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ABSTRACT 

This study aims to improve the removal process which is vital for some heavy 
metals and natural radionuclides from industrial wastewater by biosorption 
using living organisms with rapid growth as a trial to increase the efficient use 
of those organisms in the removal process is vital for the toxic elements. 
Biosorption of heavy metal (Copper, Mangnese, Iron, Zinc, Lead and 
Strontium) from industrial waste water (contaminated) with six different time 
periods for Azolla growth. The results indicate that Azolla plant able to  on the 
absorption of ions of heavy elements and Sr and was up to the maximum 
absorption of most of the elements at a concentration of 50% of polluted water 
+ 50% fresh water so we recommend using the plant Azolla as biosorbent in the 
disposal and collection of heavy metals and radionuclides from industrial waste 
water and deal with it safely to humans and the environment. The results 
obtained confirm the ability of the fern to grow and absorb ion of heavy metal 
when mixed with industrial waste water and other sources of polluted water and 
act as biofilter. The optimum conditions for maximum removal of heavy metals 
were also determined. Study was conducted on recycling municipal wastewaters 
for cultivation of Azollamicrophylla biomass, which is used for inoculation into 
paddy fields as N biofertilizer and has other applications as green manure, 
animal feed and biofilter.  
Key words:  Azolla / Biofilter /Green Manure/Pollution /Sewage water / 

Heavy metals / Nitrogen fixations. 
 

INTRODUCTION 

The presence of heavy metals in aquatic ecosystems causes serious 
impact on the biological components. As a result, serious disorders on human 
health have been observed due to the biomagnification processes and their toxic 
effects within the food chain[1,2,3 and 4]. Heavy metals are known pollutants 
and many of them are toxic even at very low concentrations. Pollution of the 
biosphere with toxic metals has accelerated dramatically since the beginning of 
the industrial revolution [5]. The primary sources of this pollution are the 
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burning of fossil fuels, the mining and smelting of metalliferous ores, municipal 
wastes, fertilizers, pesticides, and sewage [6]. Contamination of soil, aqueous 
waste streams and groundwater with toxic metal poses a major environmental 
and human health problem, which is still in need of more efforts to solve.  The 
toxicity caused by metal ion is owing to their ability to bind with protein 
molecules [7] and prevent replication of DNA and subsequent cell division. 

The different methods used for the removal of heavy metals from 
aqueous solution mainly consist of physical, chemical and biological 
technologies. Conventional methods for removing metal ions from aqueous 
solution have been suggested, such as chemical precipitation, filtration, ion 
exchange, electrochemical treatment, membrane technologies, adsorption on 
activated carbon, evaporation etc. However, chemical precipitation and 
electrochemical treatment are ineffective, especially when metal ion 
concentration in aqueous solution is among 1 to 100 mg L−1, and also produce 
large quantity of sludge required to treat with great difficulty. Ion exchange, 
membrane technologies and activated carbon adsorption process are extremely 
expensive when treating large amounts of water and wastewater containing 
heavy metal in low concentration. They cannot be used at large scale. 
Volesky[8] summarized the advantages and disadvantages of those conventional 
metal removal technologies.  

Biosorption can be defined as the removal of metal or metalloid species, 
compounds and particulates from solution by biological material[9]. One of the 
most interesting features is the role played by Azolla in this association. Azolla 
is an aquatic fern, floating on water surface of flooded rice fields, small ponds, 
and canals. It multiplies vegetatively, and often sexually reproductive. Azolla a 
dichotomously branched free floating aquatic fern is naturally available mostly 
on moist soils, ditches marshy ponds and is widely distributed in tropical It 
ranks among the fastest growing plants on earth The most important features 
that distinguish heavy metals from other toxic pollutants are their non bio-
degradability [10].  

In the meantime, biosorption of heavy metals from aqueous solutions is 
a relatively new technology for the treatment of industrial wastewater. The 
major advantages of biosorption technology are their effectiveness in reducing 
the concentration of heavy metal ions to very low levels and the use of 
inexpensive biosorbent materials[11,12]. 

Furthermore, biosorption methods often provide better results than 
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activated carbon and natural zeolites and are comparable to synthetic ion 
exchange resins[13].  An adsorbent material (biosorbent), both living and 
nonliving, is derived from suitable biomass can be used for the effective 
removal and recovery of heavy metal ions from wastewater streams[14,15]. 
These include bacteria[16], fungi [17], yeast[18], marine algae[19] and others. 

Waste water is considered to be very toxic if it is used for irrigation. 
This new technology has been loosely grouped together under the term 
"Bioremediation" This work aimed at evaluating the ability of Azolla to growth 
under the effect of different time and rates of pollutants. The main reason of this 
study was the comparison between the bio-accumulation of the metals by Azolla 
and their concentrations in the waste water with the metals in the water itself. 

MATERIALS AND METHODS 

Experimental layout  

The greenhouse experiment was carried out at Agricultural Department 
for Soils and Water Research, Nuclear Research Centre, Atomic Energy 
Authority, Egypt. Azolla was obtained at the way of Mostord.  

The concentration of the macro- and micro-elements were measured in 
fresh water, wastewater and water of Azolla source. Water samples  analysis 
were determined according to Pageet al., [20]. Plant samples were analyzed for 
total nitrogen by Kjeldahl method as described by [21]. The pH and EC(dsm-1) 
of the media were measured using the pH meter and EC meter, respectively. 
The batch reactors were placed completely randomized with three replicates. 
Each dark batch of 25 x 25 x 50 cm contain 10 liter of experimental water 
treated by fresh Azolla 10g/ Liter.  The five levels of industrial wastewater 
were: [100% waste water (WW), 75% WW + 25% fresh water (FW), 50% WW 
+ 50% FW and 25% WW + 75% FW). The measurements recorded at six time 
period each 10 days (0,10,20,30,40 and 50 days). The changes in pH and EC 
were recorded at each period. Heavy metals were determined by atomic 
absorption spectroscopy (AAS) for each period. The Data were subjected to 
ANOVA analysis  according to SAS computer program (1987).  
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Table (1): Analysis  of experimental water :  

 Waste water Water of Azolla source Fresh water 
EC(dsm-1) 4.46 1.50 0.46 

pH 7.25 8.51 7.5 
BOD 190 150 - 
COD 

m
g 

O
/L

 

370 260 - 
SO4

-- 288 195 96.0 
CO3

-- 66 30 - 
HCO3

-- 402.6 309 74.0 
NO3 527 500 136.4 
NH4 45 40 - 

P 169.9 160 0.618 
K+ 70.2 50 15.6 
Na+ 335.8 310 48.09 
Ca++ 64 52 25.13 
Mg++ 77.76 68 23.32 

Cl- 424.8 210 113.2 
Sr 98 17 - 
Fe 210.2 95 12.83 
Cu 69.85 40 1.27 
Mn 10.98 3.3 2.74 
Zn 53.31 15.8 - 
Pb 

m
g/

L
 

124.3 39.8 26.15 

Table (2): Some physical and chemical composition of Azolla 

Azolla composition ( mg / g Dry matter) 
N 39.2  Ash (5500C) 185 
P 5.20 dry matter (1050C) 45 
K 12.5 dry matter  (650C) 63 

Ca 43.0 C/N 10 
Mg 11.0 Protein% 24.5 
Na 10.8 Chlorophyll   (a) 2 mg/ g fresh weight 

Fe 2.64 Chlorophyll   (b)lo 1 mg/ g fresh weight 
Cu 0.023 pH 6.5 
Mn 3.11 T.S.S. (%) 22 
Zn 1.02 Sugar 35 

Pb 0.95 Starch 65 

Sr 0.12   

RESULTS AND DISCUSSION 

Table (3) show the changes in pH The decrease of metal content in the 
waste water as a result of the Azolla biosorption. Azolla can survive a water pH 
ranging from 3.5-10, reported optimum growth occurring at pH 4.5-7.0. 
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Watanabe et al.[22] reported that the growth of Azolla was optimum at pH 5.5 
and FAO [23]recorded that soils of pH 6 to 7 support the best growth. The 
changes in pH were recorded  in table (3) under effect of Azolla propagation in 
waste water, where pH values of different experimental water decrease towards 
acidity as a result of the increase the time of Azolla growth. Blue-Green Algae 
liberate extracellular organic compounds and photosynthetic O2 during their 
growth, while Azolla prevent a rise in the pH, reduce water temperature, curb 
NH3volatilisation and suppress weeds; and both of them contribute biomass. On 
decomposing, they influence the redox activity and result in the formation of 
different organic acids in soil, [24]. 

Table (3): Effect of differ9ent treatments of wastewater interacted with incubation 
periods on pH value changes. 

Days of agriculture Treatments 0 10 20 30 40 50 
100% WW 7.25 ±0.031  7.2±0.027 7.1±0.044 7.0±0.089 6.9±0.089 6.8±0.051 
75% WW + 

25% FW 7.30±0.044 7.25±0.025 7.2±0.025 7.1±0.051 7.1±0.025 7.0±0.051 

50% WW + 
50% FW 7.35±0.044 7.3±0.044 7.25±0.022 7.2±0.017 7.2±0.022 7.2±0.032 

25% WW + 
75% FW 7.40±0.051 7.35±0.051 7.3±0.049 7.25±0.025 7.2±0.025 7.2±0.045 

100% FW 7.55±0.051 7.5±0.044 7.4±0.077 7.3±0.025 7.3±0.044 7.2±0.025 

Salinity tolerance of Azolla species varies. According to EC changes in 
table(4), the growth rate of Azolla gradually declines as salinity increases. At 
about 1.3% salt (33% of sea water) the growth of Azolla stops and higher 
concentrations will kill it. In rice fields where salt concentration reaches 1480-
1872 mg/l during the dry season Azolla wilts. Salinity is a factor which should 
be looked wherever Azolla is being considered[25]. Azollaplants exposed to 
salinity showed reduction in biomass, chlorophyll content and altered chl a/b 
ratio which could lead to reduced photosynthetic efficiency and impaired plant 
growth [26]. 

Table (4): Effect of different treatments of wastewater interacted with incubation 
periods on EC value changes. 

Days of agriculture 
Treatments 

0 10 20 30 40 50 
100% WW 4.46±0.059 4.4±0.103 4.2±0.044 4.1±0.089 4.0±0.178 3.8±0.186 

75% WW + 25% FW 3.5±0.093 3.3±0.089 3.2±0.089 3.0±0.089 2.8±0.089 2.7±0.136 

50% WW + 50% FW 3.2±0.093 3.1±0.089 2.8±0.089 2.6±0.051 2.5±0.089 2.2±0.04 

25% WW + 75% FW 2.5±0.093 2.3±0.089 2.2±0.089 2.0±0.051 1.9±0.136 1.8±0.136 

100% FW 0.48±0.042 0.4±0.032 0.3±0.044 0.36±0.044 0.4±0.010 0.4±0.008 
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The accumulation of heavy and toxic metals in the environment has 
become a concern due to growing health risks to the public. These contaminants 
enter the environment through nuclear activity, industrial waste, mill tailings, 
smelting and landfill runoff. Aquatic plants are quite effective in separating 
metals from polluted waters [27]. In this context, plants with a high colonization 
rate are excellent tools for Phytoremediation [28]. Aquatic plants are widely 
used in monitoring metal concentrations in aquatic ecosystems. Azolla sp., an 
aquatic fern is an ideal candidate for exploitation in constructed wetlands for 
treating metal-contaminated wastewaters. A wide varied of ligands may be 
involved in biosorption of metals, and these include, carboxyl, hydroxyl 
sulphydryl, amine and phosphate groups. Due to the complex solution chemistry 
of many metals, itis difficult to determine the metal species involved, and the 
relative importance and involvement of each ligand in biosorption. The affinity 
of any ligand to a metal ion rnay varies between metal species [29]. Table 5 
show that the effect of Azolla propagation in different levels of wastewater on 
the iron ion concentration remaining after intervals periodof experiment. 

Table (5): Effect of different treatments of wastewater interacted with incubation 
periods for Azolla growth on Fe value changes (mg/L).  

Days of agriculture 
Treatments 

0 10 20 30 40 50 

100% WW 210.2±2.53 205.3±3.57 196.1±3.22 182.1±2.25 168.2±7.32 153.6±4.92 

75% WW + 25% FW 167.25±5.86 161.3±8.01 150.5±4.47 136.3±4.47 119.5±0.89 101.6±2.36 

50% WW + 50% FW 111.5±4.47 104.1±2.36 91.53±2.73 64.32±3.61 16.70±1.86 7.82±0.40 

25% WW + 75% FW 55.75±2.58 50.8±0.51 42.41±2.36 30.62±2.87 15.82±0.72 8.10±0.22 

100% FW 12.83±1.78 11.12±0.89 10.0±0.68 9.5±0.68 9.1±0.17 8.8±0.28 

Jainet al., [30] showed that viable Azallabiomass was able to remove 
copper and iron from solution at low concentrations (1-8 mg/L), but the metal 
ions were toxic at higher concentrations. Uptake of cadmium, copper and 
uranium from solution by Azallaresulted in the loss of potassium, chloride and 
magnesium from Azallaroots. Therefore accumulation of heavy metals by 
Azallawas correlated with damage caused by the loss of essential nutrients 
[31]capacity. The clean up of wastewater from Cu Table (6) as a results of 
Azolla propagation in medium. Biosorption of Copper from contaminated water 
by Azolla was tested at 5 different initial concentrations. The samples were 
analyzed for decrease in concentrations intervals for 10 days showed the 
maximum percentage removal of Copper from wastewater on the 50 day of 
dosimetry at an initial concentration of contamination. In general Azolla growth 
was normal at lower concentrations and showed higher removal efficiency. 
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Table (6): Effect of different treatments interacted of wastewater with incubation 
periods for Azolla growth on Cu value changes (mg/L). 

Days of agriculture Treatments 
0 10 20 30 40 50 

100% WW 69.85±0.68 68.8±0.45 66.2±0.51 64.0±0.64 61.3±1.36 58.2±0.68 
75% WW+ 25% FW 53.34±0.96 52.5±1.36 50.4±0.25 46.2±1.86 43.7±0.89 40.9±0.44 
50% WW+50% FW 35.56±1.25 33.1±0.63 30.8±0.25 27.4±0.58 23.6±0.91 20.1±0.50 
25% WW+ 75% FW 17.78±0.28 17.2±0.68 16.0±1.12 14.7±0.35 13.2±0.49 12.1±0.40 

100% FW 1.27±0.04 1.2±0.08 1.15±0.02 1.1±0.06 1.0±0.03 0.95±0.03 

Table (7): Effect of different treatments of wastewater interacted with incubation 
periods for Azolla growth on Mn value changes (mg/L). 

Days of agriculture Treatments 0 10 20 30 40 50 
100% WW 10.98±0.54 8.51±0.45 6.7±0.322 5.23±0.33 4.3±0.13 3.15±0.33 

75% WW + 25% 
FW 10.29±0.38 8.4±0.13 6.5±0.178 5.1±0.13 4.5±0.089 2.74±0.13 

50% WW + 50% 
FW 6.86±0.36 3.75±0.13 2.1±0.236 1.1±0.22 0.92±0.068 0.63±0.02 

25% WW + 75% 
FW 3.43±00.35 2.0±0.089 1.2±0.169 0.95±0.032 0.82±0.030 0.75±0.04 

100% FW 2.74±0.13 1.62±0.18 1.2±0.089 0.9±0.40 0.81±0.013 0.78±0.01 

On the other hand, it has negative effects on the aquatic ecology due to 
its capable of colonizing rapidly to form dense mats over water surfaces. 
Controlling its reproduction has been deemed necessary in some Azolla-
abundant areas like South Africa [32]and the north part of Iran. In this regard, 
the development of an Azolla-based biosorbent for wastewater treatment, 
especially in developing countries, may benefit environmental problems, by 
removing heavy metals from water using this weed[33]. Azolla has been shown 
to be able to effectively adsorb hexavalent and trivalent chromium, zinc (II) and 
nickel (II) from solutions and electroplating effluent [33] and gold (III) from 
aqueous solution [34].  
Table (8): Effect of different treatments of wastewater interacted with incubation 

periods for Azolla growth on Zn value changes (mg/L). 
Days of agriculture Treatments 0 10 20 30 40 50 

100% WW 53.31±0.89 52.2±0.81 50.5±0.69 48.6±0.51 44.5±0.47 40.12±1.12 
75% WW + 

25% FW 39.98±0.51 38.8±0.89 36.5±0.51 33.3±0.89 25.8±1.36 17.1±0.47 

50% WW + 
50% FW 36.65±0.51 35.55±0.68 33.4±0.49 29.2±0.41 20.98±1.36 6.8±0.68 

25% WW + 
75% FW 13.32±0.77 12.1±0.314 10.2±0.22 9.0±0.25 7.8±0.62 6.12± 

100% FW 0 0 0 0 0 0 

The decrease of metal content in the nutrient medium and metal 
presence in plant tissue prove that Azolla can absorb lead more effectively than 
cadmium. The metals examined showed their toxic effects already in low doses 
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was lower than high doses, which is dangerous to living organisms; so, there is 
a need to neutralize them. The toxicity of the metals tested caused an inhibition 
of Azolla growth by about 30-46%.[35]. In table (9) Data show that Azolla 
growth in wastewater reduce the concentration dosimetry. As well as several 
studies have been carried out on the uptake of lead from solution by viable 
Azallabiomass.de Wet et al., [36] investigated the removal of metals (including 
lead) from mine and industrial waste-water discharged into the BlesbokSpruit 
river in South Africa. Bioaccumulation of lead was found to be relatively good 
with an uptake. Lead (Pb2+) accumulation and storage by the aquatic fern 
Azollafiliculoides. Lead precipitates were detected in the vacuoles of mesophyll 
cells of Azolla plants cultured for 6 d in rich growth medium containing 20 mg 
l–1 Pb2+. Both Azolla whole plants and isolated apoplasts were incubated for 
6 d in 20 mg l–1 Pb2+. Lead content in the whole plant composed 0.37%, 2.3% 
and 1.8% of the dry weight after 2, 4 and 6 d of growth, respectively, while the 
isolated Azollaapoplast contained 0.125%, 1.22% and 1.4% Pb2+, respectively. 
Lead content in Azolla whole plant increase by 200%, 100% and 22% after 2, 
4 and 6 d of growth, respectively, when compared to Azollaapoplast[37]. 

Table (9): Effect of different treatments of wastewater interacted with incubation 
periods for Azolla growth on Pb value changes (mg/L). 

Days of agriculture .Treatments 
0 10 20 30 40 50 

100% WW 124.3±2.87 123.2±0.89 121.7±0.68 117.2±1.03 114.6±0.51 110.3±1.03 
75% WW + 

25% FW 102.84±1.36 101.7±1.18 99.1±0.44 95.6±0.25 88.4±0.68 82.1±1.36 

50% WW + 
50% FW 68.56±1.36 66.89±1.18 64.5±0.51 60.2±1.03 52.6±0.51 46.7±1.36 

25% WW + 
75% FW 34.28±1.36 33.2±0.88 31.0±1.36 27.8±0.44 23.5±1.03 20.0±0.89 

100% FW 12.83±0.73 11.92±0.22 10.6±0.37 9.1±0.28 7.6±0.28 6.1±0.23 

Results in table (10) show an effective removal process of Sr2+ from 
polluted solution has been demonstrated by its binding to Azolla biofilter at 
high affinity. 
Table (10): Effect of different treatments of wastewater interacted with incubation 

periods for Azolla growth on Sr value changes (mg/L). 
Days of agriculture 

Treatments 0 10 20 30 40 50 

100% WW 98.5±2.87 92±1.78 82.66±2.25 66.33±1.36 51.66±1.36 42±1.78 
75% WW+25% FW 75±0.89 63.66±2.87 49.66±1.36 37.66±2.25 26.66±1.36 19.66±0.51 
50% WW+50% FW 48.33±1.36 32.33±2.25 17.93±0.98 8.23±0.67 7.16±0.13 6.06±0.27 
25% WW+75% FW 24±0.89 20.13±0.31 13.5±0.44 8.5±0.44 7.06±0.10 5.43±0.36 

100% FW 0 0 0 0 0 0 

The samples of water were analyzed for decrease in concentrations 
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intervals for 10 days. Data showed the maximum percentage removal of heavy 
metals from waste water. It was also observed that removal efficiency of Azolla 
decreases with increasing concentrations Azolla, showed the maximum removal 
percentage of Copper from waste water on 5th day of dosimetry at an initial 
concentration of 5ppm. Observations also showed variations in the plant growth 
and morphological features at varying concentrations and duration of exposure. 
It is interesting to note that removal efficiency  by Azolla, is higher in lower 
concentration.   

The initial binding and exchange of heavy metal ions to insoluble 
constituents in the Azolla matrix most probably involves cell wall charged 
groups (such as carboxyl and phosphate). Pectin and Cellulose are important 
polysaccharides constituent of plant cell walls, made of fragments of 
polygalacturonic acid chains, which interact with Ca2+ and Mg2+ (as the 
important exchanged ions with heavy metals) to form a three dimensional 
polymer by (–COO)2Ca and or (–COO)2Mg bindings as the ion exchanging 
bases [38](Jauneau, et al., 1997; Kamnev, et al., 1998 and Iijima, et al., 2002). 
K+ and Na+ are mostly present in Azolla cell as soluble salts [39]. Biosorption 
in natural or uncontrolled situations typically involves a combination of active 
and passive transport mechanisms starting with the diffusion of the metal ion to 
the surface of the microbial cell[40]. The batch biosorption of the metals on 
biomass were best described by Langmuir isotherms [41].  

CONCLUSION 

The present study proved Azolla as a good accumulator for Cu, Zn, Fe, 
Pb,  Mn and Sr respectively The continuous biosorption parameters were greatly 
affected by the composition of water.  The results obtained suggest that the 
living Azolla has the capacity to accumulate large quantities of the heavy metals 
such as Fe, Cu, Mn, Pb, Zn and Sr. This study showed that Azolla has growth 
ability in the solutions containing these metal ions with the initial. If Azollais 
used, mainly as biofertilizer, Besides, Azolla’s growth in wastewaters, used due 
to its heavy metal removal capacity, could improve treated effluents quality, 
helping to control the wastewater. However, the presence of heavy metals in 
wastewaters, due to industrial discharges, could limit its growth but the dilution 
of heavy metals in wastewaters improves Azolla growth to be biosorption 
effective and eco-friendly for environment. This biotechnology can instead help 
to control heavy metal pollution in the environment and reduce the risk of heavy 
metals entering the food chain. 
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On the basis of results Azolla can be recommended for the removal of 
heavy metals from waste water, however further study may assure their full 
utilization in this context. 
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  المؤتمر الدولي الثالثالمؤتمر الدولي الثالث

  للعلوم اإلشعاعیة وتطبیقاتھاللعلوم اإلشعاعیة وتطبیقاتھا
   مصر- الغردقة – ٢٠١٢ نوفمبر ١٦ – ١٢

 
      طریق   عن                      میاه الصرف الصناعي     من                  للمعادن الثقیلة                  االمتصاص الحیوي        تحسین
      األزوال

  عزت عبد المحسن قطب على
   ھیئھ الطاقھ الذریھ– مركز البحوث النوویھ – شعبھ تطبیقات النظائر المشعھ –قسم بحوث األراضى والمیاه 

 

والعناصر المشعھ  عملیھ اإلزالة الحیویھ لبعض العناصر الثقیلھ حسینتھدف ھذه الدراسة إلى ت
یق األمتصاص الحیوى بإستخدام الكائنات الحیھ سریعھ النمو من میاه الصرف الصناعى عن طرطبیعیا 

وقد اجریت . مع محاولھ زیاده كفاءه استخدم تلك الكائنات الحیھ فى عملیھ اإلزالة الحیویھ للعناصر الثقیلھ
.  مصر– ھیئھ الطاقھ الذریھ – مركز البحوث النوویھ –تلك الدراسھ بقسم بحوث األراضى والمیاه 

بخمس )  العكرشھ-  بمنطقھ ابوزعبل الصناعیھ(ك الدراسھ میاه الصرف الصناعى استخدمت فى تل
میاه % ٥٠& میاه عذبھ  % ٢٥+ میاه ملوثھ  % ٧٥& میاه ملوثھ % ١٠٠( تركیزات للمیاه الملوثھ   

وكانت ). میاه عذبھ % ١٠٠& میاه عذبھ  % ٧٥+ میاه ملوثھ % ٢٥& میاه عذبھ  % ٥٠+ وثھ مل
 ٢٠&  ایام ١٠ & ٠( دراسھ قدره عملیھ األمتصاص الحیوى لألزوال على ستھ فترات زمنیھ مختلفھ 

 نبات  النتائج قدرهظھرتأ.مع التركیزات المختلفھ للمیاه الملوثھ)  یوم ٥٠&  یوم ٤٠&  یوم ٣٠& یوم 
وكان یصل إلى اقصى امتصاص لمعظم واألسترانشیوماألزوال على امتصاص أیونات العناصر الثقیلھ 

میاه عذبھ لذلك فإننا نوصى باستخدام نبات األزوال  % ٥٠+ میاه ملوثھ % ٥٠العناصر عند تركیز  
امل معھا بصوره فى التخلص وتجمیع العناصر الثقیلھ من میاه المخلفات الصناعیھ والتعكمرشح حیوي 

  .أمنھ لألنسان والبیئھ 

 

 

  


