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Table 1. Some chemical and physical properties of biochars.
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N (%)
e |
11.61 16.99 20.05 21.17 (00)2) 05
0 (%)
0.19 0.31 0.36 0.41 o/C
0.85 1.61 1.44 2.81 H/C
34.9 17.6 5.6 33 (402) edde e S
Fixed C (%)
114 9.8 47 42 (¢§’l‘5”’53‘“’)v‘5]‘~‘f“
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Total P (mg kg™")

e smedes a3 T g e Yor Gles 3 eddang sl e 5 93,5 S 5l Nl le S 54 B600 5 B400 B200 WL

EC (1:10) 5 pH-H>O (1:10) :(Amendment) ;lL.g



OSeR g oy 33Lo

Ceq 1 1

q  K,qgm

q?ceq (\ )

O3 dls 53 sdddr Loy Sllie q OF 55
ol Jslss 53 o chile ¢ (mglkg) S
«(mg/1)
Ukg) L5 55 L cmlze <ol Ky (mg/kg)

S e cds Sl gm
(N 5YY) el
Ki o s 5l (MBC) 5L eSSl
das o OlEs el ! (80 W e csa qm s
O ol chle s Il asly e gl &S
oS ke i G s 0,8 k) Jsbe 3 5

dphe ol delr S s e O 5l SULS

(Y
MBC = gm x K. ()
Sasslil g Seslul ks o odaly
ekl SL Sak Sl gbadyd 4 o

Voo Vo CaCly i e Yo coder adlas
Vi CadS 5 0ol OIS el ¥l el all
odiOls s 53 sddslil O s sl
AAS) 31 Gl arwcib oKis dewsa
oerer (YY) s S Sl
il ¥ ddasly Sl eslinad b sl &5 sdiod

S e

o lie 54 Phag 5 Phge alal; ol 55 s

"\‘:'L’Jd (mg kg-]) > e.,\.:.:u.,\} 9 e.l.:-b\)T

YY)

Pbge
pbag

x 100 x)

e.,\.i-b\)'T IR S

1- Maximum Buffering Capacity

Yoy

M35 =Fis e V) o ST Shasn cnl
2o S Ll 5l p S Ve 4 eti0ly glasles
Bl Sty gk s s OS5 an 53) anlllas
3 g a3 MIEY Glos 5o 555 40 Cdews
2 A Sl asne S b Ao A b
Ao el Ol 4 58 S dpe SO e
Sl s 8 5 Y G0k 3 e A 4B S
sradlles 5 (ool paigad LS 51O sl S
b8 el Sl 5 ol
slabdas Sl o o) 2 $ln i A
35 e o Sl (gl A el ol
O3 ekl St 5l 0 S Y &gl lanl St
Voo a0 Ssk sl Glady
glackle g5l- PO(NOs)y Jols 51 2 Jus
5 (5,0) oy Vsa ke A 5V L XY /0
“oni Jsloe 53 (V) o cad L) o)+ o
Ad wlsl bad 4 GV Le Ve chle L) CaCly
Lad 50l .54 eslizwl 5550 ZN(NO3), S 3l s,
ol Y8 s 5 0l o3l OIS Coles ¥ Soas
D ol s eseds am s YO£Y gl s
Yoo Copw b aads ¥ oot OF 5l e i S
L 51 ey sl 5 A esls QT adds j5 40
CLE (Y)W els e £Y oslad saly Lilo
e b oS Lo gl 53 e Dl
Sledddas G Ol 5 (5 ,505101 (AAS) a3
OY) ol sy Dol 5 adsl chle ol
S HBs 5 3 e ol G Sy e sl
S Cle sldes dblee ks ISE
s eslazal (V sl y)



AR (€) ojland ) +) i plasly g 9 SIS Cappaite @y ol

Sladde Sl glalezes 1o wdr sla S5
adlas jsliien 03 28 jsba & dzes 5L,
Glp oy K plerd fo s Sl RS
Dt S o B s s A ol
GRS b gbie Sledbl i gladsles
ol SIS

S s ol o,
A6, 5 PO s ke Ll (e 93 33 2y
A 5 ) Oyl sSSl 0Ly 55 b (PHYL Zn™)
s ol ol glaesls e SV doles G,
53 e SOY Wlae LUy (RP>4/80) 05 551 5
e gy huy e Slr oy
YY) el sl 55158 gadane Qbf.f..a;}f Loy
S Loea Jﬁ.d L ol le.al.a.sr.a Y 5 Y
om 25 Bl Bl 5 et ol sdiasols
Cilisee Ol Kiass ol el 5B 5 ol pddr
S s e cds gl I, L g5 slesen
Y 5 Y0 Kles S a8
3 o s Gl Sl Gubls e
QLS Y Jsd s e SN dle ul o Ol
oobols 4 e C’L" P SOt Y S RGUY RS Vo
UJ}WUW Jlize 3 as sls Ol Jele 4w
3y b (qM) Gl (S 5 ki Ol
Dl s 3 Sl 5 Oy Jlie I L(P</v0)

V&

Y o0sg58l Sl aslas (ol tsobl Jow 5w
S Sns 255 S 2 b (Gl Sis) Loy
Salesl o sl By s sEe ol
33 5> ol als CJJa B s oxY L, eSB
2SN dslas A5 bl LSS YD 0L
)\J-_é\mj el Loeddodes e laesls
swor 3w A& a3l SigmaPlot, 12.0
s bl Kea fols ibls ws Sls
Loyl 5) St Jolse 3 basilel 03 dle
s ool b Sns p Ol s Clr e
aps el b blas 55 oo 04 Sl
b el Jle s S glag Seslll bl
Shestial b b pSOle aslie cpimen A3 o
Ldoss 0 Jlast dav 55 fisher-LSD 5,

43S plawil Statistica, 8.0l 5le 5 5l eslizl

Cou g

s 350 S P 1179 00 S 6"“;55/}1.9
INVERTI A PR 2 s S Sl o sls
Colda CllB e YV L Bl s Jsles (,.:,VJSuLuJS
PH=Y/A o ias g N L ol (S S
Dol (S 5 ass VO Ll S T S
2y e SIS 2 b el YA Ll Jssls
TVA 5 WA S o) 5 o M opmes
S5l eslinal LG ke 5 ¢SS 0 S e

2 eSS pp S e S 5 Y L S



OSeR g oy 33Lo

258N Jde o 0l 5 i s Sl ST el ls 4585 S 40D Y s
Table 2. Summary analysis of variance (ANOVA) results (mean square values) for Langmuir model coefficients.
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JLA Qljjl
Between- Subject effects
ok BEL ok B) ; s
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ok ok ok (A) "x>. =
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Adsorption System
41169147 13.86x107" 4477" 4 BxA
; o
176013 7x107 1651 20
Error
s ian
Within- subjects effects
sk SF* wok Ole
56295342 2.08x10" 38862 1 e
Time (T)
2673828” 9.80x107" 4079° 4 TxB
6399084” 1.84x10%" 8224" 1 TxA
912507™ 3.50x107" 4966" 4 TxBxA
X o
498858 1.90x10” 1193 20
Error

Al e A3 0 ) Jw}‘cb“)’)bd.""f)bd.”"fféfﬁw4‘-‘:’”;)3“'-’#}“(‘
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" #* and * are non-significant and significant at 1 and 5%, respectively.
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Table 3. The interaction effects of amendment, adsorption system, and time on qm of Langmuir Equation.

Gas) Ol
Time (day)
b sles
90 30
Treatments
=) 3, =) 3,
Competitive Individual Competitive Individual
p
15202 + 34 16185+ 43¢ 15198 + 37 16188 + 36° (Control) asls
15282 + 42 16187 + 33° 15299 + 36' 16270 =+ 30% (WL) 555 S
15291 + 38! 16191 + 32° 15338 + 44™ 16278 + 38° B200
15375 + 44" 16211 =+ 47 15390 + 38" 16395 + 44° B400
15423 + 46° 16451 + 40% 15487 + 37" 16465 + 34° B600

DY) Gseedes ams Nee 5 fee Yo Gl gs eddag Slrsw s 935 S 3l wsle 554 B600 5 B400 B200 WL

sl 22330 o ;3 LSD O30 bl Sl gme ol s as Ol oslize Cog = (gl sla ( Sls

WL, B200, B400, and B600, are Walnut leaves and biochar produced at 200, 400, and 600 °C (n-3), respectively.
Mean with different letters indicate a significant difference based on the 5% fisher-LSD test.
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System and Amendments (c) on Lead Bond Energy in Treatments. Control, WL, B200, B400, and B600 are
soil, walnut leaves and biochar prepared at 200, 400 and 600 °C, respectively. Different letters indicate a
significant difference based on the 5% fisher-LSD test. Vertical lines represent standard error (SE).
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Concentration of Pb (mM) (4)'} ) Ok Adsorption Lol
Time (day) Treatments
8 7 6 4 3 2 1 0.5 system

0.201 0.148 0.061 0.043  0.046 0.042 0.034  0.063 I
0.998 0.823 0.188 0.095 0.093 0.109 0.074  0.060 3 C Lals
0.197 0.169 0.105 0.132  0.075 0.046 0.080  0.068 1 (Control)
0.822 0.689 0.514 0.257  0.211  0.150 0.146  0.125 . C
0.162 0.105 0.056 0.041 0.042  0.037 0.030  0.049 I
0.999 0.550 0.183 0.163  0.112  0.104 0.083 0.062 3 C »S S,
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0.803 0.577 0.386 0.246  0.184 0.141 0.139  0.131 % C
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0.169 0.139 0.100 0.110  0.061  0.043 0.035 0.063 I 5200
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0.103 0.050 0.043 0.038  0.033  0.031 0.016  0.024 I
0.496 0.460 0.114 0.083  0.064 0.060 0.035 0.016 % C
0.115 0.054 0.048 0.048 0.042 0.035 0.015 0.036 I pooo
0.414 0.242 0.231 0.171 0.125 0.114 0.077  0.069 . C

=YY g o yn e e Yo glos s sddag S ge 5 93 5 S, 3l Klele 5 54 B600 5 B400 B200 WL
WL, B200, B400, and B600 are respectively soil, walnut leaves and biochar prepared at 200, 400 and 600 °C (n=3).

I: individual; C: competitive
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Abstract

Background and Objectives: Soil contamination with heavy metals (HMs) has caused great
concern with the development of industry and the rapid increase in human activities. Lead
(Pb®") accumulates easily in the environment due to its non-degradable nature and poses a
serious threat to the lives of plants, animals, and especially humans. More dangerously, HMs are
usually present simultaneously with different compounds and concentrations, complicating the
management of these pollutants. Reducing the bioavailability of HMs by adding stabilizing
agents to the soil is a reliable and low-cost way to control HMs pollution.

Materials and Methods: in this study, Walnut leaves biochars were produced at three pyrolysis
temperatures of 200, 400 and 600 °C (B200, B400, and B600). For this purpose, 3 g (1% w/w)
of the above treatments were added to 300 g of soil sample put in plastic jars, and incubated
for 90 days at 21 + °C and a humidity of 80% of the field capacity. Then, the soil was sampled
at 30 and 90 days after incubation. To measure the adsorption of Pb”" in the soil, first 2 g
of each treated soil into 50 ml centrifuge tubes and 20 ml of PbNO; solution containing
concentrations of 0.5, 1, 2, 3, 4, 6, 7 and 8 ml of Pb®" (single system) and Pb>" + Zn*"
(mole ratio Pb>" / Zn®>" = 1; competitive system) were added to the tubes in the 10 mM CaCl, as
the background electrolyte. The linear form of the Longmuir equation was used to determine the
individual and competitive adsorption characteristics of Pb*". To determine the desorption of
adsorbed Pb”*, 20 ml of 10 mM CaCl, was added to the residual soils in centrifuge tubes from
the adsorption study.

Results: The results showed that maximum adsorption capacity (qm) of Pb®" increased
with increasing pyrolysis temperature, so the B600 treatment had the highest maximum
adsorption capacity among the treatments. The value of this coefficient decreased in
the presence of Zn’" (P <0.05). The qm of Pb>" adsorption in biochar treatments decreased
significantly after 90 days of incubation. The highest amount of Pb”" strength of adsorption (K )
was in the biochar prepared at 600 °C treatment. The value of this coefficient in the competitive
system decreased compared to the individual system. After 90 days of incubation in both
adsorption systems, K; decreased compared to 30 days of incubation (P<0.05). The
concentration of Pb>" desorption in 10 mM CaCl, solution (less than 1% of adsorbed
Pb”") showed that the exchange mechanism of Pb*" adsorption by biochars doesn’t play
importance role and probably the main mechanism of Pb®" adsorption is formation
Pb-phosphate. Overall, the results of this study showed that the application of 1% biochar
prepared at 600 °C can affect the Pb>" adsorption properties in clay calcareous soils
in individual and competitive systems.

* Corresponding Author; Email: motaghian.h@yahoo.com
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Conclusions: Walnut leaves biochars produced at different temperatures changed the Pb**
adsorption and desorption process in loamy clay soil in the presence of Zn®" and the incubation
time. Although calcareous clay soils have a high capacity to Pb*" adsorption, but biochar was
able to significantly increase the strength of adsorption and Pb*" maximum buffering capacity
(MBC) in the soil and reduce the desorption of this metal. Therefore, the use of the biochar can
be considered as a low-cost and effective adsorbent for stabilizing and reducing Pb”>" mobility in
the soil and increasing the productivity and health of agricultural soils.

Keywords: Competitive system, Incubation, Langmuir isotherm, Pyrolysis temperature
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