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Growing of urban and industrial societies, appearance of metropolis and increasing of municipal soiled wastes as well as many urban difficulties all are serious threats to the environment and public health of any given society. These problems in addition to soil and water resources pollution are needed to be attended seriously. Since plant roots greatly develop in soil surface and with entering the different waste compounds into soil through irrigation water or other pollutants resources, crops growth and their quality is affected, harmful compounds such as heavy metals through crops enter to the life cycle and threat human health as well. The objective of this research is the study of accumulation of heavy metals such as cadmium, lead, and zinc in different depths of soil to maximum 30 Cm. So, three soil treatments including undisturbed (U), disturbed (D), and disturbed with 3 percent of organic matter (O) prepared and leached by 20 mg/l solutions of cadmium, lead, and zinc elements for one month. In the end the concentration of any elements were measured in different depths of soil treatments. The results showed that elements accumulation has a significant difference at 1%, so that cadmium and zinc accumulation were low and high respectively. Also, the accumulation of cadmium and lead were the highest amounts in U treatment and their accumulation were the lowest in O treatment, but zinc accumulation was the highest in D treatment. In addition, the highest amounts of elements were observed at the surface of soil and with increasing the depth it decreased, so that the highest amounts of lead and cadmium accumulation were from the depth of 4 to 6 centimeters in U treatment, but the highest amounts of three elements in D and O treatments were observed from soil surface to the depth of  2 centimeters.
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Introduction

Heavy metals are ubiquitous in soils, but concentrations indigenous to cropland soils do not appear to be harmful to plant growth (Chang et al., 1984). Once heavy metals are introduced into croplands, they can take up by plants and subsequently become incorporated into the food chain. If heavy metals leach through the soil, they may also contaminate ground water (Emmerich et al., 1982).

The movement of contaminants through the soil profile is a legitimate concern of society. Specifically, the potential for movement of sludge-borne trace metals beyond the plant root zone is of concern (Dowdy et al., 1991). The preferential flow pathways provide a route for solute to move rapidly below the biologically active root zone (Steenhuis et al., 1995). Leaching of waste chemicals into and through the vadose zone presents serious problems for contaminating the soil matrix, soil solution, and the underlying groundwater (Ying and Zheng, 1999). In the past decades, tremendous efforts have been devoted to the investigations of fate and transport of waste chemicals, particularly agricultural chemicals, through the vadose zone (Di and Alymore, 1997).

Knowledge of the movement of heavy metals is based preliminary on homogenized soil column studies, and under these conditions none of heavy metals is considered to be mobile except perhaps in very acid or coarse textured soils (Camoberco et al., 1996). Therefore, this study was conducted to measure the effect of soil distribution and organic matter on Cd, Pb, and Zn in different depths of soil to maximum 30 Cm.

Materials and Methods

In order to study the accumulation of Cd, Pb, and Zn in soil profile, an experiment was conducted as a factorial-split plot based on competently randomized design with three replications. The main treatments were undisturbed (U), disturbed (D) and disturbed soil with 3% organic matter (O) and sub-treatments were 20 mg. L-1 solutions of Cd, Pb, and Zn heavy metals.

The polyethylene culvert pipes with inner-diameter of 20 Cm and height of 35 Cm was prepared for soil samples. To sample the undisturbed soil, the pipes were entered soil to 30 Cm depths. Then the periphery of Columns was hand–excavated to 35 Cm depthh and the soil columns were carried out to laboratory. Soil for disturbed columns was excavated from the same site (0-30Cm depth), but the soil was pulverized to break up any aggregates before it was placed in the column. The soil was packed in layers  (0-30 Cm depth) to simulate the bulk density and horizontation of the undisturbed soil.

For preparing the soil treatment with organic matter, the percent of organic matter of the same soil was measured (0.7%). Because 3% of organic matter had been regarded for this treatment, so the residual of organic matter was added to soil from substra of fungi which it was a product of wheat stream. The organic matter was pulverized and mixed with soil. Similar to disturbed columns, these organic soil was packed (0-30 Cm depth) in layers to simulate the bulk density and horizontation of the undistributed soil. 

After preparing all columns, the foam was placed between the inner periphery of columns and the soil. Then these columns were leached with 20 mg/lit solutions of Cd(No3).2H2o , Pb(No3)2 and ZnCl2 for one month individually. After the leaching of soil columns was finished, soil was sampled from different depths as following: from 0 to10 Cm depth five samples with 2 Cm height, from 10 to22 Cm depth three samples with 4 Cm height and one sample from 22-30 Cm. Then these soil samples were air-dried and sieved (2 mm). Heavy metal contents of the soil were determined by analyzing the HNO3 extracts of the soil (digesting 2 gr of soil in 15 ml of 4 M HNO3 at 80 oC overnight, diluted to 100 ml, and filtered) using atomic absorption spectroscopy.

In addition some soil properties such as texture (according to pipette method, loam), percentage of lime (calcimetric, 5.6%), pH=8.2, EC=1.1, CEC=32.6 Cmol/kg and paresis were measured .

Results and Discussion

Comparison of Cd, Pb and Zn concentration in soil profile

Figure 1 shows the amounts of Cd , Pb , and Zn in different soil treatments at 1%. As it has been showed in this figure, the concentration of Cd, Pb, and Zn had a significant different in different soil treatments. So that, the amount of Cd and Pb in U treatment were the highest and they were the lowest amount in O treatment. The concentration of Zn in D treatment was the highest that it was significant to U and O treatment, but the concentration of Zn in U and O treatment was not significant (1%).  

It seems that the reason for increasing of Cd and Pb in U treatment was the bypass flow of these metals, structure and macropores. In U treatment due to structure, in addition to vertical macropores and cracks, there are horizontal pores that cause horizontal flow. As a result of this flow, the interaction between soil matrix and solution take place and the metal adsorbed. In addition to accumulation of heavy metals in soil surface, due to structure and macropores, they were moved into down layer of soil and accumulated there. But in other treatments the metals accumulated only in soil surface and because of the concentration in those treatments are the average concentration of metals in all depth. So, the mean concentration of metals in U treatments is the highest. 
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Comparison of Cd, Pb, and Zn concentration in different soil depths

1. Cd  

Table l shows the concentration of Cd at different depth of soil treatments. According to this table, the concentration of Cd from 0 to 14 Cm depth of U treatment had a significant difference at 1% and in lower depths, Cd concentration has decreased and it was not significant. In addition, the highest concentration of Cd was at 4-6 Cm depth. Except of 4-6 Cm depth Cd concentration has decreased from soil surface to lower depth. 

In D treatment, the highest concentration of Cd was observed at 0-2 Cm depth and its difference was significant in relation to lower depths. From 2 Cm depth, Cd concentration had a little difference. In other words its movement to lower depth was stopped. 

     





Table 1. Accumulation of Cd in different depths of soil treatments.

	Depth (Cm)
	U Treatment
	D Treatment
	O Treatment

	0-2
	128.7d
	231.0a
	149.9c

	2-4
	106.7e
	1.883i
	4.383hi

	4-6
	175.9b
	1.367i
	0.8833i

	6-8
	76.42f
	1.117i
	0.65i

	8-10
	12.8g
	0.7i
	0.4033i

	10-14
	10.37gh
	0.6533i
	0.4733i

	14-18
	1.217i
	0.4667i
	0.3367i

	18-22
	0.9667i
	0.45i
	0.2933i

	22-30
	0.8833i
	0.2667i
	0.2067i



In O treatment the trend was as similar as D treatment and the highest amount of Cd was observed at soil surface  (0-2 Cm depth). Any significant difference was not fund after 0-2 Cm depth. With regard to the results of other researchers we can say the reasons of significant decreasing of Cd concentration in D and O treatments are the solution has passes through the soil matrix (Camoberco, 1996) and because Cd+2 ions can retain by exchangeable processes and also there is a high correlation between Cd retention and exchangeable bases and pH (McBride, 1981), therefore when Cd was added to soil it adsorbed by soil particles. But in U treatment probably, vertical macropore discontinued, so that the solution flow horizontally and Cd adsorbed by soil particles at this depth (4-6 Cm). Similar results for undisturbed soils were reported by Lund et al ( 1976 ) and Kabata–Pendias and Pendias (1992 ) .
2. Lead 

Table 2 shows the concentration of Pb in different soil treatments i.e. U, O and D treatments. In U treatment, the trend was as similar as Cd. The concentration of Pb was decreased significantly from 0 to 10 Cm depth and its concentration was not significant from 10-30 Cm depth (1%). Also, as well as Cd, concentration of Pb, at 4-6 Cm depth was the highest.

In contrast to U treatment, the highest concentration of Pb in D and O treatments was observed in soil surface (0-2 Cm depth), which it was significant in relation to lower depths in these treatments. The lower depths (2-30 Cm depths) have not had any significant difference at 1%.

Table 2. Accumulation of Pb in different depths of soil treatments.

	Depth (Cm)
	U Treatment
	D Treatment
	O Treatment

	0-2
	62.92e
	299.0a
	107.3d

	2-4
	46.5f
	40.12g
	37.72gh

	4-6
	224.9b
	36.5ghij
	36.5ghij

	6-8
	156.5c
	35.8ghijk
	33.5hijk

	8-10
	35.17hijk
	34.72hijk
	37.42gh

	10-14
	32.85ijk
	33.62hijk
	35.68ghijk 

	14-18
	34.23hijk
	34.37hijk
	34.15hijk

	18-22
	36.73ghi
	34.08hijk
	36.42ghij

	22-30
	35.73ghijk
	32.12jk
	31.52k



These results about the accumulation of Pb in soil surface consist with the result of other researchers. For example, Elliott et al. (1986) fund that metal oxides attracts Pb more than other elements. The reason for Pb accumulation at 4-6 Cm depth of U treatment as before reported is due to preferential flow pathway and macropores in soil surface. 

3. Zinc

Table 3 shows the mean of Zn concentration in different depths of soil treatments. As shown in this table, Zn concentration in U treatments is the highest at 0-2 Cm depth and it had a significant difference in relation to lower depths (2-30 Cm Depths) at 1%. Its concentration decreased significantly with depth from soil surface (0-2 Cm) to 8 Cm depth. But decrement of Zn concentration from 10 to 30 Cm depths was not significant at 1%.

In D treatment in spite of significant difference between soil depths in many cases, it was not observed any certain trend of decreasing or increasing of Zn concentration in soil profile. But from 14 Cm depth, its concentration decreased clearly. Some researchers have reported similar trends (Tyler et.al,1982; williams et al, 1987).

In O treatment as similar as U treatment, Zn concentration was the highest in soil surface (0-2 Cm depth) and its difference was significant in relation to lower depths at 1%. The decrement of Zn concentration in O treatment was not significant from 6 to 18 Cm depths. In addition, there was not any significant difference between 18-22 Cm and 22-30 Cm depths.

                 Table 3. Accumulation of Zn in different depths of soil treatments.

	Depth (Cm)
	U Treatment
	D Treatment
	O Treatment

	0-2
	145.6a
	106.633hi
	123.6bc

	2-4
	109.467h
	119.467de
	113.0g

	4-6
	104.633ijk
	99.333mn
	106.967hi

	6-8
	102.6jkl
	121.5cd
	107.467hi

	8-10
	99.233mn
	117.167ef
	106.767hi

	10-14
	99.2mn
	114.433fg
	106.367hi

	14-18
	98.4n
	125.767b
	105.367ij

	18-22
	97.6n
	118.4e
	102.133klm

	22-30
	97.2n
	113.5g
	99.6lmn



Zn concentration in the soil surface of undisturbed soil was 145.6 mg.Kg-1 and its decrement in the lower depth was not suddenly and in many cases, in same depth its concentration in U treatment was less than D treatment which it was probably due to preferential flow pathway. Also in O treatment, Zn concentration in same depth was less than D treatment, which it shows organic complexes, have moved Zn from the soil surface. These results consist with the results of Udo et al (1970), because they fund high correlation between organic matter and Zn concentration in soil.

The effects of preferential flow pathway as observed in this study, has been demonstrated many researchers such as Dowdy et al. (1991), Glass et al. (1980), Kung (1990), and Steenhius at al. (1995).
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 Figure 1. Accumulation of Cd, Pb, and Zn in soil different treatments. 
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