G35 CangiaS St § CengpaS hie SIS 0l (6l
D9 ool ol Ggyme "N pdie abCiwgaeS " A AT HabCagaeS anl)d

Slrogas ol (S 08 b g kS 050 sl o] @IS el 55 Sl g leardsS b Sloogas
5 Hlpe slalammany) p aii)s g CowgeeS 0095 )3 Wlie @98 2 Hlrgm SIS ojluil il largn D13 (S8 o5l
i (b Slalllae (Jl 2l L 258 g0 b Lz gl (s5; ol sloeg S L lad Slge (550 53 (18,5 )3

' Co-composting



19'™ Iranian Soil Science Congress, 16-18 September, VFeF 5o 50 YY B YO (ol o] SIS pale 0 505 oo g8

2025

il el o5lolad S5 bk 5l ailesls @51 O e CaasgeeS aiTd p lam 3 o3lail il 550 40 (s3sdome
il Jbd sla g, .(Panwar and Pawar, 2020) 39 oo o0 Sgue (e g d8lio Hlad o Jodlod aox> w0 g gelaw
dyame Sl Sy 2 Gh9) 59 0 s JUd Jlrgn aned sl oolital 590 laanld n F gl oloed 9 (S5
)5 (6,503 S 35 )l8 S50 (65 Jlxd s Comn oo (5o Jlxd Lol i 38 oo il T o5l g S aile ¢ il
Sl (F 5 YL oa5l (V58,5 ohng haw s (Yol (555 (g3l led slos 5 wald loy 4 5k OV 1
Jrgm aS 0,5 5,155 (Y1) |, 5 Ye .(Panwar and Pawar, 2020) cowl oadas jo5 g aidlidnwgs Joedseies Koo
35 (slos Gtalidl 5 (o5, Kem ol 5 0 Spags 1 e polie CblagSs Gl warses Gl el HO L o Jlad
CewgeaS )90 )0 (§0g95me Dlidodd 13l Jlo Wiz )0 4z )51 0l CengeeS (9,500 eSS0l (38D (Ldge 3
oMbl glucngaS ;o Jlrgn SIS o3lul g eai Jld g 5l eolatwl ogas o bl 48,8 & jso jlrsn S e
Sl3ls S 75 5y HoS04 5 NAOH by Jlasms ojlo Jlad 5 )3 o3l il anlllae gl ol Bad .ol Sg0mme jlns
52 e 3 41 OIN b (6 oy oS 5 (e

g, g olge

(S5 oaStls i oKl ¢ JUl 5 S S 5 yslcnr 20 e B s 5 el il
VAL aads «¢ gax 0 VA Jlod oye gaaBo YV gax 0 YP U aaBo YV gax 0 ¥F 3,0 Job j0) 5,0 oRls
A 0,5 e ile O 31 eS o3l 4y (aiBs ¢ Y g ax o

2 T e Goym 5l ol Sluls eogicenys 5l ol (ilo az s Frvglos po annl 5dsrm (b9, @ lrse
3 oslitul b oad s lrge o angp SB husilol> oBitslojl 5o el S5 5580k loj b oy5eaST (9 Lasl s
(Bos-1mm) o0 dgd g 0l S (Boamm) yio Juo T BY g (Bromm) ¥ U Y «(Bos-amm) V G +/0 slaojlasl jo S
s 05 bglie 358 55 el ¥ Se 4 (F Jsbe 1) 4lg) Yo) o b Ve ¥ HaSOs 5 NaOH Jslons L
s g o Coli Vo sgas o PH a8 Sle b o aecs Hhaiie ST L b oz sod Blo jl g0 5 Blo ygumiliwgm
Fanetal, g, ood plol) o i B ol ools )13 uguudes a0 #0 slos ;0 oyg] 10 el VY S a5 o0
(2010

Sl o a3 (o g g £l HeS 90 LT (6155 slaazin b las S o3l (5 kel 25k & jg0 4 (ool ]
oo, Ve g0 e v aw b 6l del oy jshiie oyl T alole ¥ e ay (1SS g0 g (L Ve 90 ¢0) Hlagm
L oo Jad g0 «Bosamm) o oo V U 210 jlagm «(Bromm) o o Y UV jlo g d(Bouamm) o bo F U Y oo
U315 55 dlse ol b bglie (ABosamm-NAOH) sgus b oot Jle ,lrges 5 (ABosamm-H2S04) Sy ysilgus s
03yed CamgeoS 0395 )b S slatin WD (5)]0a50 5 035 e p S HS Ve (B 09 b s Ve (Seadl slaasta
6Wisy 1 6l pliges b (5,045 Sg w0 Be—F odgamae ;5 Lialejl L b syl Cusbs; .ol gl SIS
5 09508 bglies caiiils yy aSiy Galizes Glesl 51 (5,5 00+ 0902) (£8 Aigai O PBlax JLye 5 ploxil A0 g Ve FY VD
5Cd Cu Js clale «(Chenetal, 2010) DTPA g, b s bEPD g Cd Cu clale anl Cavdy o8 o diges SO
.(Jones Jr. and Case, 1990) wols pess HCEHNOS YY) coos b Lade sl g0 bgloee dlows 4 jinS1> nuan L Pb
e g bl

O CagreS Job 5o polis S5 il Ol ki

" Repeated Measures



19'™ Iranian Soil Science Congress, 16-18 September, VFeF 5o 50 YY B YO (ol o] SIS pale 0 505 oo g8

2025

5 C CU) jolie JS Sl (sl oy ot Jlie 515 oo lass (slo, 5T ol 51 a5 ols s il s 43525
Job ;0 5 oXw Sl S cdale Awasthi et al. (2017) gl b asles () Jga>) (p<0.01) wog lolixs (P
1S sl alS il s abimgeaS Jsb 5o polie IS Sale l s () JS8) 052 (ol kbiasgsaS
o 53 Pb 5 Cd U S olie Cile « olgd Comga 53 Shinghy ol 5o il a3 il 5 oled Jpams o 5 03
O Ol3l8 dale malS cels g slo,lens pled ol uly 0gs o lews 4y 31 iy (p<0.05) Slobne jobo 4y dalss
slows (Banegas et al, 2007) wols >0 59, » xaw i Lo 4 Slié jole aalpd palS L cd,) 5l s o
0y e ale 1y 6S 6l 1o Bosamm (10%) les o Cd S cdale oy iaS glhls oles CawgaaS ;o Bioomm (10%)
Slils 4y Fogll slxe o 5l jiaS g (ol 50 adg GlacsgsS olpl Lo o jlaibinl jo S Sl jle > ol

RETIUIE PV U

S e (kiiungsaS Job 53 oS 1316 S SiLE sl chliho glolend 5 il sfg 40325 ) Sz

& ol a0 Cu Pb @ol3l 4y Cd
Hlewd Y. VEANIY Y sese VoV o [A Qe \e SESS
Glow) Uas g YIvY Y\ N ol
oles \ YV /YA PO VE/Faen AVAR
Oles xleus f- VY] ¥ e YEY/Q) ARV
(o)) Uas N YIOA o/ f ARTALd ol
(1) Olyids oy YY/IY ARYAS YAIQ £IY

Sosixe e NS 5 %0 Jloim! mhaws o o sme i K0 Jloiis! mhaws 1o Jlo e

@) LSDy = 34 —&—Control ®) 76 LSDgs= 0.11
" o e ) () 2001 LSDy 5= 45
120 A By (10%)
Byznm (5%) 180
110 —4— B (10%)

4 By (5%) 1604

100 B, 4 (10%)
c) =140
é —h— NaOH-AB (10%) g’
> 90 H,S0,-AB (5%) 31204
§, —0— H,50,-AB (10%) £
S 80 5 100
° g
F F sl
60 60
5 40
1 T T T T T T T T ! t T T T T T T T T 1 201, : : . . . T T T )
0 100 20 30 40 50 60 70 80 9 0 10 20 30 40 50 60 70 80 9 0 10 20 30 40 50 60 70 80 90
Time (days) Time (days) Time (days)

(C) oy b) Peu0dlS ((Q) (g0 1S pidin ybCawgmoS Job )0 (i i385 cdalé Ol i ) S

O geoS Job 50 (S I3l g (18 polie (conl il ;
PP Cd LU pobie clale (sl ooy x Jloss aiSon 2 5 e Lo slaygiS 1 (ol ST a8 sls (Las iyl 452
CasgpaS 3o (¥ JS5) 053 alS Cd 4 Pb (CU yolic Clle ol i g, (F Jsor) wivgs loline 729 Jlazl zlaus
ke lgi e 45 31 o yiasd bl le o 2 (slls (p>0.05) Cd 5 CU (p<0.05) Ph jolic (sl vl Jlas oles
o0 (g S0 ,las (p S Slls  eal Bl (VoY) o, Ken s AWasthi zls sisles 048 S 5 ol plie Sogll
oS shlo Bramm 10% e (ole CmwgaS” )3 (Y JS2) el jS wals 4 S g slajles ;0 DTPAL
05,5 il & ol o ylagm olss alex 51 (P<0.05) 55 Cd lale oy a5 (61l AB-NaOH 10% las o Pb il



19'™ Iranian Soil Science Congress, 16-18 September, VFeF 5o 50 YY B YO (ol o] SIS pale 0 505 oo g8

2025

sals ‘_;IT slosu¥T 4 i Ol cenl )3 a5 5 5 0 Lil  Sogud Slge 5 (09,500 codled pH CEC ( Lol sl»
(Chenetal., 2022) s25 o~

S yiio CansgeaS Job 30 45 DTPA by (6 peFe b (pais 1318 CE 1 ylrgy iz (sloslond 5l (il 40525 ¥ Jgo

PP sol3T a0

)L°-.e5 \e
(o) Uas )

obey ¥
Olej X ylecs \E
(o) las £

(1) S yod o o YA/

Sosixe e NS 5 %0 Jloim! mhaws o o sme s K0 Jlotis! xhaws 1o Jlo e

| - =
@ T e (b) LSDy = 0.02 © LSDy 5= 117
- A By (10%)
50 LSDy 5= 2.97 ) 018
=By (10%)
5 B (6%) 0.16+
—>— B, 40y (10%) > ~
5 ~&— NaOH-AB (5%) _\‘{ 51
X —&— NaOH-AB (10%) 014 >
> H,S0,-AB (5%) é £
E ) D012 o
] O o
Q < &
< a 010 g
2 5 5
o 0.08
0.06
0 10 20 30 40 5 60 7 8 90
Time (days) Time (days) Time (days)
<y g (D) pauodlS «(a) o 1S pidieo (gl CowgoS Jgb )0 (DTPA L odls (g S0 lac) cpmsuw Wlpld Cdale ol ponds Y ST
.(©)

(6 S Ao

Ol (6 et slrailony (giludiwgeS ald o1y 1 @l oslail g ool Jled g 5l eolaiul ot 136 gl ol
AB-NaOH (sla,los .ols olis |, DTPA L siis 5o lac 5 S oufiw Slls olime o 5Vb vals s aas oo
CU i Sl3ls atl B pals [0 1) 156 ¢ i Bosamm (10%) g Biomm (10%) AB-H2S04 (10%) (10%)
axzsls Ph 4 Cd

&l

Awasthi, M. K., Wang, Q., Chen, H., Wang, M., Ren, X., Zhao, J., Li, J., Guo, D., Li, D., & Zhang, Z. (2017). Evaluation of
biochar amended biosolids co-composting to improve the nutrient transformation and its correlation as a function for the
production of nutrient-rich compost. Bioresource Technology, 237, 156-166.

Banegas, V., Moreno, J. L., Moreno, J. I., Garcia, C., Ledn, G., & Hernandez, T. (2007). Composting anaerobic and aerobic
sewage sludges using two proportions of sawdust. Waste Management, 27(10), 1317-1327.

Chen, X., Du, Z,, Liu, D., Wang, L., Pan, C., Wei, Z., Jia, L., & Zhao, R. (2022). Biochar mitigates the biotoxicity of heavy
metals in livestock manure during composting. Biochar, 4(1), 48.

Chen, Y. X., Huang, X. D., Han, Z. Y., Huang, X., Hu, B., Shi, D. Z., & Wu, W. X. (2010). Effects of bamboo charcoal and
bamboo vinegar on nitrogen conservation and heavy metals immobility during pig manure composting. Chemosphere,
78(9), 1177-1181.

Fan, Y., Wang, B., Yuan, S., et al. (2010). Adsorptive removal of chloramphenicol from wastewater by NaOH modified
bamboo charcoal. Bioresource Technology, 101, 7661-7664.

Jones Jr., J. B., & Case, V. W. (1990). Sampling, handling, and analyzing plant tissue samples. In R. L. Westerman
(Ed.), Soil testing and plant analysis (pp. 389-427). SSSA Inc.



19'™ Iranian Soil Science Congress, 16-18 September, VFeF 5o 50 YY B YO (ol o] SIS pale 0 505 oo g8

2025

Panwar, N. L., & Pawar, A. (2020). Influence of activation conditions on the physicochemical properties of activated biochar:
A review. Biomass Conversion and Biorefinery, 12(3), 1-23.

Ye, S., Zeng, G., Wu, H., Liang, J., Zhang, C., Dai, J., Xiong, W., Song, B., Wu, S., & Yu, J. (2019). The effects of activated
biochar addition on remediation efficiency of co-composting with contaminated wetland soil. Resources, Conservation
and Recycling, 140, 278-285.

The effect of biochar particle size and activation on the bioavailability of heavy metals in municipal
solid waste co-composting

Kamal Khalkhal*!, Adel Reyhanitabar?, Shahin Oustan® and Naser Aliasgharzad*
1. PhD Student, Soil Science Department, Faculty of Agriculture, University of Tabriz, Tabriz, Iran.
k.khalkhal @tabrizu.ac.ir
2, 3, 4. Prof, Soil Science Department, Faculty of Agriculture, University of Tabriz, Tabriz, Iran

Abstract

Biochar is used to lessen the adverse consequences of the composting process and improves the final co-
compost quality. However, less attention has been given to using activated biochar and its particle size. In this
research, the municipal solid wastes were mixed thoroughly with different-sized biochars (B2-smm, B1-2mm and
Bos-1mm) and activated biochars (H2SO4-ABos.1mm and NaOH-ABgs.1mm) and co-composted for 90 days until
compost maturity. The results showed that in the final compost, the B1-2mm 10% treatment had the lowest Pb
concentration, while the AB-NaOH 5% and 10% treatments had the lowest Cu and Cd concentrations (p <
0.05).Based on the permissible limits for heavy metals in the national standard of Iran, the composts produced
in this study contained heavy metal concentrations below the allowable level. However, the control treatment
exhibited the highest total and DTPA-extractable heavy metal concentrations. The addition of biochar,
especially activated biochar (NaOH-AB) and biochar with smaller particle sizes (0.5 to 2 mm), led to a reduction
in both the total concentration and mobility of heavy metals.

Keywords: bioavailability, biochar, co-composting, heavy metals



