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 Abstract                           
Background: In order to optimize the use of industrial 
wastewater, proper management practices should be applied for 
wastewater treatment. Thus, this study was done to evaluate the 
effect of iron slag enriched cow manure, zeolite and pumice on 
the sunflower Pb concentration in a soil irrigated with wastewater 
of battery factory.
Methods: In this descriptive study, treatments consisted of 
applying iron slag (0, 1 and 2 % (W/W)) enriched cow manure 
at the rates of 0 and 30 t/ha, using zeolite (0 and 2 % (W/W)) 
and pumice (0 and 8 % (W/W), and sunflower irrigation with 
the wastewater of battery factory mixed with well water with the 
ratio of 1:1 and 1:2 (water/wastewater). After 60 days, the plant 
was harvested and the concentration of Pb and Fe was measured 
using atomic absorption spectroscopy. The SOD enzyme activity 
was also determined.
Results: Application of 2% zeolite and 8% (W/W) pumice 
significantly decreased the Pb concentration of the soil irrigated 
with the wastewater at the ratio of 2:1 (wastewater/water) by 8.1%, 
respectively. The plant Pb concentration was also increased by 
11.2 and 13.3%, respectively. The SOD enzyme activity showed 
a similar trend with the plant Pb concentration. Enrichment 
of cow manure with iron slag significantly decreased the Pb 
concentration of the plant that was irrigated with the wastewater 
at the ratio of 2:1 (wastewater/water) by 11.3% 
 Conclusion: Iron slag enriched cow manure, pumice and zeolite 
significantly decreased the soil and plant Pb concentration of the 
soil and plant that was irrigated with wastewater. 
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Introduction

Regarding the increasing population growth, the 
consequent increase of water demand and limited water 
resources, the importance of recycling wastewaters as a 
reliable resource of water supply and protection of the 
environment become more evident. In spite of the fact 
that more than 80 percent of the earth surface is covered 

by water, freshwaters constitute only a small part of this 
amount.1 Freshwaters are not uniformly distributed on 
the earth, and only 62 percent of the freshwaters of lakes, 
rivers, and groundwater are available to human.2, 3

Renewable freshwater cannot supply agricultural, 
industrial, and urban consumption needs. Thus, 
humans will seek for other alternatives such as recycled 



138 

Baghaie AH, Mirzaee R

J Health Sci Surveillance Sys July 2019; Vol 7; No 3

wastewater, urban wastewater, desalinated sea water, 
and other marginal-quality waters. As wastewater 
is considered as polluted freshwater and the cost of 
treating it for irrigation is far less than that of irrigation 
by other marginal-quality waters, wastewater reuse is 
considered as a way of compensating for some water 
needs. Therefore, wastewater reuse can provide a 
reliable resource for dry years.4, 5

On the other hand, due to poisoning effects and 
accumulation in the food chain, wastewater pollution 
is currently important from the environmental 
aspects. One of the main sources of heavy metal 
pollution is the existence of different industries such 
as battery manufacturing that can cause the release 
of lead. Thus, penetration of wastewater into th 
soil can lead to accumulation of large amounts of 
heavy elements in soil depending on the wastewater 
pollution degree.6-8 It can cause environmental risks 
in long term. Lead and some other heavy metals 
such as cadmium and chrome are declared as toxic 
pollutants by US Environmental Protection Agency. 
According to the standards reported by the Iranian 
environmental standard organization, the maximum 
standard concentration of Pb is determined as 1 mg/l. 

Regarding the increasing use of sewage and sludge 
resulting from wastewater treatment for irrigation, 
especially in suburbs in developing countries, it is 
important to investigate the penetration of heavy 
elements into the soil in terms of accumulation of 
toxins in the soil, absorption of them by plants, and 
groundwater pollution.7, 9 Therefore, it is extremely 
important to investigate and find proper solutions 
for wastewater treatment for its use, especially in 
arid and semi-arid regions. One of the common 
methods of wastewater treatment is physicochemical 
method (including sequestration neutralization by 
lime and sodium carbonate). It is worth mentioning 
that in spite of high efficiency, such methods have 
some disadvantages such as high cost of chemicals 
and equipment and the probability of pollution of 
new compounds as a result of incomplete reactions 
between heavy metals and chemicals.10, 11

It is worth mentioning that using compounds with 
a high specific surface area such as zeolite or pumice 
in wastewater treatment can significantly increase 
the absorptive capacity of the soil and decrease the 
heavy metal pollution resulteing from penetration 
of wastewater into the soil.12, 13 Zavvar Mousavi et 
al. evaluated the effect of Semnan natural zeolite on 
removal of heavy metal in wastewater and concluded 
that zeolite could be used as an adsorbent for removal 
of some heavy metals ion from wastewater; they 
reported that the adsorption percentage increased 
with the increasing amount of the sorbent. According 
to their results, the optimum metals adsorption 
percentage was 99.2, 85.8, 66 and 47% for Pb(II), 

Cu(II), Zn(II) and Cd(II), respectively. The optimum 
zeolite amount was selected as 1g per 100 mL solution 
containing heavy metal ions.14

Considering the fact that in the arid and semiarid 
regions of the country, the amount of organic matter is 
low, it is necessary to use organic additives such as cow 
manure. On the other hand, due to the lack of water 
resources in these areas, irrigation with renewable 
resources such as wastewater can contribute to the 
plant growth in these areas. However, wastewater 
is often contaminated with heavy metals and needs 
to be treated. Using organic amendments with high 
specific surface area such as zeolite or pumice in the 
soil can help to decrease the toxicity of heavy metal 
wastewater.15, 16 On the other hand, enrichment of cow 
manure with iron slag can improve the nutritional 
conditions of the plant and contribute to higher 
plant growth and less heavy metal uptake. Thus, 
this research was conducted to evaluate the effect of 
iron slag enriched cow manure, zeolite and pumice 
on the sunflower Pb uptake in a soil irrigated with 
wastewater of battery factory.

Materials and Methods

In order to treat the wastewater of the battery factory 
and reuse it for irrigation water, this experiment was 
designed to investigate the effect of iron slag enriched 
cow manure, zeolite and pumice on the sunflower Pb 
uptake in the soil irrigated with wastewater of battery 
factory as greenhouse experiment with three replicates. 
This study was done as a factorial experiment in the 
layout of randomized and completely blocked design 
treatments (48 treatments) consisting of applying iron 
slag (0, 1 and 2 % (W/W)) enriched cow manure at the 
rates of 0 and 30 t/ha, applying zeolite (0 and 2 % (W/W)) 
and pumice (0 and 8 % (W/W). The sunflower plant was 
used in this study and irrigated with the wastewater from 
a battery industry with the Pb concentration of 200 mg 
Pb/lit that was mixed with well water with the ratio of 
1:1 and 1:2 (water/wastewater).

For doing this research, a type of non-saline soil 
with the low organic carbon was selected. Then, the 
soil was amended with zeolite and pumice at the 
mentioned rates. Afterwards, the iron slag enriched 
cow manure was added to the soil at the rates of 0 and 
30 t/ha and incubated to equilibrium for two weeks. 
Selected properties of the soil and cow manure used 
in this experiment are presented in Table 1. 

Then, the plastic pots were filled with 5 kg soil 
amended with cow manure. Three seeds of sunflower 
(Helianthus annuus L.) were sown on the treated soil 
in the pots and irrigated with diluted wastewater at 
the ratio of 1:1 and 2:1 (wastewater/water). After two 
weeks, the seedlings were thinned to one plants per 
pot and grown for 8 weeks. It should be noted that for 
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prevention of the loss of nutrients and trace elements 
out of the pots, plastic trays were placed under each pot 
and the drained water was returned to the pot. After 
60 days, the plants were harvested and the Pb of the 
soil and plant was measured, using atomic absorption 
spectroscopy (Perkin-Elmer model 3030). In addition, 
the plant Fe concentration was also measured.17

Superoxide dismutase activity (SOD, EC 1.15.1.1) 
was determined as A550 in 50 mM phosphate buffer, 
0.1 mM EDTA, 1 mM NaCN, 0.01 mM cyt c, and 1 
mM xanthine, pH 6.0.18 A unit of SOD is defined as the 
amount of enzyme required to cause 50% inhibition 
of cytochrome c reduction.

The statistical analyses were performed according 
using ANOVA through SAS V.9.1 software. The mean 
differences were considered according to the least 
significant difference (LSD test). A P value of 0.05 
was considered as significant.

Results

Applying pumice, zeolite and iron slag enriched cow 
manure had a significant effect on decreasing the soil 
Pb availability; the results of this study showed that 
the greatest soil Pb availability belonged to the soil 
without receiving any organic amendment and irrigated 
with Pb polluted waste water (150 mg Pb/lit) (Table 2). 

Application of diluted wastewater at the ratio of 1:1 
(water/wastewater) compared to undiluted wastewater 
significantly decreased the soil Pb concentration by 
8.1%. However, applying zeolite and pumice also had a 
significant effect on reduction of the soil Pb concentration. 
Based on the results of this study, application of 2 and 
8% (W/W) zeolite and pumice significantly decreased 
the soil Pb concentration by 11.3 and 14.2%, respectively. 
On the other hand, adding 2% (W/W) iron slag to the 
soil significantly decreased the Pb concentration in the 
soil that received 2% (W/W) zeolite. 

Adding different ratio of wastewater to water had 
significant effect on plant Pb concentration (Table 
3). Based on the results of this study, the greatest 
plant Pb concentration belonged to the plants that 
were irrigated with the wastewater (2:1 wastewater 
to water), while the lowest that was measured in the 
plants which was irrigated with an equal ratio of 
wastewater and water. Increasing the ratio of water 
to waste water from 1:2 to 1:1, the Pb concentration of 
the plants grown in the zeolite (2% (W/W)) amended 
soil significantly decreased by 6.8%. Application of 
2 and 8% (W/W) zeolite and pumice significantly 
decreased the plant Pb concentration by 12.3 and 
14.8%, respectively. In addition, using iron slag had 
adverse effect on plant Pb concentration. Based on the 
results of this study, enrichment of cow manure with 
iron slag at the rates of 1 and 2 % (W/W) significantly 

Table 1: Selected properties of soil and vermicompost used in the study
Soil parameter Amount Cow manure parameter Amount
pH 7.3 pH 8.1
EC (dS-1) 0.8 EC (dS-1) 14.3
Organic Carbon (%) 0.2 Organic Carbon (%) 22
Soil Texture Loamy Total N (%) 1.3
Calcium Carbonate Equilibrium (%) 5 Total Pb (mg kg-1) ND
Total Pb (mg kg-1) ND Total Cd (mg kg-1) ND
Total Cd (mg kg-1) ND
CEC (c mol/kg soil) 10.1
ND: Not detectable by atomic absorption spectroscopy (AAS)

Table 2: The effect of iron slag enriched cow manure, zeolite, pumice and wastewater to water ratio on soil Pb concentration (mg/kg soil)

Iron slag (%) Pumice (%) Zeolite (%)

Cow manure (t/ha)
0 30

Wastewater to water ratio Wastewater to water ratio
1:1 2:1 1:1 2:1

0

0

0
55.3e* 59.8a 57.5c 58.5b

1 52.8g 58.6b 55.4e 57.2c
2 50.1i 57.4c 53.2f 55.6e
0

2
50.2i 57.1c 51.2h 53.4f

1 48.4k 55.4e 50.6i 52.1g
2 46.8m 53.4f 48.6k 50.7i
0

8

0
47.8l 56.4d 49.3j 55.2e

1 44.5o 53.1f 47.8l 52.7g
2 43.3p 50.9i 45.5n 48.3k
0

2
45.6n 55.2e 47.7l 53.2f

1 40.1q 51.7h 43.1p 49.7j
2 37.6r 48.5k 40.9q 45.4n
*Data with the similar letters are not significantly different (P=0.05)
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decreased the plant Pb concentration by 11.3 and 14.5 
%, respectively.

The greatest plant biomass was observed in the 
plant grown in the soil which was treated with iron 
slag enriched cow manure and irrigated with the lowest 
ratio of water to wastewater, while the lowest belonged 
to the plants watered by the equal ratio of water and 
wastewater (Table 4). The application of 2% (W/W) 
zeolite in the soil irrigated with the 2:1 and 1:1 ratio of 
wastewater to water significantly increased the plant 
biomass by 11.6 and 8.1%, respectively. Additionally, 
applying pumice showed similar results. For instance, 
using 8% (W/W) pumice increased the plant biomass 
by 13.6%. In addition, enrichment of cow manure with 
1 and 2% (W/W) iron slag significantly increased the 
plant biomass by 8.9%. The important result of this 
study was that the simultaneous application of zeolite 
and pumice had an additive effect on the wastewater 
treatment of battery factor. For instance, simultaneous 
application of zeolite and pumice significantly 
increased and decreased the plant biomass and plant 

Pb concentration by 11.3 and 14.3%, respectively. 

The greatest plant Fe concentration was measured 
in the plants cultivated in the soil amended with iron 
slag enriched cow manure, while the lowest belonged 
to the plants grown in non-treated soil (Table 5). 
Applying zeolite and pumice had a significant effect 
on increasing plant Fe concentration; the results of this 
study showed that applying 2% (W/W) zeolite and 8% 
(W/W) pumice significantly increased the plant Fe 
concentration by 8.8%. In addition, using 30 t/ha cow 
manure significantly increased the Fe concentration 
by 7.7% in the plant cultivated in the soil amended 
with 2% (W/W) zeolite. With increasing the dilution 
of wastewater from the ratio of 2:1 to 1:1 (wastewater 
to water), the plant Fe concentration significantly 
increased. However, the application of cow manure with 
diluted wastewater had additive effect on increasing 
plant Fe concentration. Based on the results of this 
study, plant Fe and Pb concentration had interaction 
effects. Soil Fe concentration showed similar results 
(Table 6). Based on the results of this study, the simple 

Table 3: The effect of iron slag enriched cow manure, zeolite, pumice and wastewater to water ratio on plant Pb concentration (mg/kg)

Iron slag (%) Pumice (%) Zeolite (%)

Cow manure (t/ha)
0 30

Wastewater to water ratio Wastewater to water ratio
1:1 2:1 1:1 2:1

0

0

0
50.2e* 55.8a 51.4d 53.6b

1 48.7g 53.9b 50.8e 51.8d
2 46.8i 52.5c 48.9g 50.5e
0

2
47.4h 53.8b 49.2f 52.4c

1 45.5j 51.6d 47.4h 50.3e
2 43.4l 50.5e 46.7i 48.7g
0

8

0
44.4k 50.3e 47.3h 48.4g

1 43.2l 49.1f 44.5k 45.8j
2 40.5m 48.4g 44.7k 44.7k
0

2
40.7m 48.3g 44.2k 45.2j

1 37.5m 47.6h 43.6l 44.5k
2 34.1n 45.4j 40.2m 43.2l
*Data with the similar letters are not significantly different (P=0.05)

Table 4: The effect of iron slag enriched cow manure, zeolite, pumice and wastewater to water ratio on plant biomass concentration (g)

Iron slag (%) Pumice (%) Zeolite (%)

Cow manure (t/ha)
0 30

Wastewater to water ratio Wastewater to water ratio
1:1 2:1 1:1 2:1

0

0

0
4.33i* 4.11k 4.53g 4.23j

1 4.45h 4.22j 4.64f 4.33i
2 4.56g 4.31i 4.75e 4.46h
0

2
4.42h 4.25j 4.61f 4.34i

1 4.53g 4.36i 4.74e 4.47h
2 4.67f 4.45h 4.84d 4.54g
0

8

0
4.57g 4.34i 4.71e 4.52g

1 4.69f 4.43h 4.85d 4.62f
2 4.78e 4.61f 5.03b 4.71e
0

2
4.72e 4.61f 4.87d 4.73e

1 4.89d 4.77e 5.00b 4.83d
2 4.95c 4.89d 5.15a 4.93c
*Data with the similar letters are not significantly different (P=0.05)

. 
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effect of applying zeolite and pumice (Figure 1) on 
decreasing soil Fe concentration was significant. 

Using Pb-polluted wastewater caused a marked 
elevation in superoxide dismutase (SOD) activity 
(Table 7). Based on the results of this study, a 
significant increase by 4.1% in the SOD enzyme 
activity was observed when the plants were irrigated 

with the battery factory wastewater with a rate of 2:1 
(wastewater/water). The plant Pb concentration showed 
a positive correlation with the SOD enzyme activity. 
Accordingly, with decreasing the wastewater/water 
ratio from 2:1 to 1:1, the SOD enzyme activity and 
plant Pb concentration were decreased. Soil amended 
with 2 and 8% (W/W) zeolite and pumice caused a 
significant decrease in the SOD enzyme activity. For 

Table 5: The effect of iron slag enriched cow manure, zeolite, pumice and wastewater to water ratio on plant Fe concentration (mg/kg)

Iron slag (%) Pumice (%) Zeolite (%)

Cow manure (t/ha)
0 30

Wastewater to water ratio Wastewater to water ratio
1:1 2:1 1:1 2:1

0

0

0
104.6w* 100.2x 151.9l 147.7m

1 106.5v 104.4w 154.2k 151.6l
2 108.9t 107.2u 160.4h 154.3k
0

2
107.8u 104.5w 157.7i 155.8j

1 111.3r 107.9u 160.2h 157.2i
2 113.7q 110.1s 163.1g 160.8h
0

8

0
110.8s 107.6u 164.8f 160.9h

1 113.9q 110.8s 166.4e 163.8g
2 114.8p 110.9s 167.9d 164.5f
0

2
114.2p 111.3r 168.8c 164.8f

1 116.7o 114.8p 170.4b 167.4d
2 119.5n 116.1o 171.3a 170.8b
*Data with the similar letters are not significantly different (P=0.05)

Table 6: The effect of iron slag enriched cow manure, zeolite, pumice and wastewater to water ratio on soil Fe concentration (mg/kg soil)

Iron slag (%) Pumice (%) Zeolite (%)

Cow manure (t/ha)
0 30

Wastewater to water ratio Wastewater to water ratio
1:1 2:1 1:1 2:1

0

0

0
36.9t* 34.3v 50.7i 49.8j

1 37.1s 35.2u 53.6g 52.6h
2 38.5r 37.6s 54.8f 53.9g
0

2
38.2r 37.1s 54.1f 50.3i

1 39.9q 38.5r 55.2e 53.1g
2 42.1o 39.8q 56.9d 54.1f
0

8

0
39.3q 38.7r 56.1d 53.5g

1 43.1n 39.5q 57.6c 55.1e
2 45.7l 40.4p 58.3b 56.1d
0

2
43.7n 40.7p 57.8c 55.5e

1 44.9m 42.3o 58.9b 57.7c
2 46.1k 43.1n 59.4a 58.8b
*Data with the similar letters are not significantly different (P=0.05)

Figure 1: The simple effect of applying zeolite and pumice on soil Fe concentration
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instance, a significant decrease by 6.4 and 8.4% was 
observed when the soil was amended with 2 and 8% 
(W/W) zeolite and pumice, respectively. Enrichment 
of cow manure with iron slag at the rates of 1 and 2% 
(W/W) had a significant effect on decreasing the SOD 
enzyme activity. The results of our studies showed 
that the SOD enzyme activity in the plants grown 
in the soil amended with 1 and 2 % (W/W) iron slag 
significantly decreased by 3.9 and 4.4%, respectively.

Discussion

Considering the changes in climatic condition of the 
country toward the arid and semi-arid regions, reuse of 
wastewater for agricultural use is essential. However, the 
negative aspects of wastewater should not be ignored. 
According to the results of this study, applying zeolite 
or pumice can help us to treat the battery wastewater 
and decrease the soil and plant Pb concentration that 
can be related to the role of these organic amendments 
on increasing the soil sorption properties. Khodabakhshi 
et al. conducted a study on the role of Pb elimination 
from battery industry synthetic wastewater by nano-
maghemite and concluded that magnetite nanoparticles 
had a high adsorption capacity for Pb removal from 
aqueous solution. However, they indicated that Pb 
removal efficiency was directly affected by pH and time.19 
The positive role of Iranian natural zeolites in removal of 
lead ions from aqueous solutions was also dinvestigated 
by Moazeni et al.20 The results of their study indicated 
that the heavy metal type and its concentration had a 
significant effect on Pb removal efficiency by zeolite.20 
Kim et al. (2013) conducted a esearch on the Pb removal 
from aqueous solution by a zeolite and concluded that 
at the lower Pb concentration (100 mg/L), 99.2% of the 
Pb-pollution was removed from aqueous solution.21 
Based on the results of this study, pumice has also the 
same properties on Pb removal from battery wastewater. 
Moradi et al. evaluated the efficiency of pumice powder 

to Pb removal from the aquatic environment, concluding 
that applying pumice powder had a significant effect on 
Pb elimination from aqueous solution. In addition, in 
that research the contact time of the pumice powder and 
the pH solution were introduced as important factors in 
changing the Pb solubility in aqueous solution.22

Jonasi et al. investigated the effect of pumice 
stone powder on Pb removal from aqueous solution 
and concluded that this product can be utilized in 
adsorptive removal of Cd(II) and Pb(II) ions from 
aqueous solutions.23 It is noteworthy that this study 
was carried out in aqueous solution and it is necessary 
to be investigated in heavy metal contaminated 
soils. Generally, pumice is a highly porous volcanic 
stone with a micro-porous structure, which gives it 
a high surface area. Pumice has a large proportion 
of silica sites, which gives it a negatively charged 
surface, and it has a large number of open sites, 
which allows the water and ions to move in and out 
of the crystal structure. Li et al. also reported that 
silicate could enhance the plant resistance to the 
toxicity of heavy metals attributed to the decrease in 
the soil Pb availability due to the increase in the soil 
pH.24 According to the results of their research, the 
amendment of 800 mg kg−1 Si significantly increased 
the soil pH and decreased exchangeable Pb, thus 
reducing the soil Pb availability. In addition, they 
mentioned that the soil amended with Si significantly 
increased the plant biomass in the Pb-polluted soil.24

Based on the results of this study, applying cow 
manure significantly increased and decreased the 
plant biomass and plant Pb concentration, respectively, 
which was related to the role of applying cow manure 
on increasing the nutrient uptake by plant and thus 
increasing the plant biomass. In addition, the positive 
role of applying cow manure on increasing the soil 
sorption properties and consequently decreasing soil 
Pb availability cannot be ignored. Mashayekhi et 

Table 7: The effect of iron slag enriched cow manure, zeolite, pumice and wastewater to water ratio on SOD enzyme activity (U/mg 
protein)

Iron slag (%) Pumice (%) Zeolite (%)

Cow manure (t/ha)
0 30

Wastewater to water ratio Wastewater to water ratio
1:1 2:1 1:1 2:1

0

0

0
44.1b* 45.4a 42.4d 43.7c

1 42.7d 44.9b 40.6f 41.4e
2 41.6e 43.7c 39.6g 40.2f
0

2
42.8d 43.6c 40.8f 41.5e

1 41.4e 42.6d 39.3g 40.8f
2 40.7f 41.8e 37.2i 39.4g
0

8

0
40.1f 41.8e 35.1k 37.2i

1 38.2h 39.8g 34.1l 35.2k
2 35.1k 36.3j 31.7n 32.2m
0

2
37.1i 38.5h 34.1l 35.8k

1 32.1m 34.3l 30.4o 31.4n
2 28.7q 29.8p 25.6r 28.3q
*Data with the similar letters are not significantly different (P=0.05)

https://link.springer.com/article/10.1007/s13201-019-1135-1#auth-1
https://link.springer.com/article/10.1007/s13201-019-1135-1?shared-article-renderer#ref-CR20
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al. investigated the effect of EDTA chelate and cow 
manure on the cd uptake by pot marigold in polluted 
soil and reported that applying 25 and 50 t/ha cow 
manure had a significant effect on decreasing the soil 
and plant-heavy metal concentration. In addition, they 
mentioned that applying organic amendment had a 
positive effect on the plant biomass, thereby increasing 
the plant root exudate that has a direct effect on soil 
microbial activity.25 The positive role of soil microbial 
activity on immobilizing the heavy metals has been 
reported by researchers.26-28 In addition, Hoshyar et al. w 
also mentioned that the organic and inorganic fractions 
of organic amendments have a significant effect on 
heavy metal immobilization in the soil.29 Generally, 
trace element adsorption capacity varies with the 
amount of sportive phase and chemical property 
of organic amendments. It is noteworthy that oxide 
mineral surfaces are important to determine the bio-
availability of trace elements in organic-treated soils. 
According to the results of these studies, decreasing 
plant Pb concentration reduced the SOD enzyme 
activity that can be attributed to the plant’s resistance to 
heavy metal against oxidative stress. Generally, heavy 
metals are unable to participate directly in biological 
redox reactions; it induces oxidative stress via different 
indirect mechanisms. For example, heavy metals 
stimulate the activity of NADPH oxidases, resulting 
in extracellular superoxide, H2O2 accumulation and 
lipid peroxidation and oxidative burst.30

On the other hand, the results of this study showed 
that cow manure enriched with iron slag significantly 
decreased the negative effect of soil irrigation with 
Pb-contaminated wastewater that might be related to 
the interaction effect of Fe and heavy metals. Iron 
slag is a by-product of Mobarakeh Steel Complex 
and more than 85% of its composition is iron oxide 
in two and trivalent forms. Generally, iron in arid 
and semi-arid regions is trivalent which makes it 
unavailable for plant uptake, especially in soils with 
low organic matter, and increasing soil organic matter 
can help to increase the soil nutrient availability. 
Therefore, enrichment of cow manure with iron slag 
can be a useful method for increasing the soil and 
plant iron availability and consequently decrease 
the heavy metal uptake by plants. However, the role 
of applying cow manure on increasing soil cation 
exchange capacity which helps to reduce the adverse 
effect of soil irrigation with wastewater cannot be 
ignored. The interaction effect of heavy metals and 
Fe has been mentioned by researchers.31, 32 Alidadi 
Khaliliha et al. investigated the interaction effect of 
Fe and Pb on the plant growth and elements uptake 
in Cress (Lepidium sativum L.) and concluded that 
Fe plays an important role in reducing the adverse 
effects of Pb in the cress.33 The study of Nazar et al. 
also showed that plant nutrient elements can lead to 
alleviating Cd stress in the crop plants that is similar 

to our research.34 Tafvizi et al. also investigated the 
effect of Pb sources on Fe, Mn, and Zn concentrations 
in different varieties of maize and concluded that soil 
pollution with pb could decrease the nutrient uptake 
by plants.35 Accordingly, using organic amendments 
such as zeolite or pumice can decrease the negative 
effect of applying Pb-polluted wastewater, thereby 
increasing the essential element such as Fe by plants. 

Conclusion

Application of iron enriched cow manure had a significant 
effect on decreasing the soil and plant Pb concentration that 
might be related to the role of nutrient elements (such as 
Fe) in decreasing the heavy metal availability (interaction 
effects). Increasing soil and plant Fe concentration due to 
applying iron enriched cow manure confirms our results 
clearly. On the other hand, adding 2 and 8% (W/W) zeolite 
and pumice had a significant effect on decreasing the soil 
and plant heavy metal availability that can be attributed 
to the role of these organic amendments on increasing 
soil sorption properties, thereby decreasing soil and plant 
heavy metal availability. Plant irrigation with wastewater 
of battery factory significantly increased the plant Pb 
concentration. However, applying zeolite and pumice can 
contribute to wastewater treatment. Among this, mixing 
well water with wastewater in proportion 1:1 compared 
to 2:1 (wastewater/water) significantly decreased the Pb 
concentration by sunflower. However, the plant type and 
soil properties play an important role in the amount of Pb 
uptake by plants that should be considered in the future 
studies. 

Acknowledgements 

The authors would like to appreciate the Islamic Azad 
University, Arak Branch, for their assistance in analyzing 
the samples. 

Conflict of Interest: None declared.

References

1 Navidtalab A, Maghami Moghim G. Climate, lithology, 
and tectonics interaction in shaping a hazardous salt 
karst: A case from the middle–late Miocene evaporite 
succession of NE Iran. Geomorphology. 2020; 
356:107067.

2 Shirmohammadi B, Malekian A, Salajegheh A, Taheri 
B, Azarnivand H, Malek Z, et al. Scenario analysis for 
integrated water resources management under future 
land use change in the Urmia Lake region, Iran. Land 
Use Policy. 2020; 90:104299.

3 Bagheri A, Babaeian F. Assessing water security of 
Rafsanjan Plain, Iran – Adopting the SEEA framework 
of water accounting. Ecological Indicators. 2020; 
111:105959.



144 

Baghaie AH, Mirzaee R

J Health Sci Surveillance Sys July 2019; Vol 7; No 3

4 Mahmood A, Mahmoud AH, El-Abedein AIZ, Ashraf 
A, Almunqedhi BMA. A comparative study of metals 
concentration in agricultural soil and vegetables 
irrigated by wastewater and tube well water. Journal 
of King Saud University - Science. 2020.

5 Bougnom BP, Thiele-Bruhn S, Ricci V, Zongo 
C, Piddock LJV. Raw wastewater irrigation for 
urban agriculture in three African cities increases 
the abundance of transferable antibiotic resistance 
genes in soil, including those encoding extended 
spectrum β-lactamases (ESBLs). Science of The Total 
Environment. 2020; 698:134201.

6 Cao C, Zhang Q, Ma Z-B, Wang X-M, Chen H, Wang 
J-J. Fractionation and mobility risks of heavy metals 
and metalloids in wastewater-irrigated agricultural 
soils from greenhouses and fields in Gansu, China. 
Geoderma. 2018; 328:1-9.

7 Yang W, Song W, Li J, Zhang X. Bioleaching of heavy 
metals from wastewater sludge with the aim of land 
application. Chemosphere. 2020:126134.

8 ur Rehman K, Bukhari SM, Andleeb S, Mahmood 
A, Erinle KO, Naeem MM, et al. Ecological risk 
assessment of heavy metals in vegetables irrigated 
with groundwater and wastewater: The particular case 
of Sahiwal district in Pakistan. Agricultural Water 
Management. 2019; 226:105816.

9 Saxena A, Bhardwaj M, Allen T, Kumar S, Sahney R. 
Adsorption of heavy metals from wastewater using 
agricultural–industrial wastes as biosorbents. Water 
Science. 2017; 31(2):189-97.

10 Hodaifa G, Gallardo PAR, García CA, Kowalska 
M, Seyedsalehi M. Chemical oxidation methods for 
treatment of real industrial olive oil mill wastewater. 
Journal of the Taiwan Institute of Chemical Engineers. 
2019; 97:247-54.

11 Zhou Z, Yu T, Dong H, Huang L, Chu RK, Tolic N, 
et al. Chemical oxygen demand (COD) removal from 
bio-treated coking wastewater by hydroxyl radicals 
produced from a reduced clay mineral. Applied Clay 
Science. 2019; 180:105199.

12 Rahimi M, Mahmoudi J. Heavy Metals Removal from 
Aqueous Solution by Modified Natural Zeolites Using 
Central Composite Design. Periodica Polytechnica 
Chemical Engineering. 2020; 64(1):106-15.

13 Sulaiman KO, Sajid M, Alhooshani K. Application 
of porous membrane bag enclosed alkaline treated 
Y-Zeolite for removal of heavy metal ions from water. 
Microchemical Journal. 2020; 152:104289.

14 Zavvar Mousavi H, Asghari A. Removal of heavy metal 
ions in wastewater by Semnan natural zeolite. Asian 
Journal of Chemistry. 2009; 21(4):2881-86.

15 Bilardi S, Calabrò PS, Greco R, Moraci N. Removal of 
heavy metals from landfill leachate using zero valent 
iron and granular activated carbon. Environmental 
technology. 2020; 41(4):498-510.

16 Ratnawati R, Enjarlis E, Husnil YA, Christwardana 
M, Slamet S. Degradation of Phenol in Pharmaceutical 
Wastewater using TiO2/Pumice and O3/Active Carbon. 

Bulletin of Chemical Reaction Engineering & Catalysis. 
2020; 15(1):146-54.

17 Sultana T, Arooj F, Nawaz M, Alam S, Iqbal MN, 
Ashraf A. Phytoremediation Efficiency of Sunflower 
(Helianthus annuus) and Bryophyllum (Bryophyllum 
pinnatum) in Removing Heavy Metals from Polluted 
Soil. International Journal of Alternative Fuels and 
Energy. 2019; 3(2):31-35.

18 Garrido I, Garcia-Sanchez M, Casimiro I, Casero PJ, 
Garcia-Romera I, Ocampo JA, et al. Oxidative stress 
induced in sunflower seedling roots by aqueous dry 
olive-mill residues. PloS one. 2012; 7(9):e46137.

19 Khodabakhshi A, kamai M, Amin MM, Sedehi M, 
Hadialijanvand M, Dastjerdi MV. Lead removal 
from battery industry synthetic wastewater by nano 
maghemite. J Health Syst Res. 2015; 11(1):641-48.

20 Moazeni M, Parastar S, Mahdavi M, Ebrahimi A. 
Evaluation efficiency of Iranian natural zeolites and 
synthetic resin to removal of lead ions from aqueous 
solutions. Applied Water Science. 2020; 10(2):60.

21 Kim SA, Kamala-Kannan S, Lee K-J, Park Y-J, Shea 
PJ, Lee W-H, et al. Removal of Pb (II) from aqueous 
solution by a zeolite–nanoscale zero-valent iron 
composite. Chemical Engineering Journal. 2013; 
217:54-60.

22 Moradi M, Soltanian M, Pirsaheb M, Sharafi K, 
Soltanian S, Mozafari A. The efficiency study of 
pumice powder to lead removal from the aquatic 
environment: isotherms and kinetics of the reaction. 
Journal of Mazandaran University of Medical Sciences. 
2014; 23(1):65-75.

23 Jonasi V, Matina K, Guyo U. Removal of Pb (II) and 
Cd (II) from aqueous solution using alkaline-modified 
pumice stone powder (PSP): equilibrium, kinetic, and 
thermodynamic studies. Turkish Journal of Chemistry. 
2017; 41(5):748-59.

24 Li L, Zheng C, Fu Y, Wu D, Yang X, Shen H. Silicate-
mediated alleviation of Pb toxicity in banana grown 
in Pb-contaminated soil. Biological trace element 
research. 2012; 145(1):101-08.

25 Mashayekhi HR, Baghaie AH, Gomarian M. Effect 
of EDTA Chelate and Cow Manure on Cd Uptake by 
Pot Marigold in a Polluted Soil. Iranian Journal of Soil 
Research. 2017; 31(3):405-17.

26 Wang Y, Luo Y, Zeng G, Wu X, Wu B, Li X, et al. 
Characteristics and in situ remediation effects of 
heavy metal immobilizing bacteria on cadmium 
and nickel co-contaminated soil. Ecotoxicology and 
Environmental Safety. 2020; 192:110294.

27 Sun X, Meng J, Huo S, Zhu J, Zheng S. Remediation 
of Heavy Metal Pollution in Soil by Microbial 
Immobilization with Carbon Microspheres. 
International Journal of Environmental Science and 
Development. 2020; 11(1).

28 Li S, Sun X, Liu Y, Li S, Zhou W, Ma Q, et al. 
Remediation of Cd-contaminated soils by GWC 
application, evaluated in terms of Cd immobilization, 
enzyme activities, and pakchoi cabbage uptake. 



145 

Effect of iron slag enriched cow manure, zeolite and pumice on the sunflower Pb uptake

J Health Sci Surveillance Sys July 2019; Vol 7; No 3

Environmental Science and Pollution Research. 
2020:1-8.

29 Hoshyar P, Baghaie AH. Effect of Arak Municipal 
Sewage Sludge Application on Corn Cd Uptake in a 
Loamy Soil. Iranian Journal of Soil Research. 2017; 
31(2):303-14.

30 Semane B, Dupae J, Cuypers A, Noben J-P, Tuomainen 
M, Tervahauta A, et al. Leaf proteome responses of 
Arabidopsis thaliana exposed to mild cadmium stress. 
Journal of plant physiology. 2010; 167(4):247-54.

31 Lešková A, Giehl RF, Hartmann A, Fargašová A, 
von Wirén N. Heavy metals induce iron deficiency 
responses at different hierarchic and regulatory levels. 
Plant Physiology. 2017; 174(3):1648-68.

32 Nouri J, Khorasani N, Lorestani B, Karami M, Hassani 

A, Yousefi N. Accumulation of heavy metals in soil 
and uptake by plant species with phytoremediation 
potential. Environmental Earth Sciences. 2009; 
59(2):315-23.

33 Alidadi Khaliliha M, Dordipour E, Barani Motlagh 
M. Interactive effect of iron and lead on growthvand 
their uptake in Cress (Lepidium sativum L.). J. of Soil 
Management and Sustainable Production. 2016; 5:41-59.

34 Nazar R, Iqbal N, Masood A, Khan MIR, Syeed S, 
Khan NA. Cadmium toxicity in plants and role of 
mineral nutrients in its alleviation. 2012.

35 Tafvizi M, Motesharezadeh B. Effects of lead on 
iron, manganese, and zinc concentrations in different 
varieties of maize (Zea mays). Communications in 
soil science and plant analysis. 2014; 45(14):1853-65.


