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ABSTRACT 

 

Intense pollution of industrial wastewater and surrounding lands and pollutants disposal into 

surface and ground waters, endanger our environment and our water resources. So, now a days 

finding solutions for this national and international concern is necessary. At current time one 

can use different methods to decrease the amount of pollutants in soil and water. Therefore, 

finding a relatively fast and low cost technology without marginal harmful effects is vital. 

Using the natural processes; for example the biological potentials of green plants, is a reliable 

and safe solution for these problems and Using superabsorbent polymers is one of the newest 

soil improving methods. The main goal of this research was to investigate the effect of 

superabsorbent on phytoremediation of water contaminated with zinc by sunflower. In order to 

conduct this project six plastic lysimeters with 60 cm diameter and 100 cm height equipped 

with a drain pipe at the bottom were filled by granular sandy-loam soil, Super absorbent was 

added to upper parts three of lysimeters. Sunflower were planted in these lysimeters and they 

were irrigated by clean water until the plants were settled up. Then the irrigation was continued 

by contaminated wastewater which consisted of 17 mg/l zinc. In order to evaluate the soil 

ability in absorbing zinc, the drain effluent was measured and analyzed. The concentration of 

zinc in drain effluent of all lysimeters was under the standard limits and the performance of the 

system in absorbing zinc was found satisfactory up to 88.85% also, superabsorbent 

consumption increased Biomass significantly (5%) and decreased zinc accumulation in stem 

(5%).   
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1.INTRODUCTION 
 

Nowadays, industries have been increased highly in Iran and factories and cities are so close 

to farmlands, then high polluted industrial sewages enter to surface and subsurface waters and 

also by illegal use of these sewages for irrigating farms. pollutants -especially heavy metals- 

enter to soil which has become a national crisis in our country. Considering extant water 

deficiency, better use of water and sewage for some agricultural, urban or industrial needs 

will reduce problems,partly. It seems that one of the best solutions for these problems is using 

natural filtration processes like physiological potential of green plants. Studies of Yamada et 

al. (1975)on phytoremediation of heavy metals is raised as a successful example for reducing 

these metals in soils by green plants. Some of other examples for using plants in heavy metal 

filtration are preventing movement of pollutants and protection of water canals and levees by 

plants (Mac Annie et al. (1985) and also filtration of acidic and heavy metal polluted flows 

by Brandon et al. (1991).In the last decade, a new technique for in situ soil remediation, 

based on insoluble polyacrylate polymers, was proposed(Torres and Varennes,1998; 

Varennes and Torres,1999; Lindim et al,2001; Varennes and Queda,2005; Varennes et 

al,2006). Polyacrylate polymers are based on acrylic acid and are composed of chains with 

regularly distributed carboxylic groups: (-CH2CHCOOH-) n.( Guiwei et al,2008). In this 

case, the template is a metal ion and with this technique polymers for the selective removal 

heavy metals ions have been successfully synthesized. 
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2. MATERIALS AND METHODS 

 

The agricultural soil was collected from Khatoon Abad field in east north of Isfahan province, in 

center of Iran. The soil was air-dried at room temperature, then sieved through a 2 mm sieve and 

characterized as is shown in table 1. 

 

Table 1. The physicochemical properties of the soil used in study 

CEC pH EC  clay silt sand 

Cmol. Kg-
1

  ds.m-
1

   %  

10.1 

 

8.2 4.74  14.8 24.66 60.54 

 

O.M 

(%) 

N 

(%) 

P 

(mg/kg) 

K 

(mg/kg) 

Na 

(meq/l) 

Ca 

(meq/l) 

Mg 

(meq/l) 

Zn total 

(mg/kg) 

Zn DTPA 

(mg/kg) 

1.21 0.1 50.6 1760 26.6 8 8.6 118 1.4 

 

     lysimetery experiment was conducted in a randomized complete blocks design with three 

replications, including: super absorbent in two levels (0 and 510 g in lysimeters SA0 and SA1). 

Irrigation water was polluted by zinc sulfate (ZnSO4, 7 H2o) which pollution was two times 

more than threshold level (4 mg/l). 

     The diameters of lysimeters were 60 cm and the heights of them were 100cm.  A pipe with 5 

cm diameter which had holes in four directions was used for draining lysimeters. About 1/3 of 

this pipe was out of lysimeters. Lower 20cm of every lysimeters was filled with coarse sand and 

then 1/3 of lysimeters was filled with soil and was saturated. After draining gravitational water, 

these procedures were replicated until filling all of lysimeters. Super absorbent was added to 

upper parts of lysimeters. In view of sufficient amounts of N, P, and K elements (table1), 

sunflower seeds were sown without applying any fertilizer. Irrigation with normal water was 

done up to four leaves stage to plants stabilization and after that, considering plant needs, 

irrigation was done every other day with zinc polluted water. After irrigations, drained waters of 

lysimeters were collected and zinc concentration in them was measured using atomic absorption 

machine. Plants were harvested after 65 days and also soil samples were collected from each 

lysimeter. Aerial organs (shoot) and root were selected separately, were washed using distilled 

water and were dried in oven for 48 hours at 70  c. The dry weight was measured and the 

samples were grounded and homogenized. 

     Ground shoot and root samples (1g) were digested in a mixture of consentrated HNO3 and 

Hclo4 (4:1 , by volume) and the zinc concentration in the solutions was determined. (Chen et al, 

2004) Using the atomic absorption spectrophotomery method. statistical analysis of the data was 

preformed and the difference between specific pairs of means was identified by the Duncan test. 

 

3. RESULTS AND DISCUSSION 

 

Considering that concentration of studying metal in drained water of all lysimeters was below 

standard level. Irrigation water was polluted by zinc sulfate (ZnSO4, 7 H2o) which pollution was 

two times more than threshold level (4 mg/l).Zinc concentration in output water of lysimeters 

with super absorbent was less than control lysimeters and considering that concentration of 

studying metal in drained water of all lysimeters was below standard level, this complex of soil-

super absorbent-plant can be used for filtrating zinc polluted sewage. But it is important to know 

that replicating the study, will prepare more accurate results in this regard and also final balance 

of system. 
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     In other to gain more accurate results, mass balance of zinc metal was conducted for 

water-soil-plant system under experimental condition. Then, by definite volumes of irrigation 

water and drained water, input and output mass were determined using following formulas: 

  

M= V × C 

 

M: the mass of input or output metal (mg)  

V: volume of input or output water (liter)  

C: mean concentration of zinc in input or output water (mg/lit) 

 

      The results of above calculations are presented in table 2. According to this table, 

complex of soil-plant-superabsorbent in this study has absorbed 96.45% of extant zinc in 

polluted water which this was 88.85% for control lysimeters. According to table 2, applied 

super absorbent absorbed about 96.45% of polluted water’s zinc. In other words, super 

absorbent applying increased zinc elimination from soil. Also, metal concentration in drained 

water of lysimeters did not exceed standard level in all experimental period. Considering 65 

days period of this study, experiment condition and measured concentrations, we can 

conclude that the system has had a good efficiency for zinc elimination and economic use of 

refined drained water for irrigating other lands is possible. 

 

Table2.avarage zinc mass balance in lysimeter and its Elimination  Efficiency by the plant-soil 

system 

 Lysimeters with 

superabsorbent 

  Control lysimeters  

Input mass 

(mg) 

Output mass 

(mg) 

Zinc 

elimination 

percent 

Input mass 

(mg) 

Output mass 

(mg) 

Zinc elimination 

percent 

2542.6 90.184 96.45 904.18 100.745 88.85 

 

     To determine the zinc absorption amount of plants and using it in mass balance of soil-water-

plant system, samples of plant organs were analyzed and results have presented in tables 3 and 

5. And finally, table 5 shows mass balance of zinc totally in complex of soil-plant-irrigation 

water and also absorption percent occurred in growth period. According to table, sunflower 

plant increased absorption percent from 0.755 in SA0 to 0.772 in SA1 in presence of super 

absorbent,it seem that this metal had made a complex with supperabsorbent  which this complex  

has been  absorbed  better by plant. 

 

Table3. The amount of zinc absorbed by plant 

Mass of absorbed metal 

by plant organ 

Zinc 

(mg/kg) 

Dry matter 

Weight (kg) 

Plant organ Treatment 

0.781 45.95 0.017 leaves  

4.176 65.25 0.064 stem SA0 

1.955 52.85 0.037 root  

2.46 51.25 0.048 leaves  

5.995 41.35 0.145 stem SA1 

11.234 54.8 0.205 root  

     using superabsorbent increased biomass (p< 0.05) in proportion to control treatment from 

380g to 1440g. The concentration of zinc was increased slightly in root and leaves but was 

reduced significantly (p<0.05) in stem by using superabsorbent (Table 4).  
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Table4. Zn concentration in plant organ 

Treatment Biomass 

(gr)  

Leaves 

 (mg/kg) 

Stem 

(mg/kg) 

Root 

(mg/kg) 

SA0 380 b 46 a 65.2 a 52.8 a 

SA1 1440 a 51.2 a 41.3 b 54.8 a 

 

Table5. mass balance of elements in soil-water-plant system and occurred plant absorption 

Percentage 

of plant 

absorption 

amount of 

metal in soil 

before plant 

sowing 

 (mg) 

Amount of 

metal entered 

to soil by 

irrigation 

water among 

irrigation 

 period (mg) 

Mass of  

output zinc 

in drained 

water 

 (mg) 

Mass of 

absorbed 

metal by 

Plant 

 (mg) 

Final mass of 

extant metal in 

soil 

 (mg) 

Treatment 

0.755 118 904.18 100.745 6.912 914.523 SA0 

0.772 118 2542.59 90.184 19.689 2550.717 SA1 

 

     bres and Weston (1993), has shown that differences in effectiveness of gel polymers might be 

due to gel- polymer type and amount applied. devarennes and queda (2005) Investigation that 

found in soluble polyacrylate polymer could be used to improve the quality of a copper 

contaminated soil. Growth of annual medic (Medicago polymorphal.) was stimulated in the 

polymer- amended soil, such that total bioamass produced was three times that of plants from 

unamended soil. Guiwei et al. (2008) showed that polymer application rates of 0/2 – 0/4 % were 

con sidered sufficient as they led to a large improvement in plant growth and soil quality. 

Polymers mixing increased the growth of ryegrass in two types of soils which were polluted by 

zinc, lead and copper. Plant’s dry weight of every improved soil (with hydrogel) was 21 times 

more than biomass of plants without using polymers. The positive effect of supper absorbent 

polymers on growth of various plant species have reported in many studies. devarennes and 

queda (2005) also found that roots of plants cultivated in the polymer- amended soil had a 

concentration of copper that was 73% of that in plants from the unamended soil Biver et al 

(1999) discovered that the process for lowering the content of polyvalent cations in agueous 

solution is adsorption of heavy cations on a superabsorbent polymer. Heavy ions, which are 

bound in the superabsorbent polymer, correspond to at least 60% of its absorption capacity for 

heavy metals ions. These polyvalent cations are copper, zinc, chromium, and lead. Considering 

dry matter increasing, plant growth increasing was shown in superabsorbent applying. Also this 

increase in growth was observed in this study because of high ability of super absorbent for 

water saving. 

     Then, it can be realized that superabsorbent has increased sunflower’s growth considerably 

and has affected measured factors, including the concentration of zinc in leaves, root and stem 

which two first items were increased and third item was decreased. The reduction in zinc 

concentration of sunflower stem was significant (p<0.05) which was probably because of 

dilution effect. 

 

 

 

 

4. CONCLUSIONS 
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Then, considering the results of above tables we can announce surely that super absorbent 

applying has caused a metal-super absorbent complex which made metal absorption easier for 

plant. Considering obtained results, zinc polluted or even cadmium or copper polluted sewages 

(these elements act like zinc), can be used for irrigating farms by help of super absorbent and 

Also,phytoremediation can be used as a cheap,natural solution for eliminating zinc and other 

similar metals from polluted sewages. 
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