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Table 1. Physico-chemical properties of soil used in this research.

o i ey S SE
~ s JS wests Sk il aad a
5558 Jsls oslid L St Jlee S LSS s
CEC Available P Total Cadmium  Calcium Carbonate  Soil Texture o 1
(Cmol (+)kg" soil) (mgkg") (mgkg") Equilibrium(%) class 0C() EC(dS m™) pH
10.8 20 ND* 10 Loamy 0.1 1.04 7

350 il oder ol Al gt (5 S o310l LG ND*

o ol 53 ekl 5, 50 STl (5 g L) s graS Sl S Y Jor
Table 2. Arak municipal waste compost characteristic used in this research.

O35, Lo 3 B
S o LY B P
Fow Feor Feo slisl L 55 S ons S S e s
Total Zn  Total Pb  Total Cd  Available P Total N(%) ocC EC (1:5) pH(1:5)
(mgkg') (mgkg') (mgkg)  (mgkg) - % ds m’
100 20 1 172 1.4 16 2.3 7.5
A ol 53 ekl 540 S g S S Y dgdr
Table 3. Zeolite characteristic used in this research.
S5 bt G S
Zeolite chemical properties
EC pH PZOS MnO F6203 TIOZ Kzo NaZO MgO CaO A1203 SIOZ j‘t“
sm' o~ % % % % % % % % % % E(lsv“;’%‘)ts
0.1 7.44 0.08 0.02 2.2 0.1 3.3 5 0.3 4 16.1 68
S5 S sl S
Zeolite physical properties
5 S gl S Ao L N S Ry
Zeolite mineral Cation Exchange Capacity Particle density Bulk density
color 01 . 3) 3
percentage (cmol+ kg™ soil) (grcm (grcm™)
R e 90-94 165-182 2.2 1
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Table 4. Analysis of variance effect of municipal waste compost, zeolite and cadmium on soil chemical

properties and soil and plant Cd concentration.

Sl e (1 Sle
mean of squares 4
s s Sojlae LG asls 5 L 5 = ok
o = S
= = Srelar JB s = ST os a e Sources of variations
ol : DTPA L 3\S Jsls : g df
5 Ay d 58 sl oc pH
Shoot Cd Root Cd DTPA-extractable Cd CEC
) . ) S
0.096™ 26.336%* 0.108%* 0.003* 0.077™ 0.070™ 2 *
Block
271.404%%  21004.010%* 125.300%* 102.376** 3.646%*  1.828%* 2 S
compost
88.605* 4258.720%* 32.280%* 0.026%* 0.126™ 0.188™ 1 =7
Zeolite
. ) . s
826.004**  59567.487** 445.687** 0.023™ 0.077™ 0.101™ 4 =
Cd
4517%* 549.736** 0.738** 0.051%* 0.116®  0319® 2 953X Lo
Compostx Zeolite
. ) ) S xc
52.336%* 1697.726* 13.135%* 0.027™ 0.084™ 0.123™ 8 3l X
Compostx Cd
X X X Sx o5
12.972%* 320.249%* 3.261%* 0.022™ 0.091™ 0.140™ 4 (DX e
Zeolitex Cd
1.791%* 166.589** 0.437%* 0.014™ 0.084™ 0.120™ 8 (08 X 5 X g
Compostx Zeolitex Cd
s
0.137 6.655 0.063 0.013 0.088 0.069 58
Error

Aoy }Odu}lcﬁﬂﬁ)b&mub&m,}\ﬁ&f“q

"8 * % Non-significant, significant at 5 and 1 percent probability level, respectively.
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Figure 1. Primary effect of applying municipal waste compost on soil pH (A) and OC (B), Cy, C; and C, are
applying 0, 15 and 30 Mg ha™' municipal waste compost, Means followed by the same letter in each column are
not significantly different (P=0.05, LSD).
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Figure 2. Interaction effect of municipal waste compost and zeolite on cation exchange capacity, Cy, C,; and C, are
applying 0, 15 and 30 Mg ha™ municipal waste compost, Z, and Z, are zeolite applying as 0 and 10% (W/W).
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Table 5. Effect of municipal waste compost, zeolite and cadmium on DTPA-extractable Cd (mg kg™).
Z] Cd20 Z] Cd] 5 Z] Cd] 0 Z] Cd5 Z] Cd() Z()Cdz() Z()Cd] 5 Z()Cd] 0 Z()Cd5 Z()Cd() Treatment

16.1° 1217 16.9% 2.6° ND 17.3% 13.2¢ 8.1} 32"  ND* G,
12.8° 102"  s51™ 1.49 ND 14.1°  11.7¢ 6.8 2.1° ND C
102" 7.1% 320 0.6" ND 121° 921 51™ 1.39 ND G,

3208 Jold o e Cdi 5 Cds Cdg (58 by S gaS SUSn 3 p S Y 510 ¢ slie 58 ol w5 54 Gy 5 €1 G
3 oS @oltel Tl e S5 o Ao Vs slie 58 7y 5 Zy oS PSS 53 eslS 0 S e Ve 500 ol
5 R0 dey3 0 e 53 LSD Ope3l (ol (ols ime Dl (oLl i 51 il e (bl alie Cig gl sy b Ot

2 il ol ol a5 ,So31l L5 ND”

Cy, C, and C, are applying 0,15 and 30 Mg ha™ municipal waste compost, Cdy, Cds and Cd,, are applying 0, 5 and 10
mg Cd kg soil, Zy and Z, are zeolite applying 0 and 10 %(W/W), Means followed by the same letter in each column
or row are not significantly different (P=0.05, LSD), ND: Not detectable by atomic absorption spectroscopy.
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Table 6. Effect of municipal waste compost, zeolite and cadmium on corn root cadmium concentration (mg kg™).
Z] Cdz() Z] Cd] 5 Z] Cd] 0 Z] Cd5 Z] Cd() Z()Cdz() Z()Cd] 5 Z()Cd] 0 Z()Cd5 Z()Cd() Treatment

424° 2547 163" 8.6 ND 502 30¢ 208 112 ND* G,
36.4°  20.2° 1131 6.4M ND 413% 2487 158" 8.1} ND C
2437 15.8" 6.8" 2.1™ ND 3129 19.3¢ 1031 53! ND G,
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Co, C, and C, are applying 0,15 and 30 Mg ha™ municipal waste compost, Cdy, Cds and Cd,, are applying 0, 5 and 10
mg Cd kg soil, Z, and Z, are zeolite applying 0 and 10 %(W/W), Means followed by the same letter in each column
or row are not significantly different (P=0.05, LSD), ND: Not detectable by atomic absorption spectroscopy.
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Table 7. Effect of municipal waste compost, zeolite and cadmium on corn shoot cadmium concentration (mg kg™).

Z,Cdy  Z,Cdis  Z,Cdyy  Z,Cds  Z,Cdy ZoCdy  ZoCdis  ZoCdyy  ZoCds ZoCdy Treatment
2.8° 1.3° 125 09¢ ND 3.6° 2.1¢ 1.6° 127 ND* C,
2.149 0.8%" 0.6 04" ND 2.6° 1.3f 098¢ 07" ND C
0.6" 04 02™ 0.1™ ND 1.2f 0.9¢ 0.5% 03™ ND C,
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Cy, C; and C, are applying 0,15 and 30 Mg ha’! municipal waste compost, Cdy, Cds and Cd,, are applying 0, 5 and 10
mg Cd kg soil, Zy and Z, are zeolite applying 0 and 10 %(W/W), Means followed by the same letter in each column
or row are not significantly different (P=0.05, LSD), ND: Not detectable by atomic absorption spectroscopy.
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Abstract

Background and Objectives: Application of organic amendments as a cheap material is
increasing to modify soil physical, chemical and biological properties of arid and semi-arid
regions. Applying municipal waste compost can probably increase soil pH, organic carbon percent
and cation exchange capacity and thereby decreasing heavy metal availability such as cadmium.
On the other hand, applying soil natural clay such as zeolites can probably increase cation
exchange capacity that decreases the heavy metal availability in soil and plant. However, this may
be affect soil nutrition availability. This research was done to investigate the effect of applying
Arak municipal waste compost and zeolite on decreasing cadmium availability in a loamy soil.
Materials and Methods: A loamy, non-saline soil with low organic carbon percent was sampled
from soil surface layer (0-15 cm) in the research field of Arak Azad University. A factorial
experiment with a randomized complete block design with 3 replications was conducted in
greenhouse conditions. Treatments were consisting of applying Arak municipal waste compost at
the rates of 0, 15 and 30 Mg ha™. The soil was polluted with cadmium from cadmium chloride
source at the rates of 0, 5, 10, 15 and 20 mg Cd kg™ soil and incubated for one month. On the
other hand, zeolite clay (clinoptilolite) was added to the soil at the rates of 0 and 10% (W/W).
Then, corn (Zea mays L. single grass 704) seeds were sown. After 60 days from the experiment,
soil physio-chemical properties and soil and plant Cd concentration were measured.

Results: The results showed that increasing application of municipal waste compost from
0 to 30 Mg ha™' significantly increased CEC (3 units) and pH in the soil under growth of corn.
Increasing the amount of Arak municipal waste compost from 0 to 15 and 30 Mg ha™ in a
20 mg Cd kg™ soil without applying zeolite, caused a significant decrease in DTPA-extractable
Cd by 19 and 30%, respectively. Similar to this result, root and shoot Cd concentration were
decreased, as, applying 30 Mg ha” Arak municipal waste compost (in a soil polluted with
20 mg cd kg™ soil) without receiving zeolite caused a significant decrease in root and shoot Cd
concentration by 37 and 66%, respectively. In addition, applying 10% (W/W) zeolite clay in a
cadmium polluted soil (20 mg Cd kg "'soil) without municipal waste compost decreased the
DTPA-extractable Cd by 7%. Root and shoot Cd concentration was also decreased by 16 and
23%, respectively.

Conclusion: The lowest DTPA-extractable Cd was in a 5 mg cadmium polluted soil treated
with 30 Mg ha™ municipal waste compost and 10% (W/W), white the greatest amount of
DTPA-extractable Cd was observed in a polluted soil with 20 mg cd kg™ soil without receiving
municipal waste compost and zeolite. The result of this experiment showed that applying zeolite
and Arak municipal waste compost can increase the cation exchange capacity and thereby
decreasing cadmium concentration in soil or plant. However, the other effect of applying
organic amendments cannot be ignored.

Keywords: Municipal waste compost, Cadmium, Zeolite, Corn, Soil pollution
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