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Introduction

Heavy metals such as lead, aluminum, mercury, copper, cadmium, nickel, and arsenic are now commonly found
worldwide. Among these, cadmium and lead are the most hazardous, posing significant risks to both the environment
and human health. Cleaning soils contaminated with organic and inorganic contaminants is one of the most significant
and fundamental challenges facing society today. One effective method for soil purification is to extract or immobilize
the contaminant within the soil.

Materials and Methods

It is unclear how water-soluble polymers contribute to the immobilization of heavy metals. The purpose of this
study is to examine how various polymers affect the immobilization of lead, zinc, and cadmium in the soil near a lead
and zinc mine in the province of Zanjan. A factorial experiment with three replications was conducted using a
randomized complete block design. The experimental treatments included one type of soil and three different kinds
of acrylic polymers (cationic, nonionic, and anionic) applied at four different levels (0, 0.05, 0.1, and 0.2). The
absorbable amounts of lead, zinc, and cadmium were tested at various intervals after the polymers were applied to the
soil samples. After that, SAS statistical software was used to examine the data. To do this, the Duncan multiple range
test was used to compare the means. The necessary tables and graphs were then created using Excel.

Results and Discussion

The findings demonstrated that, at 1% probability level, the kind of polymer had a considerable impact on the
amount of lead, zinc, and cadmium that may be absorbed in the soil. The average concentration of soil-absorbable
lead for the different types of polymers employed was 239.8, 260.15, and 267.65 mg/kg; anionic polymer had the
lowest concentration. Stated differently, anionic polymer decreases the capacity to absorb lead and stabilizes more
lead in the soil than the other two forms of polymer. Anionic polymers most likely have a stronger impact on soil
granulation. Additionally, at 1% probability level, the impact of acrylic polymer intake on the amount of lead, zinc,
and cadmium absorbable in the soil was considerable. With an increase in the amount of polymer utilized in the soil,
the greatest absorbable lead concentration (301.58 mg/kg) in the control treatment dropped to the lowest absorbable
lead concentration (0.2). It was possible to determine the polymer percentage and the lead concentration, which came
out to be 205.9 mg/kg of soil. Zinc concentration dropped as acrylic polymer consumption increased; in the control
treatment, absorbable zinc concentrations ranged from 0.2 to 83.5 mg/kg of soil, with 0.2 being the highest
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concentration. At 1% probability level, the impact of the polymer's contact time with the soil on the amount of lead,
zinc, and cadmium that the soil may absorb was significant. As a result, the tested soil had 414.52 mg of these elements
at the initial stage of polymer treatment. The quantity of absorbable lead in the soil became 66% immobilized after a
month, and after 720 hours, the amount of absorbable lead dropped to 141.83 mg/kg. As the polymer's contact time
with the soil increased, so did the concentration of absorbable zinc in the soil. At 1% probability level, there was a
strong correlation between the kind and amount of acrylic polymers and the amount of lead, zinc, and cadmium that
may be absorbed in the soil. The ingestion of 0.2% anionic polymer resulted in the largest amount of lead

immobilization, lowering the soil's absorbable lead concentration from 300 to 192 mg/kg of soil. A higher amount of

anionic polymer immobilized the lead, and both cationic and non-ionic polymers were positioned after it. Additionally,
anionic polymer was more prevalent than cationic polymer. It caused the non-ionic polymer's absorbable zinc to
become immobile. Following 720 hours of polymer treatment, the soil's absorbable zinc element was immobilized to
a greater extent by the anionic polymer (20%) than by the cationic and non-ionic polymers (26%), respectively. In
comparison to the original concentration, the largest amount of immobilization by anionic polymer after one month
was 78%, and the lowest amount of immobilization by nonionic polymer was 61%. Anionic polymer was 27% more
effective than non-ionic polymer, 18% more effective than cationic polymer, and stabilized more cadmium.

Conclusion

The results of this study showed that with increasing the duration of contact of polymers used with the soil,
the amount of mobility of heavy metals in the soil decreased and also with increasing the amount of polymer
consumption, the rate of metal stabilization in the soil increased. Anionic polymers immobilize more lead, zinc
and cadmium in soil. To reduce the mobility of lead, zinc and cadmium and improve the stability and increase
aggregation in soil, the use of acrylic polymer in contaminated soil is recommended.
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Table 1- Physical and chemical properties of the soil used in the experiment
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Figure 2- Comparison of the means of the effect of acrylic polymer application rate on extractable concentrations of lead (a),
zinc (b), and cadmium (c) in soil
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Figure 3- Comparison of the means of the effect of contact time of acrylic polymers on the extractable concentrations of lead

(a), zinc (b), and cadmium (c) in soil
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Figure 4- Comparison of the mean effects of type and consumption of acrylic polymers with soil on the concentrations of lead
(a), zinc (b) and cadmium (c) absorbable soil
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Table 4- Mean comparison of the interaction effects of polymer contact time, polymer type, and application rate on
extractable lead concentration and immobilized lead percentage in soil

B cdale BAEREAitS JB cdale
) P! Tl Pl T/ ol
Sl o o e
g O o by SK gy SB
W ovled ploy e 43 ol B e lude R Bl Sl 5 las Comd 2 gt M)’ 25 jlas 55 sl s 3
Sy S DTPA yosks g DTPA oy b aad DTPA - .
: e ) . P oy by
bmer contact consumption msail (S0 2 o S e T Leadsabiiasa by
polymel Concentratio  Lead stabilized — Con( _Jes§ ead stabilized by 99yl non-ionic polymer
with soil (hours) (percentage) h of soil Pb- by anionic cent(::tsizn cationic polymer cfg;if:::at poly!
DTPA polymer of soil Pb- ion of soil
extractable DTPA Pb-DTPA
(anionic extractable extractable
polymer) (cationic (non-ionic
polymer) polymer)
0 293.7 0Oy 300, 0y 300, 0y
0 0.5 4404 0y 5764 0y 528 0y
1 375.1¢ 0Oy 542.3p 0y 525.3; 0y
2 357.2 0y 352.3, 0y 384.3, 0y
0 3033, Ob 300, Ob 300, 0y
3 0.5 322.3j Ob 345.2; 0y 350.84 0y
1 314.8, 0y 320.34 0y 347; 0y
2 305.5¢pq 0Oy 313.8, 0y 343.8; 0Oy
0 308.7, O 3050pq O 3050 O
9 0.5 315, 0Oy 319%m 0y 325; 0y
1 2717, 8.15, 312.5, 0y 315m 0y
2 251 16.8,, 253, 16.1,, 314, 0y
0 30709 O 304per O 304pqr O
24 0.5 314, 0y 316imn 0y 319%m 0y
1 178, 40.89, 277, 8y 282, 6.4,
2 171, 43 210, 304 248, 17.4,
0 302, 0 300, 0y 300, 0y
72 0.5 274, 9.2, 282, 6.4, 294.7 2.3,
1 164, 45.56, 172, 42y, 180.2,, 40.26,
2 1584 47.28, 164, 45.45, 170.80, 43.35;
0 299, O 300, b 300, O
168 05 172, 42, 180.3, 40, 193, 35,
1 135 55, 163, 45, 172, 42,
2 119, 60; 120y 60j 132f, 56k
0 30350 O 300, " 300, O
236 05 164.2, 455, 171, 4318, 1835, 39.1,
1 109.3; 63.7, 131, 561 1413, 53,
2 101y 664 116; 61; 109; 63.69,
0 3014 0 300, *b 300, 0y
720 0.5 82, 73; 104 654 110; 63,
1 78, 74, 90 70, 95l; 68.27¢
2 72, 764, 82, 72 87m 714

bl o oy S Jloss ] o 55 5 gime BMA] WBB Sy By b o n Sl g o )
In each column, the mean with common letters have no significant difference at the one percent probability level.
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Table 5- Mean comparison of interaction effects of experimental treatments on extractable soil zinc concentration and
percent zinc immobilization
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Table 6- Comparison of the means of the interaction effects of experimental treatments on the concentration of extractable
cadmium in soil and the percentage of immobilized cadmium
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