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Figure 1. Coordinates of contaminated soil around the industrial town of Zn.
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1- FTIR (Fourier Transform Infrared Spectroscopy)
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Table 1. Some Physical and Chemical Properties and Total and Available concentration of heavy metals on the

Test Soil.
Sl e S
Content Unit Property
32.5 . (Sand) -
37.5 7. (Clay)
30.0 7. (Silt) <

(Clay loam) ., e -

7.9 -
2.3 dSm’
18.1 Cmol kg

376.0 mg kg’

3200.0 mg kg’
20.7 mg kg
35.0 mg kg’

236.0 mg kg’

1240.0 mg kg

(Texture) Sk= sl
(pH) (gLl 5 azal
Electrical Conductivity (EC) S Il cglia
Cation Exchange Capacity (CEC) 538 Jsls b b
(Available Zn) DTPA L . zws |16 (s,
(Total Zn) IS 5,
(Available Cd) DTPA | . zws L6 V,:aalS
(Total Cd) Is ey
(Available Pb) DTPA L . zws 5 o e

(Total Pb) IS <

T S P e
s PH O hls eslinals g0 20 558 sl £ 50
0 Sllp gl ole Gl e Ao 5 sy
DA a pl edle by s LSS
o3 5 O S olie W6 eslinals g

..,\..:.5).5

5 b b 5 S LS Sl A

Y o dsder 53 sk cpl p eslatals g Boe 5 S
e Jsde ol @ oar g Lol ss S &)
S ole lhls O el (Sl pH &lsls
Slr s (2l S 035 355 S5 03 55 Sl
el e Sl S (sl s 5 olS L

(oS 5 lran b 5 Nid GBS 5 5l F Y dor
Table 2. Some Physical and Chemical Properties of Poultry and Fertilizer.

FrsS b b Al aslllans 5o sla S5
Poultry manure Natural biochar Unit Properties under study
6.5 5.6 - (V:0) pH
4.0 2.7 dSm’! (Electrical Conductivity) (EC) (1:0) S =Sl culus
46.2 70.1 7. (Carbon) .. S
45 2.3 /. (Nitrogen) 035 <o
10.3 30.0 - C/N
7.9 6.1 mg kg’ (Total Zn) JS 5,
- - mg kg’ (Total Cd) JS aesls
- - mg kg’' (Total Pb) S <
46.4 83.6 Cmol kg'! Cation Exchange Capacity (CEC) 558 sl b b

AL
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Figure 2. Infrared spectrum of natural biochar and poultry manure.
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Table 3. Results of Analysis of the Impact of Poultry Fertilizer Levels and Incubation on Soil pH, EC and

Available Zinc and Cadmium.

Slay o 5SSk

Main of square Rt St b
df Source of change
Cd Zn EC pH
48.652"  3579.814" 1.296 0.168" 5 MLevel) plaw
67.588"" 4561.154"  0.030™ 0.001 ™ 3 (Time) ols;

3.6317 363.234" 0.007 ™ 0.001" 15 Level) * (Time) ol # waw
0.848 1.663 0.050 0.003 48 (Miss) U
14.61 6.570 12.070 1.420 - (Coefficient of variation) <l ;45 s 2

.)b;;).d QW}"))?} eJ&)’/.O Cla‘”)é)bgf."‘ sl N Cla‘”)é)bgf."‘ sl \.‘,:JJ:‘A._vn B

** % and ™ significant at 0.01 and 0.05 probability level and no significant, respectively.

S g fes JB aslS 5 595 5 EC PH U152 065U 55 Sly s 5 sacb Sl s 7o P P ISR PR
Table 4. Results of Analysis of the Impact of Biochar natural Levels and Incubation on Soil pH, EC and
Available Zinc and Cadmium.

Slay o 5SSk

Main of square g3l e St b
df Source of change

Cd Zn EC pH
15.796” 8395824  0.042" 0.020" 5 MLevel) plaw
65.479"  5840.734"  0.024" 0.003" 3 (Time) o
0.590 ™ 745.970" 0.005" 0.001 ™ 15 Level) * (Time) ol # waw

0.489 1.323 0.045 0.006 48 (Miss) Uax

14.380 8.620 3.180 0.560 - (Coefficient of variation) &l ,oa5 <y 2

.)b;;).d QW}"))?} eJ&)’/.O Cla‘”)é)bgf."‘ sl N Cla‘”)é)bgf."‘ sl \.‘,:JJ:‘A._vn E)

** % and ™ significant at 0.01 and 0.05 probability level and no significant, respectively.
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Table 5. Effects of incubation duration and poultry manure levels on soil pH and EC.

oo st
Properties (ole) Sl Olay e (Ao 2) F 0 255 b yuae pxlans
Incubation duration (month) Consumption level of poultry manure (%)
EC (dS m™) pH

230¢ 7.91°%* (First) J!

2308 7.92°% (Second) ¢ 5

2.30¢ 7.92% (Third) ¢ 5 0
2.28¢ 7.927% (Fourth) o lex

231" 7.90 (First) J!

2321 7.90 (Second) 5>

2.27¢ 7.92® (Third) o 5. 0
2.28¢ 7.90 (Fourth) o lex

235" 7.870d (First) J|
2.40 7.870d (Second) ¢ 5
2.40 % 7.85 % (Third) o s 1
2.48 % 7.82°F (Fourth) ¢ ;L=

2.44 %t 7.81°¢ (First) Js!

2.50 % 7.83 (Second) 55

2.52% 7.80 " (Third) ¢ 5 ?
2569 7.79° (Fourth) ¢ ;L=

2.85°¢ 7.73 ¢ (First) J!

2.91° 7.70 & (Second) 55

2.92"% 7.70 € (Third) o s ‘
2.98° 7.67" (Fourth) ¢ ;L=

2.90" 7.61* (First) J!

3.10° 7.63 3% (Second) 55

3.10° 7.61% (Third) ¢ 5 ;
3.14° 7.61% (Fourth) o lex

v
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Table 6. Effects of incubation duration and biochar levels on soil pH and EC.

Sl st
Properties (ole) Sl Olay s (Ae ) Sl s G e ehas
Incubation duration (month) Biochar consumption level (%)
EC (dSm™) pH

2.31°¢ 7.92° (First) J

2.31°¢ 7.92° (Second) ¢ 5

2.31°¢ 7.92° (Third) o 5. 0
2.31°¢ 7.91° (Fourth) o lex

2.31°¢ 7.92° (First) J

231° 7.91% (Second) ¢ 5

2.31°¢ 7.92° (Third) o 5. ?
231°¢ 7.91% (Fourth) o lex

231° 7.91% (First) J

231° 7.89 (Second) 55

2.31°¢ 7.89 % (Third) ¢ 5 *
231°¢ 7.89 (Fourth) ¢l

2.31° 7.88 (First) J

2.38° 7.870d (Second) 55

2.41° 7.84 " (Third) ¢ 5 °
2.40° 7.82 °f (Fourth) ¢ ;e

231° 7.88 (First) J

2.40° 7.85% (Second) 55

2.42° 7.83%¢ (Third) o 5. ’
2.42° 7.80 (Fourth) ;e

2.31° 7.84 ¢ (First) J!

2.42° 7.82°f2 (Second) 55

2.53° 7.81 °k (Third) ¢ 5 10
2.54¢ 7.80 8 (Fourth) ¢ ;e

A
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Table 7. Effects of incubation duration and levels of poultry manure on the concentration of heavy soil metals.
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Table 8. Effects of incubation duration and natural biochar levels on heavy metal soil concentrations.
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Abstract

Background and Objectives: Soil and plant contamination with heavy elements due to
industrial activities has adversely affected human health and has received much attention in
recent decades. Heavy metals can endanger soil, plant and human health by entering the soil
cycle and food products. In order to reduce the harmful effects of heavy metals on the soil
ecosystem and food pollution, a factorial experiment was conducted in three replications in a
completely randomized design in a greenhouse. The aim of this study was to investigate the
effect of different amounts of natural biochar and poultry manure on the fertility of zinc and
cadmium elements in a contaminated soil.

Materials and Methods: In order to conduct this research, first different levels of poultry
manure (zero, 0.5, 1, 2, 4 and 8% by weight) and natural biochar (zero, 2, 4, 6, 8 and 10%
Weight) were added separately to a contaminated soil. Then, 4 levels of incubation were applied
to the moisture capacity of the farm (1, 2, 3 and 4 months). At the intervals mentioned from the
pots, sub-samples were prepared and transferred to the laboratory. After drying in the oven at a
temperature of 50-55 °C was taken pH, EC, the total and absorbable amount of zinc and
cadmium elements in them.

Results: Comparison of mean effects of incubation and poultry manure and biochar levels
showed that with increasing consumption level and incubation, soil pH decreased by 3.9% and
1.4%, respectively and EC amount by 36.5 and 10.4 percent increased. There was a statistically
significant difference between the control treatment of the control or the zero level of poultry
manure and biochar with the treatment of 8% of poultry manure and biochar (statistically 5%
probability level). With increasing incubation and levels of poultry manure and natural biochar,
the adsorbent concentration of zinc and soil cadmium decreased significantly (P<0.05), which
decreased in treatments containing poultry manure for zinc and cadmium, respectively, 19.9 and
29.5 percent and in treatments containing natural biochar, zinc and cadmium were measured as
28.4 percent and 22.7 percent, respectively. In poultry manure treatments, the lowest zinc and
cadmium concentrations extracted with DTPA extract in the fourth month and the consumption
level of 8% were 304.7 and 10.9 mg/kg, respectively, and the highest amount was observed in
the first month. Witness treatment (zero percent level) was observed to be 380.2 and 20.0
mg/kg, respectively. In treatments containing natural biochar, the lowest amount of zinc and
cadmium extracted with DTPA extract in the fourth month and 10% consumption level were
272.4 and 12.9 mg / kg, respectively, and the highest amount was treated in the first month. The
control (zero percent level) was observed to be 380.3 and 20.7 mg/kg, respectively.

* Corresponding Author; Email: z.khanlari93@gmail.com
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Conclusion: According to the results of this study, the use of biochar and manure fertilizer
caused a decrease in the concentration of absorbable heavy metals studied in the soil. Although
treatments containing biochar and manure reduced the adsorption concentration of metals in the
soil, the concentration of adsorbent metals in the soil decreased further with increasing levels of
poultry manure and biochar and the incubation of the soil. In general, it can be stated that the
application of poultry manure and natural biochar in the soil is an effective method to reduce the
toxicity and absorbable concentration of heavy metals in the soil and also increase the yield and
quality of agricultural products.

Keywords: Heavy metals, Incubation, Natural biochar, Poultry manure
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