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Figure 1. Biochars production instrument.
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Table 1. Some physical and chemical properties of soil used in the experiment.

e e S Sl S S el 4l o S o

CEC o q Clay Silt Sand
(Cmol (kg OO0 FCMESI ey )

<3 Sxs
Texture Property

29.3 15 0.23 8.2 30.8 36 33.2 oo
Clay loam
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Table 2. Some physical and chemical properties of sewage sludge and biochar produced at two different
temperatures used in the experiment.

s osls Usls s LSl N7 1055040
A S ESE s T Lo o SR g G
CEC Ash LY . g
. H O (% N(% H() C(% Sample
Cmolhke  op P o0 New %) p
20 41.4 6.8 2.13 2.51 26.2 10.11 3.84 18.45 )
Sewage sludge
st
26.4 45.8 7.6 2.28 1.51 24 .4 9.42 2.28 18.06 ’
Biochar 300 °C
S st
31.6 58.2 8.5 6.38 0.78 7.58 3.38 1.90 28.94 ’

Biochar 600 °C
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Table 3. The concentration of total heavy metals and their fractionation in the soil, sewage sludge and biochar
produced at two different temperatures used in the experiment.
Sl sl AL sk e
Biochar 600 °C Biochar 300 °C Sewage sludge Soil Sample

Total (mg kg™) J;

147 129 125 4380 (Pb) e
463 448 405 250 (Cu) e
4485 4462 4440 335 (Zn) &5,
187 134 99.5 70 (Ni) G
6.4 5.6 52 6.2 (Cd) peeals

sl oS eolas b s i
Fractionation with sequential extraction (mg kg™)

(Pb) o
0.42 0.57 0.9 8.7 Exchangeable fraction Jsls jix
17.5 13.6 9.3 49.4 Organic fraction JI i,
4.43 6.4 8.7 2772 Carbonate fraction <Ly S s
120 102 98 1378 Residual fraction s.tls 3L iz
(Cu) s
5.6 7.3 14.5 0.64 Exchangeable fraction Jsls jix
98 85 64.7 5.03 Organic fraction JI iz
54 63 89.6 13 Carbonate fraction <Ly S ix
304 277 231 234 Residual fraction s.tls 3L iz
@n) &35
76 147 191 1.24 Exchangeable fraction Jsls jix
1026 932 785 1.92 Organic fraction dﬂ S
772 824 1145 52.3 Carbonate fraction <ly S i
2554 2458 2226 244 Residual fraction sl 3L i
(Ni) &
22 3.57 4.39 1.26 Exchangeable fraction Jsls jix
36 24 13.10 1.21 Organic fraction JI iz
4.54 523 5.56 6.2 Carbonate fraction <Ly S ix
143 98 71.4 61 Residual fraction s.tls 3L iz
(Cd) esls
0.18 0.25 0.33 0.80 Exchangeable fraction Jsls jix
1.34 0.93 0.6 0.18 Organic fraction JI iz
0.85 1.15 1.42 2.61 Carbonate fraction <y S i
3.87 3.21 277 1.7 Residual fraction ol 3L i
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Figure 2. Effect of earthworm activity on exchangeable and residual copper fractions (mg kg™).
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Figure 3. Effects of the application levels of biochar at the temperatures 300 and 600 °C on the exchangeable

and residual Cu fractions (mg kg'l).

Voo Glos po ol W8 Jlr sl Ao s Cla 5 )8
CE S S S ssam b e a3 W
VEN 5 V08 Sleas |y I e e S e
Jsdr) disls ol s a0 S kS 520 S s
oSS 5 S T el Rl L bl (0
S e Kl SIS S b0

() 558 Sk sls BB S Sl ke

e

Dl e sl 5 (S S Ll S

a2 e E) Yoo LSLAD 9 A 3 bJu:lJﬂ.])S

el w35t I3 pmn UG e Ol e s
23 ol Bl (S e S sl LS sba
(0 Jsd) ad sdalie JI isn e Ol
Gk 3L Sl I e il e S slap S
S5 5 0 sl s (T bS5 s
Sosba s B S8 L g8 Sl



RULSEPICT R

(oSS 2o S ) oo 1) ilides (slas 53 3 e dddd g Hlr b 5 (S S lie §1-0 Jpur
Table S. Interaction effects earthworm and biochar produced at two different temperatures on fractions of
copper (mgkg™).

Biochar ;L 5L Biochar ;L= 5L
600 °C 300 °C
e L L sl Skes
; b5 S - P Biochar ~ Earthworm
sile 3L 5L | slile 3L s S |
Lt s s Exchangeable < R g Exchangeable
Residual ~ Carbonate  Organic fraction Residual ~ Carbonate  Organic fraction
fraction fraction fraction fraction fraction fraction
253° 14.0° 6.38¢ 0.495™ 252¢ 14.0° 6.38° 0.495™ 0%
L
312¢ 10.5° 7.37¢ 0.288™ 340 10.4° 9.23% 0375 2% _
SEes
333 9.36° 12.4° 0.231° 304° 9.08* 13.3° 0.369 4% With
. . . . . rth
349° 7.59° 14.1° 0.256° 366° 7.89° 15.4° 0.306° g, cormworm
239" 13.0° 5.03° 0.638" 238¢ 13.1° 5.03 0.638" 0%
Ok
305¢ 10.6° 7.23¢ 0.396™ 318™ 1.1° 8.33¢ 0.438° 2% _
SEes
323° 9.47° 8.66° 0.350™ 341 9.12¢ 9.65° 0.431° 4% Without
. . . . . rth
336" 7.68° 9.25° 0.331" 359° g.41% 10.7¢ 0363 go,  cormworm

2 STl 0sas b s s o e o 3 s e sl S xte G sl Sl Sils Oyt o 3
Means within each column followed by the same letter are not statistically different at 0=0.05 by Duncan test.
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Figure 4. Effects of the application levels of biochar produced at the temperature 600 °C on the carbonate Cu
fraction (mg kg™).
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Table 7. Interaction effects earthworm and biochar produced at two different temperatures on fractions of

zinc (mgkg™).
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Table 8. Mean of squares for effects of application levels of biochar produced at two different temperatures on

concentration of copper and zinc earthworm.
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Abstract

Background and Objectives: Human activities, including the use of sewage sludge as
fertilizer, cause excessive accumulation of heavy metals in the soil. The conversion of sewage
sludge to biochar is a potential way its disposal and is a cost-effective technology for the
remediation of soils contaminated with heavy metals and the environment due to the reduction
of bioavailability of heavy metals. Also, using biological methods such as the use of soil
organisms, including earthworms, is a new and promising way to improve contaminated soils.
Several studies have been done about the effects of biochar and earthworms on fractionation of
heavy metal at the world, but a report has not yet been presented about the effect of integrated
application of biochar and earthworms on fractionation of copper and zinc elements. Therefore,
the present study was carried out to investigate the effect of pyrolysis temperature change and
application rate of biochar on the Copper (Cu) and Zinc (Zn) fractions and their uptake by
E. fetida earthworms in a contaminated calcareous soil from the area surrounding the old
Ahangaran lead-zinc mine.

Materials and Methods: The experiment was carried out as a factorial experiment based on
completely randomized design with three replications under environmental conditions of the
laboratory of Soil Sciences Department of Bu-Ali Sina University in Hamedan. Experimental
factors included earthworms Eisenia fetida species in 2 levels (with and without earthworms)
and biochar produced from sewage sludge at two different temperatures of 300 and 600 °C in
4 levels (0, 2, 4 and 8%) were added to contaminated calcareous soil. 12 earthworms were
introduced into each container, and the containers were stored in a climatic chamber with 16
hours of light and 8 hours of darkness at 25 °C for 42 days. The method of sequential extraction
was used to investigate the fractionation of Cu and Zn.

Results: According to the results of the analysis, activity of the earthworm in the soil treated
with biochar produced at 300 °C had no significant effect on the amount of copper and zinc in
the exchangeable fraction. While reduced the amount of Cu and Zn in the exchangeable fraction
and increased the amount of Cu and Zn in the residual fraction of the soil treated with biochar
produced at a temperature of 600 °C. Increasing the application rate of biochar significantly
reduced the amount of copper and zinc in the exchange sector, as this decrease was evident in
the biohazard produced at a temperature of 600 °C. So, the activity of the earthworm at a level
of 8% biochar produced at a temperature of 600 °C resulted in a decrease of the amount of
exchangeable copper from 0.391 to 0.256 in comparison to the absence of earthworms. The
concentration of exchangeable zinc decreased from 242.1 mgkg™ in control treatment to 0.579
and 0.283 mgkg™ in 8% biochar produced at 300 and 600 °C treatments, respectively. Due to
low motility of heavy metals in soils treated with biochar, the concentration of Cu and Zn in the
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body of the earthworm has decreased and this trend was higher in exchangeable fraction in the

biochar produced at 600 °C compared to the biochar produced at 300 °C due to its high
adsorption capacity.

Conclusion: Therefore, heavy metals fractionation could be changed as a result of the activity
of earthworms in soils treated with biochar, this trend indicates that the distribution of the
metals in biochar amended soil is gradually shifting from the more labile fractions to the more
stable fraction.
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