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Bio-adsorption capacity of Alapouk or Sheng Asbi as a native name of Scorzonera incisa  DC (S.incisa),in a batch system by 

considering the effects of various parameters like initial concentration,pH,contact time,temperature,agitation speed and  

bio-adsorbent dose were studied.The plant with two or more leaves and is wildly grown in Fuladshar–Isfahan in the center 

of Iran was investigated.S.incisa grows within the short period starting at about middle March and ending late in April and 

local people drink infusion of the root as herbal tea for lowering the blood sugar.Different digested contents of infused 

S.incise root waste was equilibrated with 100 ml of the Cd,Ni,Co,Pb,Zn,Cu solution of known concentration.Parameters such 

as various pH,temperature,dose (0.1%,0.2%,0.3% and 0.5 mg/L of solution),contact time (1,5,10,15,30,40 min),initial 

concentration (0.2,0.5,0.7,1.0,3.0 ppm),particle size and agitation speed(100,300,400,800 rpm) were studied.The samples 

were analyzed by standardized international protocols in Nutrition and Food Sciences Research Center in Pharmaceutical 

Sciences Branch,Islamic Azad University.The adsorption was solution pH dependent and the maximum adsorption for 

Co,Cd and Zn was observed at solution pH of 3.0 while for Ni,Zn and Pb was of 2.5.The amounts of Cd bio-adsorbed 

increased with increase in dose of both S.incisa root waste and their contact time.A contact time of 30 min was found to be 

optimum for most of studied heavy metals.Experimental results show low cost of root plant waste after infusion was 

effective for the removal of pollutants from aqueous solution. 
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Introduction 

 

  Water pollution is one of the major global 

problems and it is the leading worldwide cause of 

deaths and diseases.Pollution of the biosphere with 

toxic metals has stimulated seriously since the 

presentation of the Industrial Revolution 

[1-3].Considerable scientific,economical,and,social 

values attentions in wetland as a water environment 

has been made.They are the habitats of various 

organisms devoted to the gene cache of 

microbes,plants and animals on the earth.In spite of 

this fact,momentarily the pollution and degradation 

of the wetlands are dramatically increasing 

[3-8].Plentiful activities in conjunction with metal 

plating,fertilizer industry,metallurgy,mining 

operations,battery manufacturing and textile 

dyeing generate enormous volume of wastewater 

contaminated with various metals[9-12]. 

Discharging of metallic ions in industrial effluent is 

of great concern due to their presence and being 

accumulated as the toxic materials on living species 

[13].Heavy metals are toxic to aquatic organisms 

even at very low concentration and the soil and 

water of many cities especially in the north and 

south of Iran has been already contaminated 

[14-17]. 

In order to reduce heavy metals such as 
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Ni,Co,Pb,Cd,Zn and Cu in the contaminant 

industrial wastewater samples by higher level than 

the standard level,an efficient and low cost method 

needs to be developed.The various methods of 

removal of heavy metals from industrial wastewater 

include filtration,chemical 

precipitation,adsorption,electrodeposition and 

membrane systems,or even ion exchange process 

[2].In the discharge of metal ions in industrial 

effluent using bio-adsorption process has been an 

area of extensive research because of the presence 

and accumulation of toxic carcinogenic effect on 

living species.The most common and harmful 

heavy metals are 

aluminium,lead,copper,nickel,chromium and 

zinc.They are stable elements that cannot be 

metabolized by the body and get passed up in the 

food chain to human beings.When waste is 

disposed into the environment,a further long-term 

hazard is encountered.There are possibly more 

problems from these metals,which interfere with 

normal bodily function,than have been considered 

in most medical circles.Reviewing allof our 

vitamins and minerals has shown us that most every 

substance that is useful can be a toxin or poison,as 

well.Metals are known primarily and almost 

exclusively for their potential toxicity in the 

body,though commercially they may have great 

advantages [13-16]. 

Scorzonera species are treated in different folk 

medicines to combat many diseases,including the 

illnesses connected with inflammation.Alapouk or 

Sheng Asbi is the native name of Scorzonera 

incisa  DC,a plant with two or more leaves and is 

grown in Fuladshar–Isfahan  in the center of 

Iran.The length of its leaves regularly measure a few 

centimeters.The leaves vary in color from dark green 

to dark brown.The plant affords beautiful yellow 

flowers in continuation of its life period.This plant 

commonly grows at various zones of southern 

Khorasan,south Khorasan Razavite and Mehrdasht 

and Lenjan of Isfahan Province.Stem leaves at most 

c.1/2 size of basal leaves.Capitula 1-2(-4) per 

stem,(35-) 40-50 mm long.Inner phyllaries c.25 mm 

[18-34]. 

It grows within the period starting at about middle 

March and ending late in April.It is used as an edible 

vegetable.Its leaves are sometimes cooked before 

they are served. About 70 years ago the natives of 

the area ground the nodes of the plant in a mortar and 

mixed water,wheat or barley flour,some salt and 

such things to bake bread.Interestingly the other 

plant (scorzonera paradoxa fisch.&C.A.Mey) which 

is very similar to S.incise  in Khorasan region is 

called Peyghambar bread,Galvac  or Naghoudashak 

and native  people are used to eat it as edible 

vegetable and mostly cooked it.It has excrescence 

root in various forms,which is edible as well.Based 

on a study carried out in scorzonera paradoxa 

fisch.&C.A.Mey plant,the leaves of this plant 

contain higher percentages of protein,ash and crude 

fat compared to those in root[35].Highest rates of 

energy and crude fiber are found in the root.The 

leaves contain considerable values of 

zinc,manganese,chrome,magnesium and cadmium 

while the root contain significant values of iron,zinc 

and manganese.Prolonged uses of considerable 

amounts of this plant bring reduction to blood 

sugar;however it may result in hepatic injury in 

diabetic mice.Healthy mice may develop symptoms 

of mild toxicity with an increase in dosage[36-38].In 

Iran few studies have been conducted to find 

effective bio-adsorption of endemic plants for 

removal or decreasing heavy metals.The objective 

of current research was investigation of the 

potential of the Scorzonera incisa  DC 

root,considering as a  high-biomass 

Ni,Cd,Pb,Co,Cu and Zn  hyperaccumulator  to 

accomplish as a proper bio-adsorbent these metals  

from artificial metalliferous media . 

 

Materials and Methods 

Sampling Plant   

S.incisa plant gathered from Fuladshahr in March 

and April of 2017 randomly.Fuladshahr is situated 
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25 kilometers (16 mi) south of Isfahan.Isfahan is 

located on the main north–south and east–west 

routes crossing Iran,and was once one of the largest 

cities in the world[39].No much rain in Fuladshahr 

all through the year.Mean annual temperature is 

15.2 degrees Celsius and man annual precipitation 

is 154 mm.the soil is clay in plains and it is a 

combination of sands and soil on mountainous 

areas.The sampling zone has the following 

geographical coordinates:32°29′27″N 

51°25′16″E,which is shown in figure 1.  

 

Figure 1- Location of   S.incisa samples collection 

 

Preparation of S.incisa Roots 

The S.incisa roots were dried for a period of one 

week and then cleaned with distilled water 

thoroughly and dried at room temperature in the 

glass dishes.The roots were grounded with the 

grinding mill.The ground S.incisa roots were sieved 

and were of particle size 0.25 to 0.4 mm.This was 

to allow for shorter diffusion path,thus allowing the 

adsorbate (S.incisa roots) to penetrate deeper into 

the contaminated water more quickly,resulting in a 

higher rate of adsorption [40]. 

The roots of plant were dried at 80º C in an oven for 

24 hours.Dry parts were then ground and 

weighed.Plant samples (approximately 1.0 g) were 

soaked by citric acid 1% for 1 hour and then 

digested with concentrated HNO3 and H2O2 

[13,41-44].The digested solution was filtered and 

then analyzed by Flame Emission 

Spectrophotometer. 

Effect of various pH (The pH of studied solution 

was adjusted with a 0.1M HCl /0.1M NaOH 

solution);temperature;dose 0.1%,0.2%,0.3% and 0.5 

mg/L of solution;contact time 1,5,10,15,30,40 

min;initial concentration 0.2,0.5,0.7,1.0,3.0  

ppm;particle size mesh>30,mesh<30,mesh>20;and 

agitation speed 100,300,400,800rpm were 

studied(Time of each experiment was kept at 40 

min.These flasks were shaken on the shaker at 

different rpm,but the optimum was considered as 

400 rpm). 

 

Zinc,Cobalt,Nickel,Cadmium,Lead,Copper and 

Zinc Determination 

For Zinc,Cobalt,Nickel,Lead,Cadmium and Copper 

and concentrations in powdered root parts of 

samples were dried in oven for 48 hours at a 

temperature of 85 °C.The powdered samples then 

subjected to the acid digestion using nitric acid 

(65% Merck,Germany),Sulfuric acid (96.5% 

Merck,Germany) and perchloric acid(70% Sigma- 

Aldrich).Two gram of air-dried of each 

homogeneously S.incisa root samples accurately 

weighed and 20.0 mL of the digestion mixture(3 

parts by weight of concentrated nitric acid:2 parts 

of concentrated Sulfuric acid & 3 parts by weight 

concentrated perchloric acid) and heated slowly by 

an oven and then rise the temperature.The 

remaining dry inorganic residues were dissolved in 

25.0 mL of nitric acid and the solution used for the 

determination of mineral elements.Blanks and 

samples were also processed and analyzed 

simultaneously.All the chemicals used were of 

analytical grade(AR).Standardized international 

protocols were followed for the preparation of 

material and analysis of heavy metals contents 

[45-49].The samples were analyzed by Flame 

Emission Spectrophotometer,using at six standard 

solutions for each metal and determination of 

potassium content was followed by FDA Elemental 

analysis(ORA LABORATORY MANUAL,2013) 

[49].Also,periodic testing of standard solutions was 

performed in order to verify of reliability of the 

measuring apparatus.The accuracy was checked 

https://en.wikipedia.org/wiki/Isfahan
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using quality control test for fungi and their 

substrate samples to show the degree of agreement 

between the standard values and measured 

values;the difference was less than 5%.The samples 

were analyzed by Flame Emission 

Spectrophotometer Model AA-6200 

(Shimadzu,Japan) using an air-acetylene,flame 

temperature:2800°C,acetylene pressure:0.9–1.0 

bar,air pressure:4.5–5 bar,reading time:1–10 sec 

(max 60 sec),flow time:3-4 sec (max 10 sec). 

Statistical Method 

One-parametric 

Kruskal–Wallis/Mann–Whitney U tests were 

applied to compare differences between 

objects.Non-parametric multiple comparison test 

(Dunn’s test) was performed to determine statistical 

significance of results at α = 0.05.The GLM 

procedure was used for analysis of different metal 

treatments with means separated by Duncan's 

multiple range test at p<0.05.The CORR procedure 

was used for correlation analysis with means 

separated at p<0.05. 

Results & Discussion 

The main content of heavy and mineral 

elements:Zinc,Cobalt,Cadmium,Copper,Lead and 

Nickel in presence of S.incisa  root samples 

collected from Fuladshahr-Isfahan,Iran  are shown 

in Table 1 and figures 2-4.The samples were 

analyzed by wet digestion method and standardized 

international protocols were followed for the 

preparation of material and analysis of heavy metals 

contents and analyzed by Atomic Absorption 

Spectrophotometer in Research Laboratory in 

Pharmaceutical Sciences Branch,Islamic Azad 

University.The data obtained from chemical 

analyses,mean values were calculated and are given 

in the table 1,with their standard deviations. 

Fig.2 shows the bio-adsorption of Zinc by 

S.incisa root samples as a function of time.Initial 

Zinc concentration was 100 mg/L and 

bio-absorbents dose of 0.1,0.2,0.3 and 0.5 

mg/100ml were used.Fig.2 indicates that rapid 

adsorption in the initial 30 min for all 

bio-adsorbent.Mostly,the removal of zinc is 

rapid,but it gradually decreases with time until it 

reaches equilibrium.The necessary time to reach 

this equilibrium is about 30 min.Further increase in 

contact time for 40 minutes did not show significant 

increase in bio-adsorption (p >0.05). 

Figure 2- Effect of contact time on the removal of Zinc (initial Zinc concentration=100 mg/L, adsorbent dose=0.1, 0.2, 0.3 and 0.5 mg/100 ml, temperature=25 ± 1 

ºC, agitation speed= 400 rpm), pH = 3.0. 
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The adsorption of Co at different percentage of 

bio-adsorbents shows an increase in the adsorption 

capacity when the 0.3 and 0.5 mg/L concentrations 

of S.incisa root are increased (Fig.3).Similar trends 

are observed for all the other concentrations.This 

indicates that the adsorption reaction is increasing 

by the surface area in nature.The enhancement in 

the adsorption capacity may be due to the chemical 

interaction between bio-adsorbates and 

adsorbent,formulation of some new adsorption sites 

or the expanded percentage of intra-particle 

dispersion of Co ions into the pores of the adsorbent 

at higher concentrations.Removal of Cd at pH>4 is 

zero whereas its removal percentage is very high at 

pH=3;however,removal percentage of cadmium is 

significantly low after 10 minutes.Figure 4 shows 

that,the pH of the solution is a very important 

parameter for the removal of Cd,in the optimum 

pH=3 after 30 minutes showed a significant 

increasing in adsorbing (p < 0.001).  

 

 

 

Figure 4- Effect of contact time on the removal of Cd (initial Cadmium concentration=50  mg/L, adsorbent dose=0.1, 0.2, 0.3 and 0.5 mg/100 ml, 

temperature=25 ± 1 ºC, agitation speed= 400 rpm), pH = 3.0. 

Figure 3- Effect of contact time on the removal of Cobalt (initial Cobalt concentration=100 mg/L, adsorbent dose=0.1, 0.2, 0.3 and 0.5 mg/100 mL, temperature=25 ± 1 

ºC, agitation speed= 400 rpm), pH = 3.0. 
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Results in table 1 showed significant difference in 

Nickel   up -taking after 5 minutes by 0.2%,0.3% 

and 0.5 % bio-adsorbents,but the potential of taking 

up Nickel by 0.5% was not as much as different 

from lower percent’s (p> 0.05)  .Moreover,time 

factor of putting adsorbent in contaminated water 

by different heavy metals (Pb,Ni and Cu)  in the 

study  showed significant (p <0.05) and positive 

correlation with contents of Ni  (r = +89 to r = 

+93),Cu (r = +82 to r = +86 ) and for Pb (r = +90 to 

r = +85 )  in the contaminated water  and 

S.incisa root  respectively.The amounts of Nickel   

adsorbed increased significantly with increase 

contact time (p<0.005). 

 

Experimental results showed that the percentage 

removal Lead and Copper   increases with the 

increasing amount of bio-adsorbent up to 0.3 mg/L  

for S.incisa root samples 30 minutes of shaking 

after .After this dose of adsorbent no significant  

change was observed,but for Nickel removing in 

the dose of 0.2 mg/L after even 5 minutes a 

significant decreasing of heavy metal is 

observed,although percentage removal Ni increases 

with the increasing amount of bio-adsorbent. 

 

 

 

 

 

Pb content(mg/L± 

SD)  1 min 5 min 10 min 15 min 30 min 40 min 

0.1%bio-adsorbent  
a
97.66±o.11

 a
 90.37±0.23 

a
 84.81±0.18

 b
 71.22±0.16

 c
 59.05±0.15

 c
 47.21±0.21

 

0.2%bio-adsorbent 
a 
95.45±0.23

 a
 84.33±0.17

 b
 76.59±0.12

 b
 63.29±0.09 

c
 49.89±0.10

 c
 44.78±0.15

 

0.3%bio-adsorbent 
a 
94.39±0.15

 a
 84.39±0.15

 b
 76.54±0.16

 b
 65.49±0.21

 c
 40.32±0.18

 c
 40.28±0.16

 

0.5%bio-adsorbent 
a 
93.02±0.14

 b
 78.18±0.14

 b
 65.32±0.13

 c
 49.78±0.13

 d
 39.81±0.08

 d
 36.48±0.04

 

Untreated contaminated 

wastewater 
a 
99.18±0.05

 a
99.01±0.16

 a
 98.86±0.17

 a
 98.85±0.16

 a
 98.69±0.05

 a
 98.84±0.07

 

Cu Content (mg/L ± SD) 1 min 5 min 10 min 15 min 30 min 40 min 

0.1%bio-adsorbent  
a
 94.52±0.15

 b
 82.01±0.09

 c
 65.44±0.06

 c
 59.17±0.14

 d
 44.28±0.13

 d
 40.17±0.11

 

0.2%bio-adsorbent 
a
 94.44±0.12

 b
 80.17±0.09

 c
 60.18±0.15

 c
 53.07±0.03

 d
 40.29±0.13

 d
 38.76±0.13

 

0.3%bio-adsorbent 
a
 93.29±0.06

 b
 78.43±0.08

 c
 59.37±0.09

 c
 50.18±0.08

 d
 38.22±0.04

 d
 36.54±0.12

 

0.5%bio-adsorbent 
a
 91.09±0.14

 b
 76.07±0.08

 c
 54.23±0.07

 c
 48.72±0.06

 d
 34.82±0.05

 d
 30.11±0.10

 

untreated contaminated 

wastewater 
a
 98.72±0.18

 a
 98.54±0.16

 a
 98.14±0.05

 a
 96.24±0.11

 a
 95.89±0.10

 a
 94.88±0.12

 

Ni  Content(mg/L ± 

SD) 1 min 5 min 10 min 15 min 30 min 40 min 

0.1% bio-adsorbent  
a
 95.66±0.14

 a
 89.73±0.12

 b
 73.44±0.12

 c
 60.21±0.10

 c
 56.34±0.06

 c
 52.39±0.03

 

0.2% bio-adsorbent 
a
 95.03±0.14 

b
 80.24±0.11

 c
 71.62±0.06

 d
 58.43±0.08

 d
 50.94±0.06

 d
 48.44±0.13

 

0.3% bio-adsorbent 
a
 94.89±0.15

 b
 82.01±0.15

 c
 72.33±0.12

 d
 57.03±0.11

 d
 50.11±0.07

 d
 49.34±0.11

 

0.5% bio-adsorbent 
a
 95.01±0.09

 b
 84.33±0.05

 b
 73.02±0.11

 c
 56.09±0.15

 c
 50.81±0.06

 d
 42.23±0.14

 

untreated contaminated 

wastewater 
a
 98.09±0.16

 a
 97.56±0.14

 a
 98.65±0.13

 a
 98.43±0.13

 a
 96.78±0.14

 a
 96.32±0.16

 

Table 1- Effect of contact time on the removal of Pb, Cu and Ni (initial Lead, Copper and Nickel    concentrations =100 mg/L ± SD , 

adsorbent dose=0.1, 0.2, 0.3 and 0.5 mg/100 mL, temperature=25 ± 1 ºC, agitation speed= 400 rpm), pH = 2.5. 

 

*
Mean values with different small letters are significantly different potential of bio-adsorbing for removing heavy metals (p<0.05) 

https://en.wikipedia.org/wiki/Holy_basil
https://en.wikipedia.org/wiki/Holy_basil
https://en.wikipedia.org/wiki/Holy_basil
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Conclusion  

A contact time of 30 min was found to be optimum 

for most of studied heavy metals.Experimental 

results show low cost of root plant waste after 

infusion was effective for the removal of pollutants 

from aqueous solution.The phenomenon of 

enhancing in percent heavy metals removal with 

increase in bio-adsorbent doses was related to the 

availability of more and more adsorbent surfaces 

for the solutes to adsorb,but after the dose of 0.3 

mg/L adsorbent no significant change was 

observed,which means even by a few amounts of 

S.incisa root,the removal of heavy metals from 

contaminated water could be accomplished and this 

green,cheap and ecofriendly method is 

recommended. 
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