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PREFACE 

This thesis was conducted to study the effects of 

phytoremediation to remove cadmium and lead from 

contaminated soil. In order to determine the effect of soil 

texture on the absorbance capacity of every species, 

three different soils texture (clay, clay loam and sandy 

clay loam) would be chosen. 

This report is organized into various sections. 

Introduction describes the  problems about heavy metal 

contamination, and typical smelting operation, and the 

literature review briefly describes the chemistry of heavy 

metals, various options for removing them from soil. It 

also describes the phytoremediation basics and details of 

various researches done in this field.  

The materials and methods describes the various 

experimental methods and set ups used in this thesis. 

Results and discussions are include all the results 

obtained from the experiments and its analysis. Based on 

the analysis, conclusions were made about the 

applicability of phytoremediation using Robinia 

pseudoacacia, Cupressus arizonica and Fraxinus 

rotundifolia var.rotundifolia in a site similar to Iran. 
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Abstract 
Unlike organic compounds, metals do not disapear, and 

they must be removed for cleaning. Most of the 

conventional remedial technologies are expensive and 

inhibit the soil fertility; this subsequently causes 

negative impacts on the ecosystem. Although many of 

metals are essential elements, all of them are toxic at 

higher concentrations, due to the formation of free 

radicals because that cause oxidative stress. Another 

reason why metals may be toxic is that they can replace 

essential metals in pigments or enzymes disrupting their 

function. Thus, metals in the soil are unsuitable for 

growing crops and biodiversity. The purpose of this 

study was to investigate the effects of high cadmium and 

lead soil concentrations on selected physiological 

parameters of three species such as: Robinia 

pseudoacacia, Cupressus arizonica and Fraxinus 

rotundifolia var.rotundifolia. In order to determine the 

effect of soil texture on the absorbance capacity of every 

species, three different soils texture (clay, clay loam and 

sandy clay loam) would be chosen. And then ten one 

years old seedlings from every one of the three different 
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species must be replant.  Secondly four different heavy 

metal concentrations must be chosen as 1000 ppm, 2000 

ppm, 3000 ppm, 4000ppm and control samples.  Then 

soil of every seedling container must be raised to 

expected pollution level. Finally we have 270 seedlings 

per species and totally 810 ones. Seedlings would be 

treated by the pollutant in the first of spring. and then 

leaves, shoots and roots of every seedling would be 

sampled in the end of autumn. Chemical analysis must 

be done by ICP and results analyzed by suitable 

statistical design based on the data distribution model. 

Results show that in general high pollutants 

accumulation in the roots and shoots of all three species 

in all concentrations. In the other word these species 

have high ability to lead and cadmium absorption and 

not harmful for those at least to 4000 ppm. In all 

concentrations, the roots of Robinia pseudoacacia and 

Cupressus arizonica have the maximum absorption and 

accumulation of lead and cadmium, and shoots and 

leaves were in next ranks but the shoots of Fraxinus 

rotundifolia have lead absorbtion more than roots and 

leaves. Results show that Fraxinus rotundifolia and 
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Cupressus arizonica for lead and cadmium absorption 

act the same and there is no significant deference, but 

Robinia pseudoacacia have absorbed more lead than 

cadmium. Overall the roots of Robinia pseudoacacia 

have more lead and cadmium uptake than two other 

species. In all concentrations, shoots and roots of 

Robinia pseudoacacia and Fraxinus rotundifolia have 

the maximum cadmium absorption respectively. Robinia 

pseudoacacia and Cupressus arizonica Shoots have the 

maximum lead absorption respectively. Soil texture has 

not effective role in lead and cadmium uptake and all 

three soil textures (Light, medium and heavy) act the 

same in all three species. This study showed the 

maximum potential for absorbing cadmium and lead is in 

Robinia pseudoacacia, followed by Cupressus arizonica 

and Fraxinus rotundifolia. 

Key words: heavy metal- pollution -Cadmium- Lead- 

Robinia pseudoacacia- Cupressus arizonica - Fraxinus 

rotundifolia var.rotundifolia-  
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Introduction 

General 

Toxicology can be defined as that branch of science 

that deals the poisons, and a poison is any substance that 

causes a harmful effect when administered, by either 

accident or design, to a living organism. In practice 

many complications exist beyond these simple 

definitions, in bringing more precise meaning to what 

constitutes a poison and to the measurement of toxic 

effects (Hodgson, 2004). Although almost any substance 

in sufficient quantities can be a poison, toxicology 

focuses primarily on substances, which can cause these 

adverse effects when administered in relatively small 

quantities (Stine and Brown, 1996). Toxicology is the 

science that experimentally investigates the occurrence, 

nature, incidence, metabolism and risk factors for the 

adverse effects of toxic substances (Williams et al., 

2000). The study of toxicology helpful society in many 

ways, not only protect the humans and environment from 

the deleterious effects of toxicants but also to facilitate 

the development of more selective toxicants such as 
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anticancer and other clinical drugs and pesticides. Poison 

is a quantitative notion, almost any substance can be 

harmful at some doses but, at the same time, Can not be 

Toxic effects at some lower dose. The importance of 

dose is well illustrated by metals that are essential in the 

diet but are toxic at higher doses. Thus copper, iron, 

cobalt, magnesium, manganese, and zinc may be present 

in the diet at too low level (deficiency), at an appropriate 

level (maintenance), or at too high level (toxic) 

(Hodgson, 2004). Toxicity is the any toxic (adverse) 

effect that a chemical or physical agent might produce 

within a living organism (Williams et al., 2000). 

 Toxicology has become a science that builds on and 

uses knowledge developed in other related medical 

science such as biochemistry, physiology, 

pharmacology, pathology, medicine and epidemiology 

(Williams et al., 2000).  

The term of ecotoxicology was first coined by 

Truhaut in 1969 as a natural extension from toxicology, 

the science of the effects of poisons on organisms and 

the ecological effects of pollutants (Moriarity 1988).  
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In the broadest sense, “ecotoxicology” has been 

described as toxicity testing on one or more components 

of any ecosystem as stated by Cairns (Cairns 1989). The 

definition of ecotoxicology can be further expanded as 

the science of predicting effects of potentially toxic 

agents on natural ecosyshoots and non target species. 

Ecotoxicology does not generally include the field of 

industrial and strictly human health toxicology and 

domestic animal and agriculture crop toxicology, which 

are not part of natural ecosystem butare imposed upon 

them. In a more restrictive but useful sense, it can be 

defined as the science of assessing the effects of toxic 

substances on ecosyshoots with the goal of protecting 

entire ecosystem, and not merely isolated components. 

In the field of environmental toxicology, reports of 

anthropogenic contaminants affecting free ranging first 

began to accumulate during the industrial revolution of 

the 1850s. These include cases of arsenic pollution and 

industrial smokestack emission toxicity (Hand book of 

Ecotoxicology). 
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Environmental toxicology  

Study of impacts of pollutants upon the structure and 

function of ecological syshoots are defined as 

environmental toxicology. This term includes every level 

of biological organization from molecular to ecosystem 

(Landis and Yu, 1995). In the case of environmental 

toxicology, the action of chemicals upon environmental 

ecosyshoots forms the basis of the science (Shaw and 

Chadwick, 1998).  

Environmental toxicology is defined as the study of 

the fate and effects of chemicals in the environment. 

Although this compeliment would include toxic 

chemicals naturally found in the environment (i.e., 

animal venom, microbial and plant toxins), 

environmental toxicology is typically affiliated with the 

study of environmental chemicals of anthropogenic 

origin. Environmental toxicology is divided into two 

subcategories: environmental health toxicology and 

ecotoxicology. (fish, wildlife, etc.). The term 

"ecotoxicology" also pointed to the effects of poisons on 

individual organism and has been described as toxicity 
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resting on one or more components of any ecosyshoots 

(Hoffmann et al., 1994).  

In the field of environmental toxicology, reports of 

anthropogenic contaminants affecting on the wildlife 

first began to toxic accumulate during the industrial 

revolution in the early 1800s. These included cases of 

arsenic pollution and industrial smokestack emissions 

toxicity. One early report described the death of fallow 

deer (Dama dama) due to arsenic emission from a silver 

Foundry in Germany in 1887, and another described 

hydrogen sulfide fumes of a Texas oil field cause to kill 

many species of wild birds and mammals (Hoffmann et 

al., 1994).  

The reduction of birds of pray population, especially 

eagles, due to biomagnification of 

dichlorodiphenyltrichloroethane (DDT) (Shaw and 

Chadweek, 1998) and a markedly decline in population 

of American robins resulting from DDT spraying against 

Dutch Elm disease in early 1950s (Hoffmann et al., 

1994), introduction of polychlorinated biphenyl in seals 

and impacts of air pollutants on human health, were a 

few examples of the most important problems. In the 
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1950s and early 1960s technology and science were 

developing very rapidly. In just a few more decade 

energy problem will have been solved, the nuclear 

energy will be tamed completely and technology in all 

nations will make a living standard so high that can not 

been imagined (Schuurmann and Markert, 1998). 

Each of trophic level in an ecosystem can be affected 

by a toxicant. Because of the severe interrelationship 

between these levels, impacts of a toxicant on organisms 

at a level may be spread to other levels (Stine and 

Brown, 1996). Changing in species composition and 

metabolism of an ecosystem usually resulted from 

pollution. For example acid rain and DDT can cause 

altering various levels of biological organizations 

(Schuurmann and Markert, 1998).  

Toxicity tests  

Researchers use a variety toxicity tests to evaluate the 

potential damage of the contaminants into the 

environment and many kinds of in situ toxicity tests have 

been devised (Shaw and Chadweek, 1998). Toxicity tests 

experimentally or via biomonitoring programs require 

chemical, physical and biological methods. This 
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multiplying approach has been led to development of 

ecological risk characterization and assessment that 

quantify human activity effects on biotic communities 

(Hoffmann et al., 1994).  

There are several questions which must be answered in 

determining the toxicity of a chemical substance: (1) 

How dose the substance get into the body, (2) How 

much of the substance is necessary to produce toxicity, 

and (3) what period of time dose exposure occur? 

Toxicity tests attempts to answer these questions and 

thus provide practical information about the risks 

involved in exposure to potentially toxic compounds 

(Stine and Brown, 1996).  

Toxicants introduced into the environment originate 

from two basic sources:  

1) Point discharge, are derived from sources such as 

manufacturing, mining (Stine and Brown, 1996), sewage 

discharge and waste stream from industrial sources 

(Landis and Yu, 1995).  

2)  Nonpoint sources include agricultural and urban 

runoff, atmospheric deposition that is much more 

difficult to characterize (Shaw and Chadweek, 1998). 
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Any chemical can show harmful effects if the amount 

introduced to an organism is high enough. Dose or actual 

amount of material that enters an organism is an 

important factor, which determines its biological effects. 

At low doses no apparent harmful impacts occur. In fact, 

many toxicity assessments result in increased growth of 

the organisms at low doses. Higher doses may result in 

mortality. The relationship between dose and the 

biological effect is the dose-response relationship. In 

some cases, no adverse effects can be appeared until a 

certain threshold concentration is reached.  

The surface to volume ratio, shape, characteristics of 

the organism’s external covering, and respiratory system 

can all dramatically affect the absorption rate of 

chemicals from the environment. There are a large 

number of toxicity tests because of large variety of 

species and ecosyshoots. The toxicity tests can be 

classified based on length of experiment duration as 

acute and chronic toxicity test. Toxicity tests are carried 

out on animals and plants. The tests cover both 

freshwater and marine aquatic ecosyshoots (Landis and 

Yu, 1995) and also individual test on terrestrial, 
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freshwater and marine organisms. In addition, toxicity 

test relies upon trophic level approach. Single species is 

used to represent trophic level and in each level owing to 

test species EC
50 

(effective concentration for 50% 

reduction in growth), LC
50 

(the concentration that kills 

50% population) or LD
50 

(the dose necessary to kill 50% 

population) is determined (Shaw and Chadweek, 1998).  

 

Dose-Response Relationship  

Any chemical can show harmful effects if the 

amount introduced to an organism is high enough. Dose 

or actual amount of material that enters an organism is 

an important factor which determines its biological 

effects. At low doses no apparent harmful impacts occur. 

In fact many toxicity assessments result in increased 

growth of the organisms at low doses. Higher doses may 

result in mortality. The relationship between dose and 

the biological effect is the dose-response relationship. In 

some cases no adverse effects can be appeared until a 

certain threshold concentration is reached. The surface-

to-volume ratio, shape, characteristics of the organism’s 
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external covering, and respiratory system can all 

dramatically affect the absorption rate of chemicals from 

the environment. 

Toxicity is a relative event that depends not only on 

the toxic properties of the chemical and the dose 

administered but also on individual and interspecific 

variation in the metabolic processing of the chemical 

(Hodgson, 2004). A graph which shows the response of 

an organism like plant, animal, enzyme, population or 

biological community to a range of concentrations of 

toxicant is named dose-response curve. Mortality, 

growth inhibition, behavioral changes and other 

responses can be described using this relationship 

(Landis and Yu, 1995).  

A typical dose-response curve is shown in Figure 1.1, 

in which the percentage of organisms or syshoots 

responding to a chemical is plotted against the dose. For 

many chemicals there is a below dose which no effect or 

response that is known as the threshold dose. This 

relationship between dose of the chemical administered 

and the resulting response is established by exposing 

groups of organisms to various concentrations of the 
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chemical. A well defined dose-response curve can then 

be used to calculate the LD50 for the toxicant. In order 

to provide the best estimate of the LD50, the curve is 

typically linearized through appropriate transformations 

of the data (Leblanc, 2004).  

 

 
Fig 1.1.A typical dose response curve  

  

Two parameters of this curve are used to describe it 

(1) The concentration or dose that results in 50% of 

measured effect and (2) The slope of the linear part of 

the curve that passes through the midpoint. The common 

midpoints are referred to as a LD
50

, LC
50

, EC
50 

and IC
50

.  



20 
 

LD
50 

– The dose that causes mortality in 50% of the 

tested organisms estimated by graphical or 

computational means.  

LC
50 

– The concentration that causes mortality in 

50% of the tested organisms estimated by graphical or 

computational means.  

EC
50 

– The concentration that can affect on 50% of 

the tested organisms estimated by graphical or 

computational means. Often this parameter is used for 

effects that are not death.  

IC
50 

– Inhibitory concentration that reduces the 

normal response of an organism by 50% estimated by 

graphical or computational means. Growth rates of 

algae, bacteria, and other organisms are often measured 

as an IC
50 

(Landis and Yu, 1995).  

Water and Soil Pollutants  

Water is covered three-quarters of the earth’s surface 

and much of the remainder covered by soil, so can be 

said that water and soil serve as the ultimate sinks for 

most anthropogenic chemicals. Recently the main 
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concern with water pollution was health effects due to 

pathogens, and indeed this is still the case in most 

developing countries.  

Industrial wastes probably constitute the greatest 

single pollution problem in soil and water. These 

contaminants include (1) organic wastes such as 

solvents, petroleum products, pesticides, (2) inorganic 

wastes, such as metals, nitrate, phosphates and many 

unknown chemicals. Contamination of soil and water 

results when by-product chemicals are not properly 

disposed of or conserved. In addition industrial accidents 

may cause to severe local contamination.  

Domestic and municipal wastes, both from sewage 

and from disposal of chemicals, are another major source 

of chemical pollutants. At the turn of the twentieth 

century, municipal wastes received no treatment and 

were discharged directly into rivers or oceans. Even 

today, many older treatment plants do not provide 

sufficient treatment, especially plants in which both 

storm water and sewage are combined. In addition to 

organic matter, detergents, pesticides, fertilizers, and 

metals are significant pollutants discharged from urban 



22 
 

areas. Contamination of soil and water also results from 

the use of pesticides and fertilizers. Persistent pesticides 

applied directly to the soil have the potential to move 

from the soil into the water and thus enter the food chain 

from both soil and water. In a similar way fertilizers 

leach out of the soil or runoff during rain events and 

flow into the natural water syshoots.  

Examples of Pollutants  

Metals that are of environmental concern fall into 

three classes: (1) metals that are possibly carcinogens, 

(2) metals that move easily in soil, and (3) metals that 

move through the food chain. Trace metal in the 

geological sense are the main source of metal toxicity.  

Pesticides are also a major source of concern as water 

and soil pollutants. Because of their stability and 

persistence, the organochlorine compounds such as 

DDT, aldrin, dieldrin, and chlordane are the most 

hazardous pesticides (Hodgson, 2004). Persistent 

pesticides can accumulate in food chains. Pesticides are 

substances used to control organisms which way 

adversely affect public health by attack food and other 

kind of materials (Duffus, 1980).  
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Nitrates and phosphates are two important nutrients 

that have been increasing markedly in natural waters 

since the mid.1960s. Sources of nitrate contamination 

include fertilizers, evacuation from plants sewage, and 

leachate from septic syshoots and manure. Nitrates from 

fertilizers leach readily from soils, and it has been 

estimated that up to 40% of applied nitrates enter water 

sources as runoff and leachate. Fertilizer phosphates, 

however, would like to absorb or connect to soil 

particles, so that only 20% to 25% of applied nitrates are 

leached into water. Phosphate detergents are another 

source of phosphate, one that has been media attention in 

recent years.  

Oils and petroleum are ever-present pollutants in the 

modern environment, whether from the used oil of 

private motorists or spillage from oil tankers. Oil is 

deposited on rocks and sand as well, thus preventing the 

beaches from being used for recreation until after costly 

clean up. Shore animals, such as barnacles, mussels, 

shrimp, and crabs, are also affected by the toxic 

hydrocarbons they gulp. The subtle and perhaps 
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potentially more harmful long-term effects on aquatic 

life are not yet fully understood.  

Volatile organic compounds (VOCs) are other 

common groundwater contaminants. They include 

halogenated solvents and petroleum products, 

collectively referred to as VOCs. Both groups of 

compounds are used in large quantities by a variety of 

industries, such as degreasing, paint, military, and dry 

cleaning. Historically petroleum products were stored in 

underground tanks that would erode, or were spilled onto 

soil surfaces.  

Radioactive contamination as some background 

radiation from natural sources, such as radon, occurs in 

some regions of the world, but there is the main problem 

about the contamination of surface water and 

groundwater by radioactive compounds generated by the 

production of nuclear weapons and by the processing of 

nuclear fuel. Many of these areas have remained 

unrecognized because of government secrecy.  

Acids present in rain or drainage from mines, are 

major pollutants in many freshwater rivers and lakes. 

Because of their ability to reduce acidity of the water to 
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toxic levels and removal toxic metals into solution, acids 

are considered particularly hazardous.  

PCB organic compounds found as soil and water 

contaminants continue to grow each year. They include 

polychlorinated biphenyls (PCBs), phenols, cyanides, 

plasticizers, solvents, and numerous industrial chemicals. 

PCBs were historically used as coolants in electrical 

transformers and are also known by-products of the 

plastic, lubricant, rubber, and paper industries. They are 

steady, lipophilic, and analyze only slowly in tissues.   

Because of these properties they accumulate to high 

concentrations in fish and waterfowl; in 1969 PCBs were 

responsible for the death of thousands of birds in the 

Irish Sea.  

TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin) titeled 

Dioxin has contaminated large areas of water and soil 

through industrial accidents and through widespread use 

of the herbicides.  

Test organisms 

One of the most crucial aspects of toxicity test is 

suitability and healthy of the test organisms and 
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community in the case of multispecies toxicity test. The 

test organism should be widely available and 

successfully maintain in laboratory culture or 

environment. The genetics, genetic composition and 

history of the culture should be known. It is necessary to 

know the relative sensitivities to various classes of 

toxicants in respect to endpoints to be measured. The 

sensitivity of the test species should be representative of 

the particular class or phyla that the species represents. 

In multispecies toxicity tests the interactions among the 

component species should be understood (Landis and 

Yu, 1995). 

Phytotoxicity tests 

The importance of phytotoxicity tests in 

ecotoxicology and risk assessment process has not 

always been obvious. Phytotoxicity tests sometimes are 

more useful than some animal toxicity tests. Most of the 

current standardized phytotoxicity test methods have 

been developed since 1960s by such regulatory and 

standard development agencies as the organization for 

Economic Cooperation and Development (OECD, 
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1984a), International Standards Organization (ISO, 

1987), European Economic Community (1987), the 

American Society for Testing and Materials (ASTM, 

1992), US Environmental Protection Agency (UA EPA) 

and US Food and Drug Administration for the purpose 

of evaluating the potential impacts of these chemicals on 

non-target species. These methodologies differ slightly 

but all of them basically use an easily culture test species 

which is exposed to five concentrations of the toxicant 

for 3-4 days. Solvents are used for insoluble compounds.  

The idea of using metal accumulating plants to 

remove heavy metals and other compounds was first 

introduced in 1983, but this phrase is used three hundred 

years ago for use plant in the treatment of wastewater 

(Hartman, 1975). The generic term ‘Phytoremediation’ 

consists of the Greek prefix phyto (plant)is dried from 

the Latin root remedium (to correct or remove an evil) 

(Cunningham et al., 1996). This technology can be 

applied to both organic and inorganic pollutants present 

in solid (soil), liquid (water) and gas (air) (salt et al., 

1995). The plants were first studied in the late nineteenth 

century were Thlaspi caerulescens and Viola 
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calaminaria the first plant that documented to 

accumulate high levels of metals in leaves 

(Baumann,1885). In 1935, Byers reported that plants of 

the genus Astragalus were capable of accumulating up to 

0.6 % selenium in dry shoot biomass. One decade later, 

the plants were identified with can accumulate up to 1% 

Ni in shoots (Minguzzi and Vergnano, 1948). More 

recently, Rascio (1977) reported tolerance and high Zn 

accumulation in shoots of Thlaspi caerulescens. Allthow 

subsequent reports, copper, cobalt and manganese are 

also introduced hyperaccumulators, dentify plants that 

attract other metals such as Cd, Ni, Se, and Zn is 

required (Salt et al., 1995). The idea of using plants to 

extract metals from contaminated soil was reintroduced 

and developed by Utsunamyia (1980) and Chaney 

(1983), and the first field trial on Zn and Cd 

phytoextraction was conducted in 1991 (Baker et al.). In 

the last decade, the biology of metal phytoextraction has 

been studied widely.  
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Heavy Metal Toxicity to Plants 

A major drawback of phytoremediation is that high 

concentrations of heavy metals or certain combinations 

of heavy metals may adversely affects plant growth and 

biomass production by disrupting the physiology and 

morphology of plants. Some plant species have the 

ability to grow and develop in metalliferous (metal rich 

soils) soils such as near to mining sites. Such plants can 

be utilized to clean up heavy metal polluted sites. The 

general effects of various metals in plant are (Gardea-

Torresdey et al., 2005): 

Cadmium: Decreases seed germination, lipid content 

and plant growth, but induce the production of 

phytochelatins. Phytochelatin is a metal binding peptide 

and has an important role in cadmium detoxification in 

plants. 

Chromium: Causes decrease in enzyme activity and 

plant growth, and produces membrane damage, chlorosis 

and root damage. 
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Copper: Disrupts photosynthesis, plant growth and 

reproductive processes, and decreases thylakoid surface 

area. 

Mercury: Helps to accumulate phenol, but decreases 

the photosynthetic- activity, water uptake and 

antioxidant enzymes. 

Nickel: Reduces seed germination, protein 

production, chlorophyll and enzyme production, and 

accumulation of dry mass, but increases the amount of 

free amino acids. 

lead: Reduces chlorophyll production and plant growth, 

but increases superoxide dismutase (metal containing 

antioxidant enzyme). 

Zinc: Reduces nickel toxicity and seed germination, 

but increases plant growth and ATP/chlorophyll ratio at 

moderate concentrations (Gardea-Torresdey et al, 2005). 

Ecology of heavy metals 

A heavy metal is any of high atomic weight elements, 

which has the properties of a metallic substance at room 

temperature. 
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Heavy metals are important environmental pollutants 

and many of them are toxic even at very low 

concentrations. Biosphere Pollution with toxic metals 

has accelerated dramatically since the beginning of the 

industrial revolution (Nriogo, 1979). The primary 

sources of this pollution are the burning of fossil fuels, 

Mining of metal ores, wastes emissions, pesticides, 

fertilizers, and sewage (Kabata. Pendias and Pendias, 

1989)., All plants can accumulate heavy metals which 

are essential for their growth and development such as 

Mg, Fe, Mn, Zn, Cu, Mo and Ni, from soil and water. 

(Langille and MacLean, 1976).  

All of the 53 heavy metals have beneficial or hazard 

biological affects. This is simply because some heavy 

metals are not available to the living cells in the usual 

ecosyshoots; they may be present in the earth's crust only 

in very low amounts, or the ion of a particular heavy 

metal may not be soluble. To summarize these two 

factors, the composition of sea water may be used as a 

kind of average environment. Depending on their 

concentration in sea water (Nies 1999), four classes of 

heavy metals can be easily differentiated as possible 
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trace elements: frequent elements with concentrations 

between 100 nM and 1 μM (Fe, Zn, Mo), elements with 

concentrations between 10 nM and 100 nM (Ni, Cu, As, 

V, Mn, Sn, U), rare elements (Co, Ce, Ag, Sb) and 

finally elements just below the 1 nM level (Cd, Cr, W, 

Ga, Zr, Th, Hg, Pb). The remaining 31 elements, e.g. 

gold, present at 55.8 pM in sea water, are not likely to 

become trace elements; if an element has a concentration 

of 1 nM in an ecosystem containing a bacterial 

population of 109/ml, each cell would receive only 600 

ions. Thus, elements at an average concentration smaller 

than 1 nM are very unlikely ever to be useful or toxic, 

and it would not pay to harbour metabolic genes for 

these metals. Which of these 22 heavy metals is of some 

biological importance is simply based on the solubility 

function under physiological conditions and the toxicity, 

which involves its affinity to sulfur plus interaction with 

macrobioelements. Because of the low solubility of the 

tri or tetravalent cations (Nies 1999), Sn, Ce, Ga, Zr and 

Th have no biological influence. Of the remaining 17 

heavy metals, Fe, Mo and Mn are important trace 

elements with low toxicity and Zn, Ni, Cu, V, Co and Cr 
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are toxic elements with high to moderate importance as 

trace elements;, Sb, Hg, Ag, Cd, Pb and As have limited 

beneficial function, but are considered as a toxic 

substance.  

Cadmium 

Lead and cadmium are the most important elements 

of heavy metals that can be fined in all of the 

environmental resources (Nabulo et al, 2006). 

Cadmium is usually found in very low concentrations in 

soil and it is also produced as a by-product of zinc and 

lead mining and smelting . It is a heavy metal recognized 

as one of the most hazardous environmental pollutants 

(Lodeiro et al. 2005). This isnot an essential useful 

element to organisms, causing toxicity and other tortious 

effects on various components of the aquatic ecosystems. 

One of the most toxic metal is Cadmium that 

commonly found in industrial workplaces, particularly 

where any ore processing or smelting. By attention to its 

low permissible exposure limit (PEL), over exposures 

may occur even in situations where really low quantities 

of cadmium are found in the parent ore or smelter dust. 

Cadmium is used in electroplating widely, although 



34 
 

normally not be exposed to over exposures. Several 

deaths from acute exposure among welders have been 

reported who have welded on cadmium-containing 

alloys or worked with silver solders. Some industrial 

paints have Cadmium also and may be dangerous when 

sprayed. Removal of cadmium paints by scraping or 

blasting may be equally dangerous. Cadmium is also 

used in the production of some types of batteries. Upon 

heating, Cadmium provides a special brown fume 

(CdO), which is almost non-irritating, so does not alarm 

the exposed individual. 

Cadmium salts such as sulfides, carbonates or oxides 

are unsolved in water but under affected by oxygen and 

some acid substances can be converted to soluble salts 

(Jonnalagadda and Rao, 1993). Cadmium is highly 

mobile in the soil-plant system. This metal can 

accumulate in plants without causing any detectable 

toxic effects to the plant growth (Alkorta et al., 2004). 

Cadmium is present in most of the zinc contaminated 

sites. Different plants such as indian mustard (Brassica 

juncea), willow clones (Salix), alpine penny-cress 

(Thlaspi caerulescens), sunflower (Helianthus annus) 
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and corn (Zea mays) are able to accumulate Cd. Brassica 

juncea was able to accumulate cadmium from a soil with 

a concentration of 200 mg kg -1 Cd in soil (Jiang et al., 

2003). Experiments showed that Thlaspi caerulescens 

can be a good phytoremediator in a soil with 390 mg kg -

1 Cd (Wu et al., 2004). Helianthus annus and Zea mays 

were also found as good accumulators in soil with a 

cadmium concentration of 90 mg kg -1 (Spirochova et 

al., 2003). 

Lead 

Lead (Pb) is one of the most frequently encountered 

heavy metals in polluted environments that pose serious 

environmental and human health hazards. Due to a high 

affinity for soils, lead is estimated to have a long 

retention time, in some cases, for as long as 5000 years.  

Pb exists in two valance states within soils: pb2+ and 

pb4+. Soil Pb occurs at concentrations between 2 and 

200 mg Pb kg-' soil (Pierzynski et al., 1994).  

Numerous studies show that significant amounts of 

lead are often found in soils. Sources of Pb 

contamination originate from cars, metal smelting plants, 

mines, traffic emission and Pb-containing coal 
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combustion, lead based paint, lead contaminated sludge 

and industrial Wastes (Friedland 1990; Zakrzewski 

1991; Xiong 1997, Xiong et al. 2001 and 2005). Lead 

has not been shown the essential role in plant 

metabolism, although there is in all plants naturally 

(Kabata.Pendias and Pendias, 1984; Xiong 1997). 

Natural geological processes are not to the only 

sources of Pb accumulation in soils. Anthropological 

activities have also enriched soil with high Pb 

concentrations. Before the 1980s, the provious use of 

lead arsenate (LA) as a pesticide by the agricultural 

sector has resulted in Pb enrichment of some soil 

(Chisholm, 1972; Maclean and Langille, 1973). This 

could pose a health risk to humans and their 

environment.  

Pb enters the aquatic environment through erosion 

and leaching from the soil, combustion of petrol, Pb.dust 

deposit from the atmosphere, domestic and industrial 

waste discharges, runoff of fallout deposits from roads 

and other surfaces, also in precipitation (Harte et al,. 

1991). Pb appears is presented and bioaccumulated in 

aquatic organisms (Moriarty, 1990). 
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Pb. occurs in the environment in a wide range of 

physical and chemical forms that greatly influence its 

behavior and its effects on the ecosystem. Pb (II) is the 

most stable ionic species present in the environment, and 

is thought to be the form in which most Pb is 

bioaccumulated by aquatic organisms. Reported lead 

concentration in natural freshwater was 0.005 mg/l 

(EPA, 1981).  

There are many plants that can accumulate lead in a 

very high concentration in its different parts. Brassica 

juncea can be effectively used as a phytoremediator for 

soils with lead contamination up to 500 mg Pb kg -1 of 

soil. Helianthus annus and Zea mays have been grown in 

a soil with a concentration of 16,000 mg kg -1 Pb 

(Spirochova et al., 2003). Research using Piptatherum 

miliaceum (Smilo grass) has shown that this species can 

be used for remediating the metal contamination in a soil 

with 300 to 1,500 mg kg -1 Pb concentration (Garcia et 

al., 2004). Thlaspi praecox is able to accumulate a 

considerable amount of Pb from soil with a 

concentration of 67,940 mg Pb kg -1 (Mikus et al., 

2005). Hemidesmus indicus has been shown to remove 
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65% of the lead effectively from a soil having 10,000 

ppm of lead concentration (Sekhar et al., 2005). 

Plant response to heavy metals 

Plants have three basic strategies for growth on metal 

contaminated soil (Raskin et al,. 1994). 

Metal excluders 

They prevent metal from entering their aerial parts or 

maintain low and constant metal concentration over a 

broad range of metal concentration in soil; they mainly 

decrease metal in their roots. The plant may change its 

membrane permeability by change metal binding 

capacity of cell walls or extrude more chelating 

substances (Cunningham, 1995). 

Metal indicators 

Species which actively accumulate metal in their 

aerial tissues and generally reflect metal level in the soil. 

They can tolerate the different concentration level of 

metals by producing intracellular metal binding 

compounds (chelators), or alter metal 
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compartmentalisation pattern by storing metals in non-

sensitive parts.  

Metal accumulator plant species 

They can concentrate metal in their aerial parts much 

more than soil. The plants that can absorb high levels of 

contaminants concentrated either in their roots, shoots 

and/or leaves are Hyperaccumulators (Raskin et al,. 

1994. Cunningham, 1996. Baker et al,. 1994). Baker and 

Brooks have defined metal hyperaccumulator as plants 

that contain more than or up to 0.1% i.e. more than 

(1000 mg/g) of copper, chromium, cadmium, lead, 

nickel and cobalt or 1% (>10,000 mg/g) of zinc or 

manganese in the dry matter. It is > 0.01% by dry weight 

for cadmium and other rare metals, (Baker, 1989). 

Researchers have identified hyperaccumulator species by 

collecting plants from the areas where soil contains 

greater than usual amount of metals as in case of 

polluted areas or geographically rich in a particular 

element (Gleba et al,. 1999). Approximately 400 

hyperaccumulator plant species belong to 22 families 

have been identified. A large number of 
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hyperaccumulating species is belong to Brassicaceae 

family with widest range of metals; these include 87 

species from 11 genera (Baker, 1989). 

A summary on phytoremediation of heavy metals 

Metal contaminated soil can be remediated by 

physical, chemical, and biological techniques. These can 

be divided into two group (Baker & Walker, 1990). 

Ex-situ method 

It requires removal pollutant from contaminated soil 

on the site, and returning the treated soil to the resorted 

site. In formal ex-situ methods the polluted soils relies 

detoxification and/or destruction of contaminant 

physically or chemically by excavation, as a result the 

contaminant undergo stabilization, incineration, 

immobilisation, solidification or destruction. 

In-situ method 
It is remediation without excavation of contaminated 

site. defined in-situ remediation technologies as 

destruction or transformation of the contaminant, to 

reduce bioavailability and separation of the pollution 
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from the bulk soil (Reed et al., 1992). In-situ techniques 

are favored over the ex-situ techniques due to their low 

cost and reduced impact on the ecosystem. Usually, the 

ex-situ technique is to excavate contaminated soil with 

heavy metal and their buried them in landfill site 

(McNeil, and Waring, 1992; Smith, 1993). But the 

offsite burial is not an appropriate option because it 

merely shifts the contamination problem elsewhere 

(Smith, 1993). and also because of hazards associated 

with the transport of contaminated soil (Williams, 1988). 

Diluting the heavy metal content to safe level by 

importing the clean soil and mixing with the 

contaminated soil can be an alternative of on-site 

management (Musgrove, 1991). On-site inhibition and 

barriers provide an alternative, it include covering the 

soil with inert material (Body, & Inglis, and Mulcahy, 

1988). Immobilization of inorganic contaminant can be 

used as a remedial method for heavy metal contaminated 

soils (Mench, et al., 1994). This can be achieved by 

making complex the contaminants, or to raise the soil ph 

by increasing lime (Alloway & Jackson, 1991). 

Increased pH decreases the solubility of heavy metals 
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like Zn, Cd, Cu and Ni in soil. However the potential 

risk of plants exposure is reduced, their concentration 

has remained unchanged. these conventional remediation 

technologies are expensive usually and impaired further 

disturbance in the already damaged environment 

(Mench, et al., 1994; Alloway & Jackson, 1991). 

Bioremediation technologies using the plants have been 

collectively termed as phytoremediation; its means the 

use of green plants and their associated micro biota for 

the in-situ treating contaminated soil and water 

(Sadowsky, 1999). The idea of using plants for metal 

accumulation to remove heavy metals and other 

compounds was first introduced in 1983, but the concept 

has actually been used for the past 300 years (Henry, 

2000). Phytoremediation term consists of the Greek 

prefix phyto (plant), attached to the Latin root remedium 

(to correct or remove an evil) (Cunningham, et al., 

1996). This technology can be applied to both organic 

and inorganic pollutants present in soil (solid substrate), 

water (liquid substrate) or the air (Salt, et al., 1998; 

Raskin, et al., 1994) The physico-chemical techniques  

for soil remediation render the land useless for plant 
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growth as they remove all biological activities, including 

useful microbes such as mycorrhizae, fungi, nitrogen 

fixing bacteria, as well as fauna in the process of 

decontamination (Burns, et al., 1996). The conventional 

methods of remediation may cost from $10 to 1000 per 

cubic meter. Phytoextraction cost is estimated to be at 

least $ 0.05 per cubic meter (Cunningham, et al.,  1997).  

Phytoremediation composed of five main processes, 

shown in Table 1. This paper focuses studies on the 

phytoremediation especially phytoextraction of heavy 

metal contaminated soil using in-situ technique. 

Rhizofiltration 
Rhizofiltration is the use both of terrestrial and aquatic 

plants; to absorb, concentrate, and precipitate 

contaminants from polluted aqueous environments in 

their roots with low contaminant concentration. It can 

partly treat industrial evacuation, acid mine drainage, or 

agricultural runoff. It can be used for cadmium, copper, 

lead, nickel, chromium and zinc, which are primarily 

retained with in the roots (Chaudhry, et al., 1998; 

US.P.A.R., 2000). The advantages of rhizofiltration 
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include it ability to be used as in-situ or ex-situ 

applications and species other than hyperaccumulators 

can also be used. Some plants such as sunflower, 

tobacco, rye, Indian mustard, spinach and corn have 

been studied for their ability to remove lead from 

sewage. Results show that the greatest ability is 

belonging to sunflower. Indian mustard has proven has 

effective role in removing a wide concentration range of 

lead (4 – 500 mg/l) (Raskin & Ensley, 2000). The 

technology has been tested in the field with uranium (U) 

contaminated water at concentrations of 21-874 μg/l; the 

treated U concentration reported by Dushenkov was < 20 

μg/l before discharge into the environment (Dushenkov, 

et al., 1997) 

Phytostabilisation 
It is mostly used for the remediation of soil, sediment 

and sludges (US.P.A.R., 2000; Mueller, et al., 1999) and 

depends on roots ability to limit contaminant mobility 

and bioavalability in the soil. Phytostabilisation can 

occur through the sorption, precipitation,making 

complex, or metal valence reduction. The first purpose 
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of using plant is to decrease the amount of water 

percolating via the soil matrix, which may help to the 

formation of hazardous leachate and debarment soil 

erosion and distribution of the toxic metal to other sites. 

A dense root system stabilizes the soil and prevents 

erosion (Berti, & Cunningham, 2000). It is very effective 

when rapid immobilisation is needed to preserve ground 

and surface water and disposal of biomass is not 

required. Although the contaminants remaining in the 

soil is the major disadvantage and therefore regular 

monitoring is required.  

Phytoextraction 
It is the best approach to remove the contamination 

primarily from soil and isolate it, without destroying the 

soil structure and fertility. It is also referred as 

phytoaccumulation (US.P.A.R., 2000). The plant 

absorbs, concentrate and precipitate heavy metals and 

hazard material from contaminated soil into its biomass. 

it is the best way for the remediation of polluted areas 

that pollutants occur only at really low concentration and 

superficially (Rulkens et al., 1998). Several approaches 
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have been used but the two basic strategies of 

phytoextraction, which have finally developed are; i) 

Chelate assisted phytoextraction, and with add artificial 

chelates the mobility and toxic metal absorption 

increase. ii) Continuous phytoextraction in the removal 

of this metal depends on the natural ability of the plant to 

remediate; only the number of plant growth repetitions 

are controlled (Salt et al., 1995; Salt et al., 1997). 

Discovery of hyperaccumulator species has further 

boosted this technology. In order to make this feasible 

technology, the plants must extract high concentrations 

of heavy metals into their roots, transfer the heavy 

metals to surface biomass, and increase biomass 

production. The removal heavy metal can be recycled 

from the contaminated plant biomass (Brooks, et al., 

1998). Some factors as element selectivity, growth rate, 

resistance to disease and harvesting method, are also 

important (Cunningham & Ow, 1996; Baker et al., 

1994). However some factors as: shallow root system, 

slow growth, small biomass production and  final 

disposal limit the use of hyperaccumulator species 
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(Brooks, 1994). Phytoextraction studies of Heavy metals 

have been elaborately discussed later. 

Phytovolatilization 
Phytovolatilization involves the use of plants to 

deletion contaminants from the soil, conversion them 

into volatile form and transferring them to atmosphere 

by transpiration. Phytovolatilization occurs in growing 

trees and other plants when uptake water and the organic 

and inorganic contaminants. Some of these contaminants 

with low concentrations can pass through the plants and 

evaporates into the atmosphere by leaves (Mueller, 

1999). Phytovolatilization has been primarily used to 

remove mercury, the mercuric ion is become to less toxic 

elemental mercury. The disadvantage is, mercury 

released into the atmosphere is likely to be recycled by 

precipitation and then redeposit back into ecosystem 

(Henry, 2000). Gary Banuelos of USDS’s Agricultural 

Research Service have found that some plants grow in 

high Selenium media produce volatile selenium in the 

form of dimethylselenide and dimethyldiselenide 

(Bañuelos, 2000). Phytovolatilization has been 



48 
 

successful in tritium (3H), a hydrogen radioactive 

isotope of, Dushenkov reported it is decayed to stable 

helium with a half-life about 12 years (Dushenkov, 

2003). 

Phytodegradation 
 plant metabolism in phytoremediation is reduce 

contaminant compounds by transformation, break down, 

volatilizing or stabilization from soil and water. organics 

are breakdown in phytodegradation prosses, uptake by 

plant to simpler molecules that are exist into the plant 

tissues (Chaudhry et al., 1998). There are some enzymes 

in plants that can breakdown and convert important 

wastes, chlorinated solvents some herbicides such as 

trichloroethylene. The enzymes are usually 

dehalogenases, oxygenizes and reeducates (Black, 1995). 

Rhizodegradation is the breakdown of organics in the 

soil through microbial activity of the root zone 

(rhizosphere) and is a much slower process than 

phytodegradation. Yeast, fungi, bacteria and other 

microorganisms consume and digest organic substances 

like fuels and solvents. All phytoremediation 
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technologies are not exclusive and may be used 

simultaneously, but extraction of this metal depends on 

its bio available fraction in soil. 

  

Bioaccumulation 

Bioaccumulation is a process in which a chemical 

pollutant enters into the body of an organism and no 

disposal, but rather accumulates in the organism’s tissues 

(Zweig et al. 1999). Metals that are sediment in the 

aquatic environment may inter to the food chain and 

cause ecological damage while also posing a threat to 

human health (Ermosele et al. 1995). Bioaccumulation 

involves the accumulation of chemicals toxic in living 

organisms and becomes an environmental problem, 

where this will causes to a high amount in the 

organisms’ body. Bioaccumulation of metal for many 

aquatic biotas has been reported. These include 

macrophytes, fishes, invertebrates, benthic organisms, 

plankton and zooplankton (Heng et al. 2004, Tomazelli 

et al. 2003, Demirak et al. 2006, Van den Broek et al. 

2002 and Ravera, 2003).  
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Bioconcentration is the specific bioaccumulation 

process by which the concentration of a chemical in an 

organism becomes higher than its concentration in the air 

or water of environment. Although the process is for 

both natural and artificial chemicals, bio-concentration 

term usually refers to chemicals outputs of organism. 

Phytoextraction 

It is the best approach to remove the contamination 

primarily from soil and isolate it, without destroying the 

soil structure and fertility. It is also referred as 

phytoaccumulation (EPA, 2000). As the plant absorb, 

concentrate and precipitate toxic metals and radionuclide 

from contaminated soils into the biomass, it is the best 

method for the remediation in the areas that with a low 

viscosity and surface contamination (Rulkens et al., 

1998). Several approaches have been used but there are 

two basic strategies of phytoextraction as;  

1) Chelate assisted phytoextraction or induced 

phytoextraction, that artificial Chelates are added to 

increase the mobility and metal contaminant absorption. 
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This method has been successfully to remove lead from 

contaminated soils using some varieties of Indian 

mustard (Brassica juncea L.). These varieties have large 

shoot biomass with the high ability of roots to adsorb 

EDTA-chelated lead and transport it from soil solution 

and to their shoots. The transpiration prosses is maybe 

the main carrier of metal chelated solution to the shoots, 

its mean that the water is transpired while metal 

accumulates (Vassil et al,. 1998). Chelate-assisted 

phytoextraction was also successfully used to 

phytoextract uranium (Huang et al,. 2008). 

2) Continuous phytoextraction in this the removal of 

metal depends on the natural ability of the plant to 

remediate; only the number of plant growth repetitions 

are controlled (salt et al., 1995).  

Giant underground networks formed by the roots of 

living plants function as solar-driven pumps that extract 

and concentrate essential elements and compounds from 

water and soil. Absorbed substances are used to carbon 

fixation and support reproductiion prosses within shoots. 

Metal phytoextraction is based on plants metal-
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accumulating to transport and concentrate toxic metals, 

such as cadmium, lead, and uranium, from the soil into 

the harvestable areial shoots (Salt et al,. 1998. Kumar et 

al,. 1995. Vassil et al,. 1998). 

This technology has further boosted by introduction 

of hyperaccumulator species. For application this 

technology, the large concentrations of heavy metals 

must extract into the roots of plants, translocate the 

heavy metals to surface biomass, and produce a large 

amount of plant biomass. The contaminated plant 

biomass can be recycled the removed heavy metal 

(Brooks et al., 1998). Some factors such as resistance to 

disease, element selectivity, growth rate and method of 

harvesting, are also important (Baker et al., 1994) there 

are some limition factors to use of hyperaccumulator 

species as: slow growth, shallow root system, small 

biomass production, final disposal (Brooks et al., 1998). 

Phytoextraction studies of Heavy metals have been 

elaborately discussed later. 

One of the reason of phytoextraction acceptance is 

related to the measurement of its performance, ultimate 

utilization by products and overall its economic viability. 
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 To date, commercial phytoextraction has been 

constrained by the expectation that site remediation 

should be achieved in a time comparable to other clean-

up technologies. The most of phytoremediation 

experiments Have been performed in laboratory 

environments, where plants grown in hydroponic setting 

and heavy metals are added to food. The result is 

promising but scientists are ready to admit that solution 

culture is quite different from the soil. The biggest 

problem in real soil is that many metals are less available 

because they exist in  insoluble forms (Kochian 1996). 

Phytoremediation 
Many attempts have been done recently to find 

methods of removing heavy metals from soil, 

phytoremediation is one of them (Antonkiewicz and 

Jasiewicz, 2002; Igwe and Abia, 2006; Horsfall and 

Spiff, 2005). 

Toxic metals and xenobiotics as environmental 

pollutant are global problem, and there is significant 

interest to the development of phytoremediation 
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technologies based on plant clean-up of contaminated 

soils (Ute Kramer, 2005). 

The cost of decontamination of toxic metals from 

nature using chemical procedures is exorbitant. Hence, 

that the usage of indigenous biodegradable resources for 

treating hazardous would be less expensive is relevant to 

regional emerging environmental biotechnology. The 

concentration amounts of contaminants in plants are 

varying for different metals. To clean up metals in 

contaminated soils a wide variety of biomass, including 

bacteria, fungi (free and immobilized), algae, and higher 

plants (agricultural and forestry species), have been 

tested as adsorbents (Prasad, M.N.V. and Freitas, H., 

1999). 

The decontamination of heavy metal contaminated 

soils by engineering methods is high costing projects 

(Huang et al. 1997; Hajiboland 2005). An emerging 

technology known as phytoremediation uses vegetation 

to remove pollutants from water and soil.  

Phytoextraction exploits the ability of plant roots to 

remove unwanted contaminants from their environment.  
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The theory which can be remove heavy metals and 

other contaminants by plants was first introduced in 

1983, but the concept has actually been used three 

hundred years ago of and clean wastewater treatments by 

plants (Hartman, 1975). The generic term 

‘Phytoremediation’ consists of the Greek prefix phyto 

(plant), attached to the Latin root remedium (to correct 

or remove an evil) (Cunningham et al., 1996). 

Phytoremediation holds a better promise than current 

remediation practices for effective cleanup of hazardous 

waste sites because it is more cost.efficient and 

aesthetically pleasing (Shumaker and Begonia 2005; 

Tanhan et al. 2007). The process of phytoremediation 

generally requires the translocation of heavy metals to 

the easily harvestable shoots. Dried, ashed or composted 

plants contain highly enriched heavy metals that may be 

isolated as hazardous waste or recycled as metal ore. The 

efficiency of phytoremediation for a given species is 

determined by two key factors: biomass production and 

the metal bioaccumulation factor (the ration of 

concentration of metal in plant to the concentration in 

soil or water). Plant must produce sufficient biomass 
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while accumulating high concentrations of heavy metals 

(Shumaker and Begonia 2005; Hajiboland 2005; Tanhan 

et al. 2007). 

 

 

 

 

 

 
 

Fig. 1. Schematic diagram of phytoremediation process 

Types of Phytoremediation Technologies 
Phytoremediation can be defines as the combined use 

of plants, soil improve and agronomic practices to 

remove pollutants from the environment or to reduce its 

toxicity (Clemente et al., 2005). Depending upon the 

process by which plants are removing or reducing the 

toxic effect of contaminants from the soil, 

phytoremediation technology can be broadly classified 

as follows. 
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Phytoextraction: This is the process of using  

 

pollutant-accumulating plants to remove metals or 

organics from soil by concentrating them in harvestable 

plant parts. Phytotransformation: This is the partial or 

total degradation of complex organic molecules by their 

incorporation into plant tissues. 

Phytostimulation: In this process the release of plant 

exudates or enzymes into the root zone stimulates the 

microbial and fungal degradation of organic pollutants. 

Phytostabilization: This is a method that uses plants to 

reduce mobility of contaminants (both organic and 

metallic contaminants) by preventing erosion, leaching, 

or runoff and to reduce bioavailability of pollutants in 

the environment, thereby preventing their migration to 

groundwater or their entry into the food chain (Pilon-

Smits, 2005). 

Phytovolatilisation: This is the technique of using 

plants to volatilize pollutants or metabolites. This 

technology can be used for volatile organic carbons 

(VOCs) and for the few inorganics that can exist in 
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volatile forms such as selenium and mercury (Pilon- 

Smits, 2005). 

Rhizofiltration: This is the use of plant roots to absorb 

or adsorb pollutants, mainly metals, but also organic 

pollutants, from water and aqueous waste streams. 

Pump and tree: This method is the use of trees to 

evaporate water and simultaneously to extract pollutants 

from the soil. 

Hydraulic control: It is the controlling of water table 

and soil field capacity by plant canopies. 

(Schwitzguebel, 2004). 
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Tab.1. General Advantages and Disadvantages of 

Phytoremediation (Raskin and Ensley, 2000). 

Advantages Disadvantages 
 

Cost 
Low capital and operating cost 
The economic benefits of 
recycling metal 
 
Performance 
Permanent treatment solution 
In situ application avoids 
excavation 
Capable of remediating 
bioavailable 
fraction of contaminants 
Capable of mineralizing 
organics 
Applicable to variety of 
contaminants 
Eliminate secondary air or 
water borne 
Wastes 
Other 
Public acceptance due to 
aesthetic reasons 
Compatible with risk-based 
remediation 
Can be used for site 
investigation or after 
closure 
 

Time 
Slower compared to other 
techniques and 
seasonally dependent 
Most of the hyper accumulators 
are slow 
growers 
Performance 
Not capable of 100% reduction 
May not be functional for all 
mixed wastes 
High contaminant concentration 
may be 
toxic to plants 
Soil phytoremediation is 
applicable only to 
surface soils 
Space 
Groundwater and wastewater 
application 
requires large surface area 
Other 
Regulators are unfamiliar with 
this new 
technology 
Lack of recognized economic 
performance 
data 
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Fate of Absorbed Metals in Plant 
The metals absorbed in a plant can accumulate in 

various parts of the plant. For an effective 

phytoremediation process, the metals should be 

accumulated in a harvestable part of the plant. Brake 

fern, one of the major plants for arsenic 

phytoremediation, accumulated almost 95% of arsenic 

taken up into the aboveground biomass. The arsenic 

concentration in the brake fern root was the least when 

compared to the other parts. The highest concentration 

was reported in old fronds followed by young fronds, 

fiddle heads, and rhizomes (Zhang, 2004). Arsenate 

usually enters the plant root through the phosphate 

uptake system, and to limit the toxicity the plant 

chemically reduce As(V) to As(III) in the roots. In the 

case of Indian mustard, a large portion of absorbed As 

remains in the root itself and a small amount of arsenic is 

transported to the shoots, however the addition of water 

soluble As- chelators can increase this fraction (Salt, 

2002). 

In most of plants, the major portion of absorbed Cd 

remains in the root of the plant and only some is 
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translocated to the shoots (Salt, 2002). Sunflower 

accumulates zinc mostly in the stem (437.81 mg Zn/ kg 

dry weight) and lead in roots (54.53 mg Pb/kg dry 

weight). 

In the case of corn, lead and zinc were accumulated 

more in leaves (84.52 mg Pb/kg dry weight) (1967 mg 

Zn/kg dry weight) (Spirochova et al., 2003). 

Hemidesmus indicus accumulates lead in the shoots 

(Sekhar et al., 2005) and Smilo grass accumulates lead in 

roots and zinc in shoots (Garcia et al., 2004). 

Experiments on Thlaspi praecox revealed that Zn and Cd 

accumulate in the shoots and their concentration in the 

shoots is linearly correlated with total soil Zn and Cd 

concentrations, thus confirming that the plant can be 

used for the phytoremediation of soil contaminated with 

Zn and Cd. At the same time 80% of the accumulated 

lead is immobilized in the roots (Mikus et al., 2005). 

Vascular Plants 
Macrophytes are used less frequently than alga in 

toxicity tests. In one literature survey, only 7% of 528 

reported phytotoxicity tests used macrophyte species 
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because application of macrophytes increases variability 

between replicates and have been difficult to control 

(Lewise, 1995). The ecotoxicological effects of a 

chemical on plants depend on both exposure 

concentration and exposure time. Immediate effects after 

a short time exposure to a high concentration are defined 

acute exposure. Due to longevity of organisms, for 

example more than a hundred years for several grass, 

herb and tree species, the long-term effects of relatively 

low concentrations are interests. This is called chronic 

exposure. In the case of plants various parts of plants 

may be affected by the same pollutant at different times 

and different concentration in life history. In plants 

certain life stages have a very short exposure time by 

nature. Pollen grains are very short living. Therefore, the 

exposure concentration has to be very high for an 

ecological effect (Schuurmann and Markert, 1998). 

Aquatic vascular plants or macrophytes are 

considered as important primary producer of aquatic 

ecosyshoots and play a significant role in nutrient 

cycling pathways. They also provide habitat for variety 

kinds of organisms either as a substrate or refuge or as a 
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food source. Therefore, any effect in the macrophytes 

may lead to indirect effects in the organisms and nutrient 

cycle that are dependent on or associated with the plants 

(MC Cann et al., 2000). The macrophytes include 

mosses, liverworts, ferns and angiosperms that are 

classified as floating, submersed and emergent. Both 

freshwater and saltwater vascular plants are food sources 

for waterfowl, fish and invertebrates. They can produce 

oxygen by solar energy, assimilate carbon, contribute to 

nutrient cycling and provide habitant for aquatic life and 

for these reasons, these trophic level is critical to 

stability of aquatic ecosyshoots.  

There is not often adequate knowledge about typical, 

optimal and reproducible growth conditions. Rooted 

plants with a complex rooting substrate represent 

additive difficulties in toxicity tests. A few species of 

floating and submerged plants ever have been used for 

toxicity tests and fate of aquatic contaminants 

(Hoffmann et al., 1994). Plants are often exposed 

through the soil, water and atmosphere deposition 

(Landis and Yu, 1995). 
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Selection of plants 
The ability of a plant species to clean up a metal-

contaminated site depends upon the amount of metals 

that can be accumulated by the candidate plant, the 

growth rate of the plant and the planting density. There 

are several factors which decide the ideal plant for 

phytoremediation. One of them is that the plant should 

have sufficient tolerance to the site conditions to grow 

well and should be able to accumulate multiple metal 

contaminants. The most important factor is that the plant 

species should be fast growing and easy to harvest 

(McIntyre, 2003). In general, favorable plant properties 

for phytoremediation are to be fast growing, have high 

biomass, and are tolerant to pollution.  

High levels of plant uptake, transmission and 

accumulation in harvestable tissues of the plant are 

important properties for the phytoextraction of 

inorganics (Pilon-Smits, 2005). There are many naturally 

occurring metal accumulators. But biotechnology 

techniques can be used to develop plants with even 

better characteristics for phytoremeditaion such as ability 

to accumulate multiple metals (McIntyre, 2003). These 
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advances are promising for improving the effective use 

of phytoremediation technology for cleaning up the soil 

of contaminated sites. 

The ideal plant species to remediate a heavy metal-

contaminated soil would be a high biomass producing 

crop that can both tolerate and accumulate the 

contaminants of interest (Ebbs and Kochian, 1997). 

Tree species are generally not able to adapt to high 

concentrations of heavy metals in the soil, resulting in 

the evolution of only a few metal-tolerant ecotypes 

(Kahle, 1993). However, the lack of reported toxicity 

symptoms in trees indicates that their tolerance 

mechanisms may allow them to withstand higher heavy 

metal concentrations than agricultural crops (Riddell-

Black, 1993). 

Therefore determination of absorbance capacity in the 

native plants for all of the countries, have an important 

role in environmental policy. Plantation in countryside 

by planting different species of trees in order to create 

attractive landscapes for recreation usages and 

decreasing of environmental pollutant is a common 

method in the world.  
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Trees are suggested as a low expense, with 

sustainablility and ecologically sound solution to the 

remediation of heavy metal contaminated land 

(Dickinson, 2000), especially when it is uneconomic to 

use other treatment or there is no time pressure on the 

reuse of the land. 

Punshon and Dickinson (1996) suggested that the 

following characteristics were beneficial for woody 

plants: 

1) ability to grow on Poor soil nutrients; 

2) deep root system; 

3) fast rate of grow; 

4) metal-resistance trait 

In this study three species of tree includes: Robinia 

pseudoacacia, Cupressus arizonica and Fraxinus 

rotundifolia were considered. 
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Robinia pseudoacacia L. 

 

 
 

Fig. 2. Robinia pseudoacacia 
 

Another name of Robinia pseudoacacia is Black 

Locust. This tree is belong to subfamily Faboideae of 

the Fabaceae. Althoughhas been widely planted and 

naturalized elsewhere in temperate North America, 

Europe, Southern Africa and Asia, this species is native 

to the southeastern United States, and in some areas it is 

known as an invasive species 
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Its trunk diameter is about up to 0.8 m (very old trees 

are up to 52 m tall and 1.6 m diameter), with deep 

furrow, thick and blackish bark. The leaves are pinnate 

with 10–25 cm long and 9–19 oval leaflets, 2–5 cm long 

and 1.5–3 cm width. At the base each leaf usually there 

is a pair of short thorns 1–2 mm long or absent. The 

flowers are white and intensely fragrant, are sggregated 

in clusters with 8–20 cm lenght that apparently are 

edible. The fruit is a legume containing 4–10 seeds and 

5–10 cm long. 

There aren't long branched spines on the trunk, but at 

the base of each leaf there are much broader short thorns 

and leaflets. 

Robinia pseudoacacia is native from Pennsylvania to 

northern Georgia and westward of Arkansas and 

Oklahoma, but has been distributed widely. Its lenght 

Reaches of seventy feet with three to four feet trunk 

diameter, brittle branches with an oblong narrow head 

and Spreads by rhyzomes. In humid climate especially at 
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night the leaflets fold together; some position change at 

night is the leguminous family habit. 

Its bark is dark gray brown tinged with red, with deep 

grooves. Branches coated with white silvery pile that 

disappears soon and change to pale green, and then turns 

reddish brown. Stipules are triangular, sharp, short, dark 

purple, and dilated at base. Wood is heavy, hard, strong, 

pale yellowish brown. 

Its winter buds are naked and three or four together, 

protected by a thick coat of tomentum in a on the inner 

surface and germinate in early spring; when base of the 

petiole are swollen.  

The leaves are compound pectinate, imparipinnate, 21-

40 inches lenght, petioles are slender and hairy, at the 

base grooved and swollen. Leaflets are seven to nine 

with one to two inches lenght and petiolate. Two to three 

quarters of an inch in width, at apex emarginate or 

rounded. They are removed of the bud, Yellowish green, 

covered with silvery pile which soon disappears; after 

full grown are dark green. In autumn their color turns to 
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pale yellow. In late spring the leaves are blowing. 

Stipules are linear, tomentose, at first membranous, 

develope into hard woody prickles ultimately, straight to 

slightly curved. Each leaflet has a short petiole and tiny 

Caducous stipule. 

Flowering season is May or June, after the leaves burst. 

The loose drooping racemes are cream-white, fragrant 

with four to five inches length. Lenght of nectar bearing 

is about one inch; Pedicels are slender, dark red or 

reddish green and half inches long. 

Calyx is Campanulate, hairy, gibbous, slightly two-

lipped, five-toothed, dark green with red spots, valvate in 

bud especially on the upper side teeth. 

Corolla is quite similar to butterfly, petals are on the 

tubular disk; vexillum is white with pale yellow spots; 

wings are white, oblong to crescent; claws petals oblique 

and obtuse. 

There are ten Stamens, located inside the petals, 

diadelphous; nine located in one group, united into a 
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tube upper the cleft side, superior one free at the base. 

Anthers are two celled which are opened longitudinally. 

Ovary is upper, stipitate, linear to oblong, and one 

celled. Style is bearded, slender and long. Capitate 

stigma has several ovules. 

Fruit is two valved legume, with three to four inches 

length of smooth and half inch broad, seeds are usually 

four to eight. The seeds aree ripen late fall and hangs on 

the branches until early spring. The Seeds are dark 

orange to brown with irregular signs. Cotyledons are 

oval and fleshy.  
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Cupressus arizonica Greene 

 
Fig. 3. Cupressus arizonica 

Arizona Cypress or Cupressus arizonica, is a species 

of Cyperaceae familly, tree up to 25 m height; its bark is 

gray to black-brown and furrowed; Branches are spread 

horizontally; crown is conical; shoots are short thick, and 

four sided, spread in all directions; foliage are scaly, 

about 2 mm long, pointy, usually Yellowish green; resin 

gland is located on the dorsal side of the leaf, not or only 

slightly conspicuous; cones are globose, dark red-brown, 

petiolate with 2-3 cm lenght,. From 6 to 8 scales are 
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formed when prominents dorsal appendage composed; 

length of seeds is 4-5 mm, dark brown, sometimes bluish 

pruinose, cone is 90-120 cm and cotyledons 4-5" 

(Vidakovic 1991). 

It is a medium-sized tree is evergreen and its crown is 

conic to ovoid-conic. Its length is 10 to 15 m., and its 

diameter at breast height reaches 0.5 m. The foliage is 

dense; it has a large variety of colors from dull gray-

green to bright glaucous blue-green. The leaves have 2-

5 mm long and scaly, and create rounded (not flattened) 

shoots. Seed shape varies from round to oblong, with 6 

or 8 (rarely 4 or 10) scales, 15-33 mm long, at first 

green, about 20–24 months after pollination (maturing) 

gray or gray-brown. The cones may remain closed for 

years; it is opened only when Parent tree destroyed by 

fire, There will be time to settle the seeds in the bare 

ground by the fire. February-March is when the male 

pollen cones are 3-5 mm long.  

This species is suitable for planting on degraded areas 

and erosion control (Vines, 1960).  In Direct seeding 
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Establishment is slightly better than transplanting.  The 

ability of this species for soil stabilization in degraded 

areas is rated as moderate; Is compatible with both acidic 

and alkaline soils (Plummer, 1977). It is also used as a 

windbreaks (Vines, 1960) and will be planted as the 

Christmas trees (Johnson, 1974). 

Cupressus arizonica grows in dry and well-drained 

soils on cool areas (Brown, 1982, and Vines, 1960), and 

is usually known as a moisture-demanding species of 

riparian habitats. 
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Fraxinus rotundifolia  Mill. 

  
Fig. 4. Fraxinus rotundifolia 

The Desert Ash is highly resistant species appearance 

specimen that its length is up to 25 m., its crown is dense 

and rounded, from spring to autumn's leafy. The leaves 

have 5 to 7, occasionally up to 13 leaflets, and are 

imparipinnate. Leaflets are thin, hairless, bright green, 

and toothed edges; with a taproot root system and strong 

absorption. Flowers are small, green and purple-brown. 

Male and female trees are separate and pollinated by 

wind, in spring flowers appear before leaves. Fruits are 

flat to slightly twist and have 3-4 cm lenght; the clusters 

are narrow and hung. At first fibrous Green and then 
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becomes brown, like ripe dry leaves, with a single seed. 

This tree is compatible with a wide range of soil types 

and habitat conditions, but it is more suitable for moist 

and well drained soils in full sunlight. It's good as create 

shadow on the street large parks and gardens. This tree 

has a background in hot and dry climates in the cool 

temperate to warm temperate range. It is spread into 

open stands by seed and sucker. Wind and water has 

effective role in winged seed dispertion. Desert Ash as 

an exotic species of trees affected by the quality of fresh 

water. This deciduous exotics tree drop all of leaves at 

once in autumn which contributes to some problems 

such as less oxygen and light and more nutrients in the 

water.  
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Excavation of contaminated soils and disposal into 

landfills is the traditional remedial option, and has high 

costs compared to alternative technologies, such as 

phytoremediation (Salt et al., 1998). Phytoremediation is 

defined by the USEPA (1998) as "the direct use of living 

green plants for in situ risk reduction for sediments, 

sludges, contaminated soil and ground water, through the 

removal, destruction or inhibition of solute. 

phytoextraction is one approach that is classified as a 

phytoremediation technique (USEPA, 1998). 

This technology has been applied to both organic and 

inorganic pollutants present in soil (solid substrate), 

water (liquid substrate) or the air (Ghosh and Singh, 

2005).  

Absorption and accumulation of lead in plants has 

been reported in roots, shoots, leaves, fruits, and seeds, 

which increases with increases in the exogenous lead 

level (Xiong 1997; Joseph et al. 2002; Jaja and 

Odoemena 2004; Xiong et al. 2005; Tanhan et al. 2007). 

Excessive lead accumulated in plant tissues can be toxic 

to most plants, so that several physiological and 

biochemical processes as well as plant growth are 
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affected. Responses of plants to lead exposure include 

inhibition of chlorophyll biosynthesis and decrease in 

root elongation and biomass (Liu et al. 1994; Miranda 

and Ilangovan 1996; Xiong 1997; Singh et al., 2003; 

Xiong et al. 2005).  

The potential of some crop plants from Brassicaceae 

for phytoremediation has been extensively studied 

(Baker et al. 1994; Huang and Cunningham 1996; Boyd 

and Martens 1998; Escarre et al. 1999; Xiong and Feng 

2001; Meerts et al. 2003; Xiong et al. 2005) and it was 

demonstrated that some efficient shoot accumulators of 

the genus Brassica contained up to 3.5% on a dry weight 

basis of heavy metals (Nanda.Kumar et al. 1995; 

Hajiboland 2005). However, reports on the potential of 

plants from Graminae family are rare. On the other hand, 

it is likely that winter wheat (Triticum aestivum) is 

potential accumulators for toxic heavy metals such as 

lead (Pb) and cadmium (Cd) in hydroponic syshoots 

(Shumaker and Begonia 2005). This work was studied 

two plants species of Gramineae (Triticum aestivum and 

Hordeum vulgaris) in terms of growth parameters 

(biomass, root length and chlorophyll content) and their 
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metal accumulation in Pb contaminated hydroponics 

culture media in various amounts (250, 500, 1000 and 

2000 mg/l). The specific objectives of this study were to 

determine the test plant s effectiveness for accumulating 

high level of lead in various parts of the plant’s biomass 

(roots and shoots). 

At the end of the 19th century, Thlaspi caerulescens 

and Viola calaminaria were the first plant species 

documented to accumulate high levels of metals in 

leaves (Baumann, 1885). In 1935, Byers reported that 

plants of the genus Astragalus were capable of 

accumulating up to 0.6 % selenium in dry shoot biomass. 

Plants able to accumulate up to 1% Ni in shoots 

identified by Minguzzi and Vergnano one decade later 

(1948). More recently, Rascio (1977) reported tolerance 

and high Zn accumulation in shoots of Thlaspi 

caerulescens. Despite Co, Cu, and Mn were identified as 

hyperaccumulators, the existence of hyperaccumulator 

plants metals other than Se, Cd, Ni, and Zn has been 

questioned and additional studies are needed (Salt et al., 

1995). The idea of using plants to extract metals from 

contaminated soil was reintroduced and developed by 
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Utsunamyia (1980) and Chaney (1983), and the first 

field trial on Zn and Cd phytoextraction was conducted 

in 1991 (Baker et al,.1991). Many research.in the field of 

the metal phytoextraction biology has been done in the 

last decade,  

- Phytoextraction involves contaminant (i.e. Pb) uptake by 

plant roots, and translocation and accumulation into 

plant shoots and leaves (USEPA, 1998). 

- Agricultural root crops, such as carrots (Daucus carota), 

that are grow in soils with elevated lead (Pb) 

concentrations are a potential pathway for Pb 

bioaccumulation because their roots tend to accumulate 

Pb (Chisholm, 1972; Harrison and Laxen, 1981). 

- Metal particles attached to the solid phase can be 

mobilized into the solution phase by changing the soil 

pH, temperature, redox potential, and soil organic matter 

decomposition (Ettler et al., 2005). 

- It has been commonly reported that different 

populations of Pteris vittata are able to hyperaccumulate 

arsenic (As) in their fronds (Ma et al., 2001; Chen et al., 

2002; Wang et al., 2006). 
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- Zea mays L. seedlings accumulated more copper in roots 

but greater contents of zinc in their shoots (Mahmood et 

al., 2005 ) 

- Greger and Landberg (1999) discussed the potential of 

Salix for the  decontamination of Cd-contaminated soils, 

reporting that 12 years of growth would be required to 

remove the Cd accumulated in Swedish soils during the 

last century. 

- species of Thlaspi (Brassicaceae), which can accumulate 

more than 3% Zn, 0.5% Pb and 0.1% Cd in their shoots 

(Baker et al., 1991; Brown et al., 1994), 

- Alyssum (Brassicaceae), some species of which have 

been shown to accumulate over 1% Ni (Brooks et al., 

1979). 

- Lepp and Eardley (1978) found concentrations of metals 

in the shoots and leaves to be an order of magnitude less 

than corresponding root levels. 

- Turner and Dickinson (1993) found, in sycamore trees 

grown in contaminated soil, most of the Pb not retained 

in the roots was translocated to the stem, while most of 

the Zn not retained in the roots was translocated to the 

leaves. 
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- Of the above-ground biomass metal concentrations 

determined in sludge-amended willow plots by 

Hasselgren (1999), Cu, Pb and Cr were mainly in the 

shoots, while Zn, Cd and Ni were in the leaves.  

- Partitioning of the metals within the stem can vary 

within a tree. Punshon et al. (1996) found some willow 

clones compartmentalised metals, especially Cd, in 

woody tissues much more markedly than others. 

- Rapid lateral movement of water from xylem to phloem 

in 3-year-old Salix trees has been demonstrated by 

Epstein (1972), while Hagemeyer and Hubner (1999) 

reported a conceivable redistribution of Pb in shoots of 

spruce trees, possibly via the axial xylem sap stream or 

in rays. 

- Labrecque et al. (1994) estimated the bioaccumulation of 

various metals by Salix discolor and S. viminalis with 

respect to metal application in sludge. About 50–80% of 

the total quantity of bioaccumulated metals were found 

in the roots and stem–branch biomass, representing an 

immobilization of metals relative to that accumulated in 

leaves, which is returned to the soil at the end of each 

growing season. 
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- Noea  mucronata is the best accumulator for Pb, Zn, Cu, 

Cd and N (Chehragani et al. 2009). 
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Chapter 2- Material and 
methods 
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Main Goal of Study is determination of heavy metals 

absorbance in different organisms of this species: 

Robinia pseudoacacia, Cupressus arizonica and 

Platanus orientalis. It is very useful to understand which 

and how much intensity of cadmium and lead can be 

concentrate in the chosen species and whether they can 

be used to contaminated soil as bio-filter 

In order to determine the effect of soil texture on the 

absorbance capacity of every species, three different 

soils texture (clay, clay loam and sandy clay loam) 

would be chosen. And then ten one years old seedlings 

from every one of the three different species must be 

replant. Secondly four different heavy metal 

concentrations must be chosen as 1000ppm 2000ppm, 

3000ppm, 4000ppm and control samples. Then soil of 

every seedling container must be raised to expected 

pollution level. Finally we have 270 seedlings per 

species and totally 810 ones. Seedlings would be treated 

by the pollutant on twentieth of May and pots were 

placed outdoors with tap water irrigation (three times in 

a week). During the falling time of the leaves in 

November, sampling was performed. The yellow leaves, 
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shoots and roots from each seedling were collected. All 

of the samples were placed in paper bags, labeled and 

taken to the laboratory for the next analysis. Chemical 

analysis must be done by ICP and results would be 

analyzed by suitable statistical design based on the data 

distribution model.  

Determination of different elements from plant and 

soil samples 

Plants 

• Drying and milling 

The aerial parts and root biomass were harvested after 6 

months. The aerial parts was separated into leaves and 

shoots and roots were washed by deionized water 

thoroughly. 

-  Cutting of 4-5 g samples (twig and leave) to small 

pieces, leaves, twigs and roots of each sampling were 

placed in drying of samples in oven (temp. 75°C) for 

48h., milling of samples and maintaining in suitable 

vessels 
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• Ash preparing  

   -Exact weighting of 1-2g sample, settling of it in kiln 

(oven) and gradual increasing of temperature to 500°C 

and for 5h 

• Extract preparing 

   -Increasing 10ml HCl 2N to ashed samples, incubation 

in water bath (80°C) for 30 min., filtration (by Wattman 

no.1) and diluting to 100ml with distilled water 

• Measurement of elements 

   -It was done by atomic absorption. For every element 

was a lamp with especial wavelength and also calibration 

standards. 

Soils 

•Preparing of soil  

   -Drying of soil in room temperature for a few days 

•Preparing of extract solution  

   -Dissolving of 192.5g ammonium acetate, 29.225g 

EDTA (Titriplex II) and 125ml acetic acid in 3000ml 

distilled water, adjusting of pH to 4.65 (with diluted 

ammonium solution or diluted acetic acid solution) and 

then diluting volume to 5000ml with distilled water  
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•Extracting of soil 

   -Weighting of 5g soil into Erlenmeyer flask and adding 

of 50ml of extract solution to flask, shaking for 30min. 

and then filtration (by Wattman no.1) 

• Measurement of elements 

   -It was done by atomic absorption. For every element 

was a lamp with especial wavelength and also calibration 

standards. 

Principle of spectrophotometer procedure: 

Atomic absorption spectroscopy (AAS) determines the 

presence of metals in liquid samples. Metals include Fe, 

Cu, Mg, Mn, Ca, Pb, K, Zn, Cd and many more and the 

concentrations of metals in the samples arev measured 

too. Typical concentrations range is in the low range 

mg/L. when metals elemental form excited by heat will 

absorb ultraviolet light. Each metal will be absorbed by a 

characteristic wavelength. The AAS is instrument for a 

particular metal by focusing of UV light at a specific 

wavelength using a flame and a detector. The sample is 

aspirated into the flame. If the metal is already exist in 

the sample, some of the light will be absorbed, thus its 
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intensity reduce. This change in intensity is measured. 

Computer software converts the intensity change into an 

absorbance. 

Statistical analysis 

Statistical analysis was performed based on 

STATISTICA (Statsoft, 1993). The statistical design for 

this research is based on the completely random blocks. 

At first normal distribution and homogeneity of 

variances must be tested for all of the data and then it 

could be analyzed by parametric methods. 

To determine the effect of treatments, two-way and one-

way analysis of variance (ANOVA) used for the the data 

analysis. species, soil texture and parts of plants, and 

Dunca n’s multiple comparison tests were performed to 

determine the statistical significance of the differences 

among means of different Cd and Pb treatments, 

different species, different textures of soil and parts of 

plants. 

Detailed information of the soil and its physical and 

chemical characteristics is shown in Table 1. 
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Tab1. Characteristics of the soil 
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Chapter 3- Results 
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Results are divided to four sections in order to better 

presentation: 

Robinia pseudoacacia 

Robinia pseudoacacia – Lead 
Univariate Analysis of Variance of Robinia 

pseudoacacia for lead absorption 

Results of analysis of variance of Robinia 

pseudoacacia for lead absorption show that there is 

significant deference (p<0.01) between pot soils and 

organs and it means that different organs have absorbed 

different amount of lead. Soil texture has no significant 

effect but the concentrations have significant difference 

(p<0.01). It means that organs absorption varies by 

concentration change. There is no significant different 

and interaction effect between different organs and 

different soil textures but there is significant interaction 

(p<0.01) between organs absorption and different 

concentrations. Bilateral effect of soil textures and 

concentration was significant (p<0.05) too. Also 

Tripartite effect of organ, soil texture and concentration 

wasn’t significant too (Table 2). 
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Tab.2. Analysis of variance of Robinia pseudoacacia leads 

absorption 

Source df Sum of 
square 

Mean 
Square 

F 
Value 

Pr > 
F 

Organs 3 43956.38 14652.13 922.29 <.000 
** 

Concentration 4 3090.40 772.60 48.63 <.000 
** 

Texture 2 55.20 27.60 1.74 0.180 
ns 

Organs* 
Concentration 

12 572.05 47.67 3.00 <.001 
** 

Organs* Texture 6 45.77 7.63 0.48 0.822 
ns 

Concentration 
*Texture 

8 262.45 32.81 2.06 <.044 
* 

Organs* 
Concentration* 

Texture 

24 576.99 24.04 1.51 0.076 
ns 

= Significant (P<0.01) *= Significant (P<0.05) ns= no significant 

 

Comparison of mean between lead absorption of 

different organs (leaf, stem and root) in Robinia 

pseudoacacia shows a significant difference so they are 

located in three separate groups by Duncan analysis. The 

maximum absorption belongs to root and stem (group a), 

leaf (group b) and pot soils with the minimum absorption 

(group c) (Table 3 & Figure 5). 
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Tab.3. the comparison of means between organs and pot soils of 
Robinia pseudoacacia in lead absorption 

Organs Mean situation 
Root 126.67 a 
Stem 122.08 a 
Leaf 101.44 b 

Pot Soils 84.01 c 
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Fig.5. Comparison of means between organs and pot soils of 

Robinia pseudoacacia in lead absorption 

 

Comparison of mean between lead absorption of 

different concentrations shows a significant difference 

between concentrations and lead absorption of Robinia 

pseudoacacia, so they are located in four separate groups 

by Duncan analysis. The maximum absorption belongs 

to 4000 and 3000 ppm respectively (group a), then 2000 
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ppm (group ab), 1000 ppm (group b) and the last group 

was control treatment (group c) (Table 4 & Figure 6). 

Tab.3. Duncan multiple range test of Robinia pseudoacacia lead 
absorption in different concentration 

Concentration Mean situation 
4000 ppm 122.91 a 
3000 ppm 119.59 a 
2000 ppm 114.96 ab 
1000 ppm 103.33 b 
Control 81.96 c 
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Fig.6. the comparison of mean of lead absorption of Robinia 

pseudoacacia in different concentrations 

In soil texture grouping by Duncan analysis, there is 

no significant difference and all three textures (Light, 

medium and heavy) in lead absorption act the same and 

are located in a single group (Table 4). 
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Tab.4. Duncan multiple range test of Robinia pseudoacacia lead 
absorption in different pot soils texture 

Texture Mean situation 
Heavy 109.03 a 
Light 109.01 a 

Medium 107.52 a 

 

Comparison of mean of lead absorption by leaves of 

Robinia pseudoacacia in different concentrations shows 

that when lead concentration increases, the leaves will 

significantly absorb  more pollutant so that are located in 

four separate groups(a, b, c, d) by Duncan analysis 

(Table 5 & Figure 7). 

Tab.5. Comparison of mean of lead absorption by leaves of Robinia 
pseudoacacia in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
3000 ppm 113.7 1.56 a 
4000 ppm 112.1 1.27 a 
2000 ppm 106.9 0.86 b 
1000 ppm 98.0 1.02 c 
Control 76.5 0.26 d 
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Fig.7. Comparison of mean of lead absorption by leaves of Robinia 

pseudoacacia in different concentrations 
 

Comparison of mean of lead absorption by stems of 

Robinia pseudoacacia in different concentrations as the 

leaves shows that by increasing lead concentration, 

accumulation of pollutant in stems have significant 

increased and are located in four separate groups (a, b, c, 

d) by Duncan analysis (Table 6 & Figure 8). 

Tab.6. Comparison of mean of lead absorption by stems of Robinia 
pseudoacacia in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 137.1 1.21 a 
3000 ppm 132.3 1.02 b 
2000 ppm 131.4 1.46 b 
1000 ppm 115.2 1.82 c 
Control 94.3 0.26 d 
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Fig.8. Comparison of mean of lead absorption by stems of Robinia 

pseudoacacia in different concentrations 
Comparison of mean of lead absorption by roots of 

Robinia pseudoacacia in different concentrations 

emphasized that increased absorption occurs in high 

concentration too. Duncan analysis shows five separate 

groups (a, b, c, d, and e) and the maximum and 

minimum absorption were belong to 4000 ppm and 

control treatment respectively (Table 7 & Figure 9). 

Tab.7. Comparison of mean of lead absorption by roots of Robinia 
pseudoacacia in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 147.8 3.25 a 
3000 ppm 138.4 2.31 b 
2000 ppm 132.0 1.87 c 
1000 ppm 119.8 1.85 d 
Control 95.3 0.26 e 
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Fig.9. Comparison of mean of lead absorption by roots of Robinia 

pseudoacacia in different concentrations 
Comparison of mean of lead absorption by pot soils 

of Robinia pseudoacacia in different concentrations 

shows that by increasing concentration, remained 

pollutant in pot soils somewhat increases and are located 

in five separate groups by Duncan analysis (a,b,c,d and 

e) (Table 8 & Figure10). 

Tab.8. Comparison of mean of lead absorption by pot soils of 
Robinia pseudoacacia in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 94.6 1.28 a 
3000 ppm 94.0 2.44 ab 
2000 ppm 89.5 2.33 b 
1000 ppm 80.3 0.81 c 
Control 61.7 0.13 d 
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Fig.10. Comparison of mean of lead absorption by pot soils of 

Robinia pseudoacacia in different concentrations 
Comparison of mean of lead absorption by Robinia 

pseudoacacia show that in all concentrations and control 

treatment, the roots have the maximum absorption and 

accumulation of lead. The stems and leaves were in next 

ranks. Duncan analysis for all concentrations formed four 

separate groups (a, b, c and d) (Tables: 9, 10, 11, 12, 13 & 

Figure 11). 

 
Tab.9. Comparison of mean of lead absorption by organs of Robinia 

pseudoacacia in 1000 ppm  
Organ Mean Std. Error of Mean Duncan 
Root 119.8 1.85 a 
Stem 115.2 1.82 b 
Leaf 98.0 1.02 c 

Pot Soils 80.3 0.81 d 
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Tab.10. Comparison of mean of lead absorption by organs of 
Robinia pseudoacacia in 2000 ppm  

Organ Mean Std. Error of Mean Duncan 
Root 132.0 1.87 a 
Stem 131.4 1.46 b 
Leaf 106.9 0.86 c 

Pot Soils 89.5 2.33 d 

 
Tab.11. Comparison of mean of lead absorption by organs of 

Robinia pseudoacacia in 3000 ppm  
Organ Mean Std. Error of Mean Duncan 
Root 138.4 2.31 a 
Stem 132.3 1.02 b 
Leaf 113.7 1.56 c 

Pot Soils 94.0 2.44 d 

 
Tab.12. Comparison of mean of lead absorption by organs of 

Robinia pseudoacacia in 4000 ppm  
Organ Mean Std. Error of Mean Duncan 
Root 147.8 3.25 a 
Stem 137.1 1.21 b 
Leaf 112.1 1.27 c 

Pot Soils 94.6 1.28 d 
 
 

Tab.13. Comparison of mean of lead absorption by organs of 
Robinia pseudoacacia in Control treatment  

Organ Mean Std. Error of Mean Duncan 
Root 95.3 0.26 a 
Stem 94.3 0.26 b 
Leaf 76.5 0.26 c 

Pot Soils 61.7 0.13 d 
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Fig.11. Comparison of lead absorption by different organs of 
Robinia pseudoacacia in different concentrations 

 
Figure 12 (Box plot) and table 14 show lead 

absorption by different organs and pot soils of Robinia 

pseudoacacia. It was found that maximum adsorption of 

lead is belong to root and stem. Locating the Second, 

third and forth quartiles above the average line indicate 

high absorption ability of these organs in high 

concentration in comparison with leaf and pot soils. The 

minimum uptake and the least variable range are related 

to soil and indicate that the much pollutant has been 

absorbed by different organs. Because leaf quartiles are 

below the average line, it can be said that leaves have the 
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maximum lead absorption ability in middle 

concentrations.  

 

Fig.12. Lead absorption range by different organs and pot soils of
Robinia pseudoacacia

Tab.14. Statistical Characteristics of Robinia pseudoacacia lead 
absorption by different organs and pot soils 
Org
an 

Mea
n 

Varia
nce 

Std.Er
ror 

Std.Devia
tion 

Mi
n 

Max Ran
ge 

Root 126.
67 

374.10 2.88 19.34 94.
25 

163.
17 

68.9
2 

Ste
m 

122.
08 

265.64 2.43 16.30 92.
89 

143.
17 

50.2
8 

Leaf 101.
44 

199.37 2.10 14.12 75.
64 

121.
04 

45.4
0 

Pot 
Soils 

84.0
1 

176.20 1.98 13.27 61.
28 

110.
56 

49.2
8 
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Figure 13 and Table 15 show Robinia pseudoacacia 

lead absorption ability in different concentrations. As 

expected the uptake enhances with increasing in 

concentration. The maximum uptake is in 4000 ppm and 

followed by 3000, 2000 and 1000 ppm respectively. 

Control treatment has the minimum absorption and the 

maximum variation range occurred in 4000 ppm. It 

indicated that tolerance of Robinia pseudoacacia for lead 

absorption can be more than 4000 ppm.  

 

Fig.13. Robinia pseudoacacia lead absorption ability in different 
concentration 
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Tab.15. Statistical Characteristics of lead absorption by Robinia 
pseudoacacia in different concentration 

C
on

ce
nt

ra
ti

on
 

M
ea

n 

V
ar

ia
nc

e 

St
d.

 
E

rr
or

 

St
d.

 
D

ev
ia

ti
on

 

M
in

 

M
ax

 

R
an

ge
 

4000 ppm 122.91 380.57 3.65 21.92 88.81 163.17 74.36 
3000 ppm 119.59 340.78 3.08 18.46 88.36 156.56 68.20 
2000 ppm 114.96 351.36 3.12 18.74 83.26 145.41 62.15 
1000 ppm 103.33 267.30 2.72 16.35 76.43 128.30 51.87 
Control 81.96 198.82 2.35 14.10 61.28 96.61 35.33 

 

Box plots of lead absorption in different soil texture 

of Robinia pseudoacacia seedlings show that there is no 

significant difference and are almost identical. The first 

and second quartiles of all three soil textures are below 

and third and forth quartiles are above the average line 

which confirms this issue. In minimum absorption they 

are almost the same but in the maximum absorption and 

variable range, light and heavy soils are superior (Figure 

14 & Table16). 
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Fig.14. Robinia pseudoacacia lead absorption range in different soil 
texture  

 
Tab.16. Statistical Characteristics of Robinia pseudoacacia Lead 
absorption in different soil texture 
Texture Mean Variance Std. 

Error 
Std. 

Deviation 
Min Max Range 

Heavy 109.03 567.07 3.07 23.81 61.28 158.08 96.80 
Light 109.10 561.59 3.06 23.70 61.80 163.17 101.38 

Median 107.52 514.94 2.93 22.69 61.28 149.29 88.01 
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Robinia – Cadmium 
Univariate Analysis of Variance of Robinia 

pseudoacacia for cadmium absorption 

Results of Analysis of Variance of Robinia 

pseudoacacia for cadmium absorption show that there is 

significant difference (p<0.01) between pot soils and 

organs which means that different organs have absorbed 

different amount of lead. Soil texture has no significant 

effect and the concentrations have significant difference 

(p<0.05). This means that organs absorption varies by 

concentration change. There is no significant and 

interaction effect between different organs and different 

soil textures and there is no significant interaction 

between organs absorption and different concentrations. 

Bilateral effect of soil textures and concentration wasn’t 

significant. Tripartite effect of organ, soil texture and 

concentration wasn’t significant too (Table17). 
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Tab.17. Analysis of Variance of Robinia pseudoacacia cadmium 
absorption 

Source df Sum of 
square 

Mean 
Square 

F Value Pr > F 

Organs 3 59554.52 19851.51 204.54 <.000 
** 

Concentration 4 959.18 239.80 2.47 <.048 * 
Texture 2 245.30 122.65 1.26 0.286 

ns 
Organs* Concentration 12 1799.78 149.98 1.54 <.117 

ns 
Organs* Texture 6 857.98 143.00 1.47 0.193 

ns 
Concentration *Texture 8 530.08 67.26 0.69 <.697 

ns 
Organs* Concentration* 

Texture 
24 3138.38 130.77 1.35 0.149 

ns 
= Significant (P<0.01) *= Significant (P<0.05) ns= nonsignificant   

 

Comparison of mean for cadmium absorption of 

different organs (leaf, stem and root) of Robinia 

pseudoacacia shows a significant difference and is 

located into three separate groups by Duncan analysis. 

The maximum absorption belongs to root and stem 

(group a), then leaf (group b), and finally pot soils with 

the minimum absorption (group c) (Table18 & Figure 

15). 
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Tab.18. the comparison of means between organs and pot soils of 

Robinia pseudoacacia in cadmium absorption 

Organs Mean situation 
Root 125.42 a 
Stem 125.12 a 
Leaf 101.05 b 

Pot Soils 82.25 c 
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Fig.15. Comparison of means between organs and pot soils of 

Robinia pseudoacacia in cadmium absorption 

 

Table 19 and figure 16 show there are significant 

difference between concentrations and cadmium 

absorption of Robinia pseudoacacia so they are located 

in four separate groups by Duncan analysis. The 
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maximum absorption belongs to 4000 and 3000 ppm 

respectively (group a), followed by 2000 ppm (group 

ab), then 1000 ppm (group b), and the last group was 

control treatment (group c).  

Tab.19. Duncan multiple range test of Robinia pseudoacacia 
cadmium absorption in different concentration 

Concentration Mean situation 
4000 ppm 119.83 a 
3000 ppm 119.82 a 
2000 ppm 114.66 ab 
1000 ppm 102.18 b 
Control 85.80 c 
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Fig.16. the comparison of mean of cadmium absorption of Robinia 

pseudoacacia in different concentrations 
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In soil texture grouping by Duncan analysis, there is 

no significant difference and all three textures (Light, 

medium and heavy) in cadmium absorption act the same 

and are located in one group (Tab.20). 

 

Tab.20. Duncan multiple range test of Robinia pseudoacacia 
cadmium absorption in different soil texture 

Texture Mean situation 
Heavy 109.18 a 

Medium 108.5 a 
Light 107.69 a 

 

Comparison of mean of cadmium absorption by 

leaves of Robinia pseudoacacia in different 

concentrations shows that by increasing cadmium 

concentration, the leaves significantly absorb  more 

pollutant so that  they are located in four separate groups 

(a,b,c, and d) by Duncan analysis (Table 21 & Figure 

17). 

Tab.21. Comparison of mean of cadmium absorption by leaves of 
Robinia pseudoacacia in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
3000 ppm 114.5 2.65 a 
4000 ppm 113.0 1.00 a 
2000 ppm 104.9 0.88 b 
1000 ppm 92.5 1.56 c 
Control 80.3 0.20 d 
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Fig.17. Comparison of mean of cadmium absorption by leaves of 
Robinia pseudoacacia in different concentrations 

 

Comparison of mean of cadmium absorption by stems 

of Robinia pseudoacacia in different concentrations as 

the leaves shows that by increasing cadmium 

concentration, accumulation of pollutant in stems have 

significantly increased and are located in three separate 

groups (a, b and c) by Duncan analysis (Table 22 & 

Figure 18). 
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Tab.22. Comparison of mean of cadmium absorption by stems of 
Robinia pseudoacacia in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
3000 ppm 137.2 1.08 a 
2000 ppm 136.6 1.64 a 
4000 ppm 135.2 2.60 a 
1000 ppm 117.4 1.24 b 
Control 99.2 0.19 c 
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Fig.18. Comparison of mean of cadmium absorption by stems of 
Robinia pseudoacacia in different concentrations 

 

Comparison of mean of cadmium absorption by roots 

of Robinia pseudoacacia in different concentrations 

emphasized increasing absorption in high concentration 

too. Duncan analysis shows three separate groups (a, b 

and c) and the maximum and minimum absorption were 
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belong to 4000 ppm and control treatment respectively 

(Table 23 & Figure 19). 

Tab.23. Comparison of mean of cadmium absorption by roots of 
Robinia pseudoacacia in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 138.3 2.99 a 
3000 ppm 135.7 5.02 a 
2000 ppm 132.7 1.82 a 
1000 ppm 119.8 1.16 b 
Control 100.7 0.23 c 
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Fig.19. Comparison of mean of cadmium absorption by roots of 
Robinia pseudoacacia in different concentrations 

 
Comparison of mean of cadmium retention by pot 

soils of Robinia pseudoacacia in different concentrations 

emphasized increasing absorption in high concentration 
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too. Duncan analysis shows five separate groups (a, b, c, 

d, and e). And the maximum and minimum absorption 

were belonging to 4000 ppm and control treatment 

respectively (Table 24 & Figure 20). 

Tab.24. Comparison of mean of cadmium absorption by pot soils of 
Robinia pseudoacacia in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 92.9 1.57 a 
3000 ppm 91.9 0.99 b 
2000 ppm 84.4 0.84 c 
1000 ppm 79.0 1.16 d 
Control 63.0 0.24 e 

 

70.0

75.0

80.0

85.0

90.0

95.0

1000 2000 3000 4000

Concentration

A
bs

or
pt

io
n(

m
g/

g)

 

Fig.20. Comparison of mean of cadmium absorption by pot soils of 
Robinia pseudoacacia in different concentrations 
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Comparison of mean of cadmium absorption by 

Robinia pseudoacacia show that in all concentrations and 

control treatment, the roots have the maximum absorption and 

accumulation of cadmium. The stems and leaves were in next 

ranks. Duncan analysis for all concentrations formed four 

separate groups (a, b, c and d) (Tables: 25,26,27,28, 29 & 

Figure 21). 

Tab.25. Comparison of mean of cadmium absorption by organs of 
Robinia pseudoacacia in 1000 ppm  

Organ Mean Std. Error of Mean Duncan 
Root 119.8 1.16 a 
Stem 117.4 1.24 a 
Leaf 92.5 1.56 b 

Pot Soils 79.0 1.16 c 

 
Tab.26. Comparison of mean of cadmium absorption by organs of 

Robinia pseudoacacia in 2000 ppm  
Organ Mean Std. Error of Mean Duncan 
Stem 136.6 1.64 a 
Root 132.7 1.82 b 
Leaf 104.9 0.88 c 

Pot Soils 84.4 0.84 d 
 
 

Tab.27. Comparison of mean of cadmium absorption by organs of 
Robinia pseudoacacia in 3000 ppm  

Organ Mean Std. Error of Mean Duncan 
Stem 137.2 1.08 a 
Root 135.7 5.02 a 
Leaf 114.5 2.65 b 

Pot Soils 91.9 0.99 c 
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Tab.28. Comparison of mean of cadmium absorption by organs of 
Robinia pseudoacacia in 4000 ppm  

Organ Mean Std. Error of Mean Duncan 
Root 138.3 2.99 a 
Stem 135.2 2.60 a 
Leaf 130.0 1.00 b 

Pot Soils 92.9 1.57 c 

 
Tab.29. Comparison of mean of cadmium absorption by organs of 

Robinia pseudoacacia in control treatment 
Organ Mean Std. Error of Mean Duncan 
Root 100.7 0.23 a 
Stem 99.2 0.19 b 
Leaf 80.3 0.20 c 

Pot Soils 63.0 0.24 d 
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Fig.21. Comparison of cadmium absorption by different organs of 
Robinia pseudoacacia in different concentrations 
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Figure 22 and table 30 shows the cadmium absorption 

by different organs and pot soils of Robinia 

pseudoacacia. As we see the maximum absorption is 

belong to root and stem. Second, third and forth quartiles 

are higher than average line and show high absorption 

ability of these organs in high concentration in 

comparison with leaf and pot soils. The minimum 

retention and variable range is related to pot soils and 

indicate that the main pollution has been absorbed by 

different organs. Because the first and second leaf 

quartiles are lower than average line, it  

 

Tab.30. Statistical Characteristics of Robinia pseudoacacia 
cadmium absorption by different organs and pot soils  

 

Can be said in middle concentrations the leaves have 

the maximum cadmium absorption ability.  

Organ Mean Std.Error Min Max Range 
Root 125.42 2.41 99.91 149.78 49.88 
Stem 125.12 2.34 98.40 149.08 50.68 
Leaf 101.05 2.06 79.70 134.85 55.15 

Pot Soils 82.25 1.70 61.51 100.43 38.92 
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Fig.22. Cadmium absorption range by different organs and pot soils 
of Robinia pseudoacacia

 

Figure 23 and Table 31 show cadmium absorption 

ability of Robinia pseudoacacia in different 

concentration. As can be seen the uptake amount 

increase with increasing in concentration. The maximum 

uptake is in 4000 ppm and then 3000, 2000 and 1000 

ppm respectively. As might be expected, control 

treatment has the minimum absorption. The equality of 

cadmium absorption in 3000 and 4000 ppm could 

indicate that tolerance range of Robinia pseudoacacia for 

cadmium absorption is between this range and cadmium 

absorption decreases with increasing concentration 
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Fig.23. Robinia pseudoacacia cadmium absorption ability in 
different concentration 

 
Tab.31. Statistical Characteristics of cadmium absorption of 

Robinia pseudoacacia in different concentrations 
Concentration Mean Std.Error Min Max Range 

4000 ppm 119.83 3.28 86.16 149.08 62.93 
3000 ppm 119.82 3.42 87.98 149.78 61.80 
2000 ppm 114.66 3.66 72.92 143.98 64.07 
1000 ppm 102.18 2.96 74.77 126.34 51.56 
Control 85.80 2.60 61.51 101.79 40.29 

 

Box plot results of cadmium absorption in different 

soil textures in Robinia pseudoacacia seedlings show 

that there is no considerable difference and even are 

almost equal. The first and second quartiles of all three 

soil texture are lower and third and forth quartiles are 

higher than average line which confirms the issue. In 
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minimum absorption they are almost similar but in the 

maximum absorption, the light and heavy soils are 

superior respectively (Figure 24 and Table 32). 

Fig.24. Robinia pseudoacacia cadmium absorption range in 
different soil texture 

 
 

Tab.32. Statistical Characteristics of Robinia pseudoacacia 
cadmium absorption in different soil texture 

Texture Mean Std.Error Min Max Range 
Heavy 109.18 3.08 63.21 149.78 86.57 
Median 108.50 2.86 42.48 146.51 84.03 
Light 107.69 3.03 61.51 149.32 87.82 
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Robinia – Lead – Cadmium 
- Analysis of Variance of Robinia pseudoacacia for 

lead and cadmium absorption 

Results of analysis of variance in Robinia 

pseudoacacia for lead and cadmium absorption show 

that there is no significant difference and Robinia 

pseudoacacia absorbed equally the two pollutants of soil 

(Table 33). 

Tab.33. ANOVA of Robinia pseudoacacia lead and cadmium 
absorption 

Sum of Squares df Mean Square F Sig. 
928.684 1 928.684 2.573 .110 

129205.2 358 360.909   
130133.9 359    

 

Comparison of mean of lead and cadmium absorption 

by different organs and pot soils of Robinia 

pseudoacacia in different concentration (1000, 2000, 

3000 & 4000ppm) show that in most cases there are 

significant difference (p<0.05) (Tables:34, 35, 36, 37 & 

Figures:25, 26, 27, 28). 
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Tab.34. Comparison of mean of lead and cadmium absorption by 
different organs of Robinia pseudoacacia in 1000ppm concentration 

Organ - Poullutant Mean Std. Error of Mean Duncan 
Root - Lead 119.81 1.85 a 

Root - Cadmium 119.79 1.16 a 
Stem - Lead  115.22 1.82 b 

Stem - Cadmium 117.41 1.24 a 
Leaf - Lead 98.00 1.02 a 

Leaf - Cadmium 92.51 1.56 b 
Pot Soils - Lead 80.29 0.81 a 

Pot Soils - Cadmium 79.01 1.16 a 
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Fig.25. Comparison of mean of lead and cadmium absorption by 

different organs of  Robinia pseudoacacia in 1000ppm concentration. 
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Tab.35. Comparison of mean of lead and cadmium absorption by 
different organs of Robinia pseudoacacia in 2000ppm concentration 

Organ - Poullutant Mean Std. Error of Mean Duncan 
Root - Lead 131.96 1.87 b 

Root - Cadmium 132.67 1.82 a 
Stem - Lead  131.42 1.46 b 

Stem - Cadmium 136.63 1.64 a 
Leaf - Lead 106.95 0.86 a 

Leaf - Cadmium 104.92 0.88 b 
Pot Soils - Lead 89.51 2.33 a 

Pot Soils - Cadmium 84.44 0.84 b 
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Fig.26. Comparison of mean of lead and cadmium absorption by 

different organs of Robinia pseudoacacia in 2000ppm concentration. 
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Tab.36. Comparison of mean of lead and cadmium absorption by 
different organs of Robinia pseudoacacia  in 3000ppm concentration 

Organ - Poullutant Mean Std. Error of Mean Duncan 
Root - Lead 138.42 2.31 a 

Root - Cadmium 135.72 5.02 b 
Stem - Lead  132.28 1.02 b 

Stem - Cadmium 137.19 1.08 a 
Leaf - Lead 113.68 1.56 b 

Leaf - Cadmium 114.51 2.65 a 
Pot Soils - Lead 93.97 2.44 a 

Pot Soils - Cadmium 91.88 0.99 b 
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Fig.27. Comparison of mean of lead and cadmium absorption by 

different organs of  Robinia pseudoacacia in 3000ppm concentration. 
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Tab.37. Comparison of mean of lead and cadmium absorption by 
different organs of Robinia pseudoacacia in 4000ppm concentration 

Organ - Poullutant Mean Std. Error of Mean Duncan 
Root - Lead 147.85 3.25 a 

Root - Cadmium 138.25 2.99 b 
Stem - Lead  137.15 1.21 a 

Stem - Cadmium 135.21 2.60 b 
Leaf - Lead 112.07 1.27 b 

Leaf - Cadmium 112.97 1.00 a 
Pot Soils - Lead 94.55 1.28 a 

Pot Soils - Cadmium 92.87 1.57 b 
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Fig.28. Comparison of mean of lead and cadmium absorption by 

different organs of Robinia pseudoacacia in 4000ppm concentration. 
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Cupressus arizonica. 

Cupressus – Lead 
Univariate Analysis of Variance of lead absorption in 

Cupressus arizonica  

Results of analysis of variance of lead absorption in 

Cupressus arizonica show that there is significant 

deference (p<0.01) between soil and plant organs which 

means that different organs absorb different amount of 

lead. There is no significant difference between soil 

textures and they are almost identical. The 

concentrations used in the experiment had significant 

deference (p<0.01) and the ability of such species for 

lead absorption changes with different concentration. 

Bilateral effect of soil texture and organs and soil texture 

and concentration, wasn’t significant. Tripartite effect of 

organ, soil texture and concentration wasn’t significant 

too (Table 38). 
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Tab.38. ANOVA of Cupressus arizonica lead absorption 

Source df Sum of 
square 

Mean 
Square 

F 
Value 

Pr > 
F 

Organs 3 16878.52 5626.17 268.94 <.000 
** 

Concentration 4 5184.57 546.14 26.11 <.000 
** 

Texture 2 54.79 27.40 1.31 0.274 
ns 

Organs* 
Concentration 

12 263.80 21.98 1.05 0.408 
ns 

Organs* Texture 6 77.06 12.84 0.61 0.719 
ns 

Concentration 
*Texture 

8 58.18 7.27 0.35 0.945 
ns 

Organs* 
Concentration* 

Texture 

24 765.01 31.88 1.52 0.072 
ns 

=Significant (P<0.01)ns= no significant  

 

Table 39 and figure 29 show the comparison of means 

between leaf, stem, root and pot soils for lead absorption 

ability in Cupressus arizonica and has significant 

difference. Based on Duncan analysis, they were located 

into three separate groups. Stem and leaf have the 

maximum absorption (group a, 105.55 and 105.54 mg/g 

dry weight respectively) root has a mediocre absorption 

(group b, 85.47 mg/g) and finally pot soils with the 

minimum absorption (group c).  
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Tab.39. The comparison of means between organs and pot soils of 
Cupressus arizonica in lead absorption 

Organs Mean situation 
Stem 105.55 a 
Leaf 105.54 a 
Root 85.47 b 

Pot Soils 82.2 c 
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Fig.29. the comparison of means between organs and pot soils of 

Cupressus arizonica in lead absorption 
Table 40 and figure 30 show significant deference 

(p<0.05) between the amount of lead absorption in 

different concentrations and were divided in four 

separate groups by Duncan analysis. The maximum 

absorption belongs to 4000 and 3000 ppm (group a) and 

then followed by 3000 and 2000 ppm (group b), 1000 

ppm (group c) and control treatment as the last group 

(group d).  
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Tab.40. Duncan multiple range test of Cupressus arizonica lead 
absorption in different concentration 

Concentration Mean situation 
4000 ppm 114.28 a 
3000 ppm 98.04 b 
2000 ppm 98.03 b 
1000 ppm 90.67 c 
Control 69.93 d 
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Fig.30. the comparison of mean of lead absorption of Cupressus 

arizonica in different concentrations 
 

In soil texture grouping by Duncan analysis, there 

was no significant difference and all three textures 

(Light, medium and heavy) in lead absorption act the 

same and located in one group (Table 41). 
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Tab.41. Duncan multiple range test of Cupressus arizonica lead 
absorption in different soil texture 

Texture Mean situation 
Heavy 95.27 a 

Medium 93.89 a 
Light 93.42 a 

 

Comparison of mean of lead absorption by leaves of 

Cupressus arizonica in different concentrations shows 

that by increasing lead concentration, the leaves 

absorbed more the pollutant so they are located in four 

separate groups (a, b, c, and d) by Duncan analysis 

(Table 42 & Figure 31). 

Tab.42. Comparison of mean of lead absorption by leaves of 
Cupressus arizonica in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 126.4 0.96 a 
2000 ppm 108.4 1.70 b 
3000 ppm 107.7 2.10 b 
1000 ppm 97.3 0.41 c 
Control 77.9 0.30 d 
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Fig.31. Comparison of mean of lead absorption by leaves of 

Cupressus arizonica in different concentrations 
 

Comparison of mean of lead absorption by stems of 

Cupressus arizonica in different concentrations shows 

that as like as the leaves, it will enhance by increasing 

lead concentration and accumulation of pollutant in 

stems have significantly increased so they are located in 

four separate groups (a,b,c and d) by Duncan analysis 

(Table 43 & Figure 32). 

Tab.43. Comparison of mean of lead absorption by stems of 
Cupressus arizonica in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 128.3 1.87 a 
3000 ppm 109.9 2.43 b 
2000 ppm 108.0 1.38 b 
1000 ppm 102.3 1.27 c 
Control 79.3 0.27 d 



134 
 

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

1000 2000 3000 4000

Concentration

A
bs

or
pt

io
n(

m
g/

g)

 
Fig.32. Comparison of mean of lead absorption by stems of 

Cupressus arizonica in different concentrations 
Comparison of mean of lead absorption by roots of 

Cupressus arizonica in different concentrations 

emphasized on increasing the absorption amount in high 

concentration too. Duncan analysis shows four separate 

groups (a, b, c and d) and the maximum and minimum 

absorption belonged to 4000 ppm and control treatment 

respectively (Table 44 & Figure 33). 

Tab.44. Comparison of mean of lead absorption by roots of 
Cupressus arizonica in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 104.1 1.91 a 
2000 ppm 91.3 2.60 b 
3000 ppm 88.4 2.44 b 
1000 ppm 82.2 1.17 c 
Control 61.2 0.13 d 
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Fig.33. Comparison of mean of lead absorption by roots of 

Cupressus arizonica in different concentrations 
 

Comparison of mean of lead retention by pot soils in 

Cupressus arizonica in different concentrations shows 

that when concentration increases, the remained 

pollutant in pot soils somewhat increases and they are 

located in five separate groups by Duncan analysis (a,b, 

bc,c and d) (Table 45 & Figure 34). 

Tab.45. Comparison of mean of lead absorption by pot soils of 
Cupressus arizonica in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 98.4 0.94 a 
3000 ppm 86.1 1.91 b 
2000 ppm 84.5 1.53 bc 
1000 ppm 80.9 1.83 c 
Control 61.2 0.25 d 
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Fig.34. Comparison of mean of lead absorption by pot soils of 

Cupressus arizonica in different concentrations 
 

Comparison of mean of lead absorption by Cupressus 

arizonica show that in 1000, 2000 and 4000 ppm, the 

stems have absorbed lead more than the leaves and roots. 

Duncan analysis show three separate groups (a, b, and c) 

too (Tables: 46, 47, 49 & Figure 35). 

But in 3000 ppm the leaves and stems are identical 

and located in one group (a) by Duncan analysis too. The 

roots and pot soils had fewer uptakes and retention than 

first group and were similar and located in another group 

(b) (Table 48 & Figure 35). 

Lead absorption by organs and pot soils of control 

treatment show that the stems and leaves had the 
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maximum absorption. The roots and pot soils had the 

minimum uptake and retention jointly. Duncan analysis 

formed three separate group (a, b, and c) (Table 50).  

 

Tab.46. Comparison of mean of lead absorption by organs of 
Cupressus arizonica in 1000 ppm  

Organ Mean Std. Error of Mean Duncan 
Stem 102.3 1.27 a 
Leaf 97.3 0.41 b 
Root 82.2 1.17 c 

Pot Soils 80.9 1.83 c 

 
Tab.47. Comparison of mean of lead absorption by organs of 

Cupressus arizonica in 2000 ppm 
Organ Mean Std. Error of Mean Duncan 
Leaf 108.4 1.70 a 
Stem 108.0 1.38 a 
Root 91.3 2.60 b 

Pot Soils 84.5 1.53 c 

 
Tab.48. Comparison of mean of lead absorption by organs of 

Cupressus arizonica in 3000 ppm 
Organ Mean Std. Error of Mean Duncan 
Stem 109.9 2.43 a 
Leaf 107.7 2.10 a 
Root 88.4 2.44 b 

Pot Soils 86.1 1.91 b 
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Tab.49. Comparison of mean of lead absorption by organs of 
Cupressus arizonica in 4000 ppm 

Organ Mean Std. Error of Mean Duncan 
Stem 128.3 1.87 a 
Leaf 126.4 0.96 a 
Root 104.1 1.91 b 

Pot Soils 98.4 0.94 c 

 
Tab.50. Comparison of mean of lead absorption by organs of 

Cupressus arizonica in control treatment 
Organ Mean Std. Error of Mean Duncan 
Stem 79.3 0.27 a 
Leaf 77.9 0.30 b 
Root 61.2 0.13 c 

Pot Soils 61.2 0.25 c 
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Fig.35. Comparison of lead absorption by different organs of 

Cupressus arizonica in different concentrations 
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Figure 36 shows the lead absorption by different 

organs and pot soils of Cupressus arizonica. The 

maximum absorption is related to leaves and stems. The 

second, third and forth quartiles are higher than average 

line confirms that in high concentration these organs 

have more absorption than root and pot soils. Soil has 

the minimum content and variable range of lead which 

means that the much of pollutant (lead) has been 

absorbed by the organs (leaf, root and stem). Due to the 

location of first, second and third quartiles of root that 

are lower than average line, it can be said the maximum 

lead absorption of root occurs in middle concentration 

(Figure 36 & Table 51). 
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Fig.36. Lead absorption range by different organs and pot soils of 
Cupressus arizonica 

 
Tab.51. Statistical Characteristics of Cupressus arizonica lead 

absorption by different organs and pot soils 
Organ Mean Variance Std. 

Error 
Std. 

Deviation 
Min Max Range 

Stem 105.55 274.68 2.47 16.57 78.40 130.84 52.44 
Leaf  105.54 270.85 2.45 16.46 77.14 132.15 55.01 
Root 85.47 231.17 2.27 15.20 60.72 117.06 56.34 

Pot Soils 82.20 164.99 1.91 12.84 59.91 104.64 44.73 

Figure 37 and Table 52 show Cupressus arizonica 

lead absorption ability in different concentrations. As 

can be seen the uptake amount will enhance when 

pollutant concentrations increases. The maximum uptake 

is in 4000 ppm which followed by 3000, 2000 and 1000 

ppm respectively. Control treatment has the minimum 
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absorption and the maximum variation range belong to 

3000 ppm. It can be shown that higher than 3000 ppm, 

the Cupressus arizonica lead absorption ability reduced 

and approached to the tolerance threshold.  

Fig.37. Cupressus arizonica lead absorption ability in different 
concentration 

 
Tab.52. Statistical Characteristics of lead absorption of Cupressus 
arizonica in different concentration
Concentration 

M
ea

n 

V
ar

ia
nc

e 

St
d.

E
rr

or
 

St
d.

D
ev

ia
tio

n 

M
in

 

M
ax

 

R
an

ge
 

4000 ppm 114.28 197.97 2.34 14.07 96.02 141.83 45.81 
3000 ppm 98.04 161.80 2.12 12.72 81.25 127.51 46.26 
2000 ppm 98.03 140.35 1.97 11.85 81.07 117.50 36.43 
1000 ppm 90.67 102.14 1.68 10.11 75.65 109.97 34.32 
Control 69.93 78.80 1.48 8.88 59.91 81.10 21.19 
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Box plot results (Fig.38) about the lead absorption in 

different soil textures of Cupressus arizonica seedlings 

show they are identical and have no significant 

difference. Being the first and second quartiles of all 

three tissues below the average line and third and forth 

quartiles above the average line confirm this issue. From 

minimum absorption view point they are almost the 

same but in the maximum absorption and variable range, 

heavy soil textures are superior (Fig.38 and Tab.53). 

Fig.38. Cupressus arizonica lead absorption range in different soil 
texture  

 
Tab.53. Statistical Characteristics of Cupressus arizonica Lead 

absorption in different soil texture 
Texture Mean Variance Std. 

Error 
Std. 

Deviation 
Min Max Range 

Heavy 95.27 378.04 2.51 19.44 60.69 141.83 81.14 
Median 93.89 332.34 2.35 18.23 59.91 127.51 67.60 
Light 93.42 322.75 2.32 17.96 60.43 129.35 68.92 
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 Cupressus – Cadmium 
- Univariate Analysis of Variance of cadmium 

absorption in Cupressus arizonica  

Results of analysis of variance of cadmium absorption 

in Cupressus arizonica showed that there is significant 

deference (p<0.01) between its organs which means that 

different organs have absorbed different amount of 

cadmium. Soil texture has no significant effect but the 

concentrations have significant deference (p<0.05). It 

means that organs absorption change with different 

concentrations. Bilateral effect of soil texture and organs 

and soil texture and concentration, wasn’t significant. 

Tripartite effect of organ, soil texture and concentration 

wasn’t significant too (Table 54). 

 

Tab.54. ANOVA of Cupressus arizonica cadmium absorption 
Source df Sum of 

square 
Mean 
Square 

F Value Pr > F 

Organs 3 23384.92 7794.94 77.82 <.000 
** 

Concentration 4 1026.41 256.60 2.56 <.042 * 
Texture 2 160.51 80.26 0.80 0.457 ns 

Organs* Concentration 12 1951.37 162.61 1.62 0.094 ns 
Organs* Texture 6 652.50 108.75 1.09 0.375 ns 

Concentration *Texture 8 761.33 95.17 0.95 0.478 ns 
Organs* Concentration* 

Texture 
24 2316.19 96.51 0.96 0.518 ns 

= Significant (P<0.01) *= Significant (P<0.05) ns= no significant   
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Table 55 shows the comparison of means between 

leaf, stem, root and pot soils of Cupressus arizonica for 

cadmium absorption ability which is significantly 

different. Based on Duncan analysis, they put into three 

separate groups. Stem and leaf have the maximum 

absorption (group a), root (group b) and pot soils with 

the minimum absorption (group c) (Table 55 & Figure 

39). 

Tab.55. the comparison of means between organs and pot soils of 
Cupressus arizonica in cadmium absorption 

Organs Mean situation 
Leaf 106.4 a 
Stem 106.33 a 
Root 86.62 b 

Pot Soils 81.52 c 
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Fig.39. Comparison of means between organs and pot soils of 

Cupressus arizonica in cadmium absorption 
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Table 56 and figure 40 show significant deference 

(p<0.05) between the amount of cadmium absorption in 

different concentrations and were divided in 4 separate 

groups by Duncan analysis. The maximum absorption 

belongs to 4000 ppm (group a) and then followed by 

3000 and 2000 ppm (group ab), 1000 ppm and control 

treatment as the last group (group b). 

Tab.56. Duncan multiple range test of Cupressus arizonica c 
absorption in different concentration 
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Fig.40. the comparison of mean of Cadmium absorption of Fraxinus 

rotundifolia in different concentrations 

Concentration Mean situation 
4000 ppm 117.42 a 
3000 ppm 98.56 b 
2000 ppm 97.3 b 
1000 ppm 90.48 c 
Control 72.26 d 
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In soil texture grouping by Duncan analysis, there is 

no significant difference and all three textures (Light, 

medium and heavy) for cadmium absorption act the 

same and located in one group (Table 57). 

Tab.57. Duncan multiple range test of Cupressus arizonica 
cadmium absorption in different soil texture 

Texture Mean situation 
Heavy 95.82 a 
Light 94.46 a 

Medium  95.2 a 

 

Comparison of mean of cadmium absorption by 

leaves of Cupressus arizonica in different concentrations 

shows that by increasing cadmium concentration, the 

leaves more absorbed the pollutant so they are located in 

four separate groups (a, b, c, and d) by Duncan analysis 

(Table 58 & Figure 41). 

Tab.58. Comparison of mean of cadmium absorption by leaves of 
Cupressus arizonica in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 133.7 1.81 a 
3000 ppm 110.1 0.89 b 
2000 ppm 108.2 1.23 b 
1000 ppm 99.2 0.71 c 
Control 80.8 0.17 d 
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Fig.41. Comparison of mean of cadmium absorption by leaves of 

Cupressus arizonica in different concentrations 
 

Comparison of mean of cadmium absorption by stems 

of Cupressus arizonica in different concentrations as 

similar as the leaves shows that by increasing cadmium 

concentration, accumulation of pollutant in stems have 

significantly increased and so they are located in five 

separate groups (a,b,c,d and e) by Duncan analysis 

(Table 59 & Figure 42). 

Tab.59. Comparison of mean of cadmium absorption by stems of 
Cupressus arizonica in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 128.1 2.17 a 
2000 ppm 113.3 1.45 b 
3000 ppm 105.1 3.96 bc 
1000 ppm 104.7 1.29 c 
Control 82.5 0.14 d 



148 
 

 

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

1000 2000 3000 4000

Concentration

A
bs

or
pt

io
n(

m
g/

g)

 
Fig.42. Comparison of mean of cadmium absorption by stems of 

Cupressus arizonica in different concentrations 
Comparison of mean of cadmium absorption by roots 

of Cupressus arizonica in different concentrations 

emphasized that absorption will increase in high 

concentration too. Duncan analysis shows five separate 

groups (a, b, c, d and e) and the maximum and minimum 

absorption belonged to 4000 ppm and control treatment 

respectively (Table 60 & Figure 43). 

Tab.60. Comparison of mean of cadmium absorption by roots of 
Cupressus arizonica in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 106.8 1.71 a 
3000 ppm 87.5 2.19 b 
2000 ppm 86.9 1.23 c 
1000 ppm 82.8 1.21 d 
Control 64.7 0.19 e 
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Fig.43. Comparison of mean of cadmium absorption by roots of 

Cupressus arizonica in different concentrations 
 

Comparison of mean of cadmium retention by pot 

soils in Cupressus arizonica in different concentrations 

shows that when concentration increases, the retention 

pollutant in soil somewhat increases and they were 

located in five separate groups by Duncan analysis (a, b, 

c, d and e) (Table 61 & Figure 44). 

Tab.61. Comparison of mean of cadmium absorption by pot soils of 
Cupressus arizonica in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 101.0 1.88 a 
3000 ppm 87.5 2.19 b 
2000 ppm 82.9 1.17 c 
1000 ppm 75.2 1.06 d 
Control 61.0 0.07 e 
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Fig.44. Comparison of mean of cadmium absorption by pot soils of 

Cupressus arizonica in different concentrations 
 

Comparison of mean of cadmium absorption by 

Cupressus arizonica show that in 1000, 2000 and 3000 

ppm, the stems and leaves have absorbed cadmium more 

than the roots. Duncan analysis formed four separate 

group (a, b, c and d) for 1000 ppm and three seoarate 

group (a,b and c) for 2000 and 3000 ppm (Tables: 62, 

63, 64 & Figure 45). 

But in 4000 ppm the leaves have the maximum 

uptake and were located in separate group (a) and the 

leaf, root and pot soils were located to another group (b) 

jointly by Duncan analysis (Table 65 and Figure 45). 
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Cadmium absorption by organs and pot soils of control 

treatment show that the stems and leaves had the 

maximum absorption respectively. The roots and pot 

soils had the fewer uptakes. Duncan analysis formed 

four separate group (a, b, c and d) (Table 66).  

 
Tab.62. Comparison of mean of cadmium absorption by organs of 

Cupressus arizonica in 1000 ppm  
Organ Mean Std. Error of Mean Duncan 
Stem 104.7 1.29 a 
Leaf 99.2 0.71 b 
Root 82.8 1.21 c 

Pot Soils 75.2 1.06 d 
 

Tab.63. Comparison of mean of cadmium absorption by organs of 
Cupressus arizonica in 2000 ppm  

Organ Mean Std. Error of Mean Duncan 
Stem 111.3 1.45 a 
Leaf 108.2 1.23 a 
Root 86.9 1.23 b 

Pot Soils 82.9 1.17 c 

 
Tab.64. Comparison of mean of cadmium absorption by organs of 

Cupressus arizonica in 3000 ppm  
Organ Mean Std. Error of Mean Duncan 
Stem 105.1 3.96 a 
Leaf 110.1 0.89 a 
Root 91.9 1.30 b 

Pot Soils 87.5 2.19 b 
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Tab.65. Comparison of mean of cadmium absorption by organs of 
Cupressus arizonica in 4000 ppm  

Organ Mean Std. Error of Mean Duncan 
Leaf 133.7 1.81 a 
Stem 128.1 2.17 b 
Root 106.8 1.71 c 

Pot Soils 101.0 1.88 d 

 
Tab.66. Comparison of mean of cadmium absorption by organs of 

Cupressus arizonica in control treatment 
Organ Mean Std. Error of Mean Duncan 
Stem 82.5 0.14 a 
Leaf 80.8 0.17 b 
Root 64.7 0.19 c 

Pot Soils 61.0 0.07 d 
 

 

a

a
ab

b

a
a

a c
bb

c

d
b

cd

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

160.0

1000 2000 3000 4000

Concentration(ppm)

A
bs

or
pt

io
n

(m
g/

g)

leaf

stem

root

soil

 
Fig.45. Comparison of cadmium absorption by different organs of 

Cupressus arizonica in different concentrations 
Figure 46 and figure 46 show the cadmium absorption 

by different organs and cadmium retention by pot soils 

of Cupressus arizonica. The maximum absorption is 
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related to leaves and stems. The second, third and forth 

quartiles are higher than average line and shows that 

these organs have more absorption than root and pot 

soils in high concentration. In this regard pot soils in 

which has planted the minimum content and variable 

range of cadmium and this means that the main of 

pollution has been absorbed by the organs (leaf, root and 

stem). With regard to first, second and third quartiles of 

root that are lower than average line so it can be said the 

maximum cadmium absorption of root has been occurred 

in low concentrations. 

Fig.46. Cadmium absorption range by different organs and pot soils 
of Cupressus arizonica 
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Tab.67. Statistical Characteristics of Cupressus arizonica cadmium 
absorption by different organs and pot soils 

Organ Mean Std. Error Min Max Range 
Leaf 106.40 2.62 79.90 142.30 62.39 
Stem 106.33 2.40 73.88 138.40 64.51 
Root 86.62 2.12 63.47 115.00 51.51 

Pot Soils 81.52 2.09 60.62 110.08 49.45 

 

Figure 47 and Table 68 show the cadmium absorption 

ability of Cupressus arizonica in different 

concentrations. As can be seen the uptake level will be 

increased by increasing in concentration. The maximum 

uptake is in 4000 ppm and then 3000, 2000 and 1000 

ppm respectively. Control treatment has the minimum 

absorption and the maximum variation range belong to 

4000 ppm. It can be shown that higher than 4000 ppm 

the cadmium absorption ability of Cupressus arizonica 

was reduced and near to the tolerance threshold. 
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Fig.47. Cupressus arizonica cadmium absorption ability in different 
concentration 

 
Tab.68. Statistical Characteristics of cadmium absorption of 

Cupressus arizonica in different concentration
Concentration 

ppm 
Mean Std. 

Error 
Min Max Range 

4000 117.42 2.50 93.47 142.30 48.83 
3000 98.65 1.94 73.88 116.49 42.61 
2000 97.30 2.21 67.44 117.56 41.12 
1000 90.48 2.08 72.23 110.30 30.07 

Control 72.26 1.61 60.62 83.14 22.52 

 

Box plot results about cadmium absorption in 

different soil texture of Cupressus arizonica seedlings 

show that there is no significant difference and are 

almost identical. The first and second quartiles of all 
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three soil texture are lower and third and forth quartiles 

are higher than average line which confirms this subject. 

In minimum view point absorption is almost the same 

but in the maximum absorption and variable range, 

heavy soils are superior (Figure 48 & Table 69). 

Fig.48. Cupressus arizonica cadmium absorption range in different 
soil texture  

 
 

Tab.69. Statistical Characteristics of Cupressus arizonica cadmium 
absorption in different soil texture 

Texture Mean Std.Error Min Max Range 
Heavy 95.82 2.64 60.62 142.30 81.67 
Median 95.20 2.37 60.93 133.42 72.48 
Light 94.46 2.43 61.09 131.73 70.64 
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Cupressus – Lead – Cadmium 
Analysis of Variance of lead and cadmium absorption 

in Cupressus arizonica  

Results of analysis of variance of lead and cadmium 

absorption in Cupressus arizonica show that there is no 

significant difference and this plant absorbed two 

pollutants equally (Table 70). 

Tab.70. ANOVA of Cupressus arizonica lead and cadmium 
absorption 

Sum of Squares df Mean Square F Sig. 
502.746 1 502.746 2.766 .097 

65065.42 358 181.747   
65568.17 359    

 
Comparison of mean of lead and cadmium absorption 

by different organs and pot soils of Cupressus arizonica 

in different concentration show that in most cases there are 

significant difference (Tables: 71 to 74 & Figures: 49 to 52). 

Tab.71. Comparison of mean of lead and cadmium absorption 
by different organs of Cupressus arizonica in 1000ppm concentration 

Organs - Pollutants Mean Std. Error of Mean Duncan 
Stem - Cadmium 104.66 1.29 a 

Stem - Lead  102.26 1.27 b 
Leaf - Cadmium 99.25 0.71 a 

Leaf - Lead 97.30 0.41 b 
Root - Cadmium 82.82 1.21 a 

Root - Lead 82.23 1.17 b 
Pot Soils - Lead 80.90 1.83 a 

Pot Soils - Cadmium 75.18 1.06 b 
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Fig.49. Comparison of mean of lead and cadmium absorption by 

different organs of Cupressus arizonica in 1000ppm concentration 
 

Tab.72. Comparison of mean of lead and cadmium absorption by 
different organs of Cupressus arizonica in 2000ppm concentration 

Organ - Pollutant Mean Std. Error of Mean Duncan 
Stem - Cadmium 111.28 1.45 a 

Stem - Lead  107.98 1.38 b 
Leaf - Lead 108.35 1.70 a 

Leaf - Cadmium 108.17 1.23 a 
Root - Lead 91.34 2.60 a 

Root - Cadmium 86.86 1.23 b 
Pot Soils - Lead 84.46 1.53 a 

Pot Soils - Cadmium 82.90 1.17 b 

 



159 
 

b

a
a

a

b
b

aa

0.0

20.0

40.0

60.0

80.0

100.0

120.0

Leaf Stem Root Soil

Organ

A
b

so
rp

ti
o

n
(m

g
/g

)

Lead

Cadmium

 
Fig.50. Comparison of mean of lead and cadmium absorption by 
different organs of Cupressus arizonica in 2000ppm concentration 

Tab.73. Comparison of mean of lead and cadmium absorption by 
different organs of Cupressus arizonica in 3000ppm concentration 

Organ - Pollutant Mean Std. Error of Mean Duncan 
Leaf - Cadmium 110.09 0.89 a 

Leaf - Lead 107.74 2.10 b 
Stem - Lead  109.91 2.43 a 

Stem - Cadmium 105.07 3.96 b 
Root - Cadmium 91.95 1.30 a 

Root - Lead 88.44 2.44 b 
Pot Soils - Cadmium 87.48 2.19 a 

Pot Soils - Lead 86.08 1.91 b 
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Fig.51. Comparison of mean of lead and cadmium absorption by 
different organs of Cupressus arizonica in 3000ppm concentration 

 
Tab.74. Comparison of mean of lead and cadmium absorption by 
different organs of Cupressus arizonica in 4000ppm concentration 

Organ - Pollutant Mean Std. Error of Mean Duncan 
Leaf - Cadmium 133.69 1.81 a 

Leaf - Lead 126.37 0.96 b 
Stem - Lead  128.27 1.87 a 

Stem - Cadmium 128.15 2.17 a 
Root - Cadmium 106.80 1.71 a 

Root - Lead 104.11 1.91 b 
Pot Soils - Cadmium 101.04 1.88 a 

Pot Soils - Lead 98.38 0.94 b 
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Fig.52. Comparison of mean of lead and cadmium absorption by 
different organs of Cupressus arizonica in 4000ppm concentration 

 

Fraxinus rotundifolia var.rotundifolia. 

Fraxinus – Lead 
- Univariate Analysis of Variance of Fraxinus 

rotundifolia for lead absorption 

Results of analysis of variance of Fraxinus rotundifolia 

for lead absorption show that there is significant 

deference (p<0.01) between soil and organs and it means 

that different organs have absorbed different amount of 

lead. Soil texture has no effective role in absorption 

amount. Different concentrations have significant 

deference (p<0.01), it means that absorption varies by 

changing the concentration. There is no significant and 
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interaction effect between different organs and different 

soil textures but there is significant interaction (p<0.05) 

between organs absorption and different concentrations. 

Bilateral effect of soil texture and concentration wasn’t 

significant and tripartite effect of organ, soil texture and 

concentration wasn’t significant too (Table 75). 

Tab.75. Analyses Of Variance of Fraxinus rotundifolia lead 
absorption 

Source df Sum of 
square 

Mean 
Square 

F 
Value 

Pr > 
F 

Organs 3 18516.81 6172.27 341.01 <.000 
** 

Concentration 4 1988.88 497.22 27.47 <.000 
** 

Texture 2 60.00 30.00 1.66 0.195 
ns 

Organs* 
Concentration 

12 479.42 39.95 2.21 0.015 
* 

Organs* Texture 6 95.92 15.99 0.88 0.509 
ns 

Concentration 
*Texture 

8 192.85 24.11 1.33 0.234 
ns 

Organs* 
Concentration* 

Texture 

24 468.77 19.53 1.08 0.377 
ns 

= Significant (P<0.01) *= Significant (P<0.05) ns= no significant   

 

Comparison of mean between lead absorption of 

different organs (leaf, stem and root) in Fraxinus 

rotundifolia shows significant difference and put in three 
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separate groups by Duncan analysis. The maximum 

absorption belongs to stem and root (group a), then 

followed by leaf (group b) and pot soils as the minimum 

absorption (group c) (Table 76 & Figure 53). 

Tab.76. the comparison of means between organs and pot soils of 
Fraxinus rotundifolia in lead absorption 

Organs Mean situation 
Stem 109.23 a 
Root 107.47 a 
Leaf 100.55 b 

Pot Soils 81.79 c 
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Fig.53. the comparison of means between organs and pot soils of 

Fraxinus rotundifolia in lead absorption 
 

Figure 54 and table 77 show significant difference 

between concentrations and lead absorption of Fraxinus 

rotundifolia and they are located in four separate groups 
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by Duncan analysis. The maximum absorption belongs 

to 4000 ppm (group a), then 3000 and 2000 ppm (group 

ab), 1000 ppm (group b) and the last group was control 

treatment. 

Tab.77. Duncan multiple range test of Fraxinus rotundifolia lead 
absorption in different concentration 
Concentration Mean situation 

4000 ppm 109.57 a 
3000 ppm 106.47 ab 
2000 ppm 102.42 ab 
1000 ppm 93.64 b 
Control 86.70 c 
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Fig.54. the comparison of mean of lead absorption of Fraxinus 

rotundifolia in different concentrations 
 

In soil texture grouping by Duncan analysis, there is 

no difference and all three textures (Light, medium and 
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heavy) in lead absorption act the same and were located 

into one single group (Table 78). 

Tab.78. Duncan multiple range test of Fraxinus rotundifolia lead 
absorption in different soil texture 

Texture Mean situation 
Medium 100.73 a 

Light 99.67 a 
Heavy 98.89 a 

 

Comparison of mean of lead absorption by leaves of 

Fraxinus rotundifolia in different concentrations shows 

that by increasing lead concentration, leaves absorption 

have significantly enhanced and are located in four 

separate groups (a, b, c and d) by Duncan analysis (Table 

79 & Figure 55). 

Tab.79. Comparison of mean of lead absorption by Fraxinus 
rotundifolia leaves in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 113.6 2.73 a 
3000 ppm 104.8 0.70 b 
2000 ppm 102.4 0.63 b 
1000 ppm 95.1 0.75 c 
Control 87.8 0.33 d 

 



166 
 

85.0

90.0

95.0

100.0

105.0

110.0

115.0

1000 2000 3000 4000

Concentration

A
bs

or
pt

io
n

(m
g/

g)

 
Fig.  55. Comparison of mean of lead absorption by Fraxinus 

rotundifolia leaves in different concentrations 
 

Comparison of mean of lead absorption by Fraxinus 

rotundifolia stems in different concentrations as the 

leaves shows that by increase lead concentration, stems 

absorption have significant increasing and are located in 

four separate groups (a, b, c, d) by Duncan analysis 

(Table 80 & Figure 56). 

Tab.80. Comparison of mean of lead absorption by stems of 
Fraxinus rotundifolia in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
3000 ppm 119.7 2.29 a 
4000 ppm 119.1 2.84 a 
2000 ppm 110.5 1.77 b 
1000 ppm 102.7 1.57 c 
Control 94.2 0.32 d 
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Fig.56. Comparison of mean of lead absorption by stems of 

Fraxinus rotundifolia in different concentrations 
Comparison of mean of lead absorption by roots of 

Fraxinus rotundifolia in different concentrations shows 

increasing absorption in high concentration too. Duncan 

analysis makes three separate groups (a, b, c) and the 

maximum and minimum absorption belong to 4000 ppm 

and control treatment respectively (Table 81 & Figure 

56). 

Tab.81. Comparison of mean of lead absorption by roots of 
Fraxinus rotundifolia in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 116.5 0.83 a 
3000 ppm 116.4 3.60 a 
2000 ppm 111.7 1.79 a 
1000 ppm 99.6 0.98 b 
Control 93.1 0.46 c 
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Fig.56. Comparison of mean of lead absorption by roots of Fraxinus 

rotundifolia in different concentrations 
 

Comparison of mean of lead retention by soils in 

Fraxinus rotundifolia and different concentrations show 

that it somewhat increases in high concentration too. 

They are located in four separate groups By Duncan 

analysis (a, b, c, d) (Table 82 & Figure 57). 

 
Tab.82. Comparison of mean of lead absorption by pot soils of 

Fraxinus rotundifolia in different concentrations 
Concentration Mean Std. Error of Mean Duncan 

4000 ppm 89.0 0.43 a 
2000 ppm 85.1 0.93 b 
3000 ppm 85.0 0.82 b 
1000 ppm 77.2 1.28 c 
Control 72.7 0.19 d 
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Fig.57. Comparison of mean of lead absorption by pot soils of 

Fraxinus rotundifolia in different concentrations 
 

Comparison of mean of lead absorption by different 

organs (leaf, root and stem) of Fraxinus rotundifolia 

show that in 1000, 2000 and 3000 ppm concentrations 

stems and roots have absorbed more than the leaves and 

lead retention of pot soils. Duncan analysis show three 

separate group (a, b, c) too (Tables: 83, 84, 85 & Figure 

58). 

Tab.83. Comparison of lead absorption by different organs of 
Fraxinus rotundifolia in 1000 ppm 

Organ Mean Std. Error of Mean Duncan 
Stem 102.7 1.57 a 
Root 99.6 0.98 a 
Leaf 95.1 0.75 b 

Pot Soils 77.2 1.28 c 
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Tab.84. Comparison of lead absorption by different organs of 
Fraxinus rotundifolia in 2000 ppm 

Organ Mean Std. Error of Mean Duncan 
Root 111.7 1.79 a 
Stem 110.5 1.77 a 
Leaf 102.4 0.63 b 

Pot Soils 85.1 0.93 c 
 
 

Tab.85. Comparison of lead absorption by different organs of 
Fraxinus rotundifolia in 3000 ppm 

Organ Mean Std. Error of Mean Duncan 
Stem 119.7 2.29 a 
Root 116.4 3.60 a 
Leaf 104.8 0.70 b 

Pot Soils 85.0 0.82 c 

 

Comparison of mean of lead absorption by different 

organs of Fraxinus rotundifolia show that in 4000 ppm 

concentrations, the leaves, roots and stems have equally 

absorbed  the lead of pot soils. Duncan analysis confirms 

this issue and all three organs were located in one 

group.The residual lead in pot soils was located in group 

b (Table 86 & Figure 58). 

Tab.86. Comparison of lead absorption by different organs of 
Fraxinus rotundifolia in 4000 ppm 

Organ Mean Std. Error of Mean Duncan 
Stem 119.1 2.84 a 
Root 116.5 0.83 a 
Leaf 113.6 2.73 a 

Pot Soils 89.0 0.43 b 
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Fig.58. Comparison of lead absorption by different organs of 

Fraxinus rotundifolia in different concentrations 
 

Lead retention by pot soils and control treatment of 

Fraxinus rotundifolia show that stem, root and leaf have the 

maximum uptake respectively and base on Duncan analysis 

are divided into four groups (a, b, c, d) (Table 87). 

Tab.87. Comparison of lead absorption by different organs of 
Fraxinus rotundifolia in control treatment 

Organ Mean Std. Error of Mean Duncan 
Stem 94.2 0.32 a 
Root 93.1 0.46 b 
Leaf 87.8 0.33 c 

Pot Soils 72.7 0.19 d 

 

According to the Box plot 59, lead absorption by leaf, 

stem, root and pot soils of Fraxinus rotundifolia shows 

that roots and stem have the maximum absorption, When 
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the Second, third and forth quartiles are higher than 

average line show that root and stem absorption ability is 

in high concentrations of lead.  In this regard pot soils 

has the minimum content of lead which it means that 

much section of pollutant (lead) has been absorbed by 

the organs (Leaves, roots and stems). According to the 

position of first and second quartiles of leaf absorption 

which are lower, and third and forth quartiles are higher 

than average line, it can be said the maximum absorption 

ability of leaves occurs in middle concentration (Figure 

59 & Table 88). 

Fig.59. Lead absorption by different organs and pot soils of 
Fraxinus rotundifolia  
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Tab.88. Statistical Characteristics of lead absorption of Fraxinus 
rotundifolia organs and pot soils 

Organ Mean Variance Std. 
Error 

Std. 
Deviation 

Min Max Range 

Stem 109.23 128.99 1.69 11.36 92.83 138.88 46.05 
Root  107.47 121.38 1.64 11.02 92.06 134.32 42.26 
Leaf 100.55 99.17 1.48 9.96 81.17 126.94 45.77 
Pot 

Soils 
81.79 41.71 0.96 6.46 72.02 91.43 19.41 

 

Figure 60 shows that Fraxinus rotundifolia lead 

absorption ability increases when concentration will 

increase. The maximum absorption is in 4000 ppm and 

followed by 3000, 2000 and 1000 ppm respectively. As 

expected, control treatment has the minimum absorption 

and 3000 ppm has the maximum variation range. It can 

be shown that in higher than 3000 ppm, lead absorption 

ability of Fraxinus rotundifolia reduced which 

approaching the threshold of tolerance for lead 

absorption (Table 89 and Figure 60). 

Tab.89. Statistical Characteristics of lead absorption of Fraxinus 
rotundifolia in different concentration 

Concentration Mean Variance Std. 
Error 

Std. 
Deviation 

Min Max Range 

4000 ppm 109.57 182.73 2.25 13.52 86.93 138.88 51.95 
3000 ppm 106.47 229.24 2.52 15.14 81.30 134.32 53.02 
2000 ppm 102.42 132.26 1.92 11.50 80.99 123.36 42.37 
1000 ppm 93.64 111.92 1.76 10.58 74.09 112.80 38.71 
Control 86.70 77.03 1.46 8.78 72.02 96.47 24.45 
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Fig.60. Fraxinus rotundifolia lead absorption ability in different 
concentration

 
Box plot of lead absorption in different soil textures 

showed that the three textures almost identical and have 

no significant difference. The first and second quartiles 

of them are lower and the third and forth quartiles are 

higher than average line which confirms the issue.  From 

the minimum absorption level they are the same but in 

maximum absorption and variation range medium and 

light textures are superior respectively. From statistic 

view point the difference is negligible (Figure 61 and 

Table 90). 
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Fig.61. Fraxinus rotundifolia lead absorption range in different soil 
texture  

 
Tab.90. Statistical Characteristics of Fraxinus rotundifolia lead 

absorption in different soil texture 
Texture Mean Variance Std. 

Error 
Std. 

Deviation 
Min Max Range 

Median 100.73 249.85 2.04 15.81 72.02 138.88 66.86 
Light 99.67 216.81 1.90 14.72 72.02 128.45 56.43 
Heavy 98.89 183.95 1.75 13.56 72.54 124.35 51.81 

 Fraxinus – Cadmium 
- Univariate Analysis of Variance of Fraxinus 

rotundifolia for cadmium absorption 

Results of analysis of variance of Fraxinus 

rotundifolia for cadmium absorption showed that there is 

a significant difference (p<0.01) between pot soils and 

organs. It means that different organs have absorbed 

different amount of cadmium. Soil texture has no 

significant effect but the concentrations have significant 
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difference (p<0.05). It means that organs absorption 

changes by different concentrations. There is no 

significant and interaction effect between different 

organs and different soil textures. Bilateral effect of soil 

texture and concentration wasn’t significant and also 

tripartite effect of organ, soil texture and concentration 

wasn’t significant too (Table 91). 

Tab.91. Analysis of Variance of Fraxinus rotundifolia cadmium 
absorption 

Source df Sum of 
square 

Mean 
Square 

F 
Value 

Pr > F 

Organs 3 18932.60 6310.87 71.56 <.000 
** 

Concentration 4 1182.94 295.74 3.35 <.012 
* 

Texture 2 35.15 17.58 0.20 0.820 
ns 

Organs* 
Concentration 

12 978.51 81.54 0.92 0.525 
ns 

Organs* Texture 6 516.20 86.03 0.98 0.445 
ns 

Concentration 
*Texture 

8 383.03 47.88 0.54 0.822 
ns 

Organs* 
Concentration* 

Texture 

24 2574.60 107.27 1.22 0.242 
ns 

= Significant (P<0.01) *= Significant (P<0.05) ns= no significant   

 

Comparison of mean between cadmium absorption of 

different organs (leaf, stem and root) in Fraxinus 
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rotundifolia shows a significant difference which are 

located in three separate groups through Duncan 

analysis. The maximum absorption belongs to stem and 

root (group a), then leaf (group b) and followed by pot 

soils with the minimum absorption (group c) (Table 92 

& Figure 62). 

Tab.92. the comparison of means between organs and pot soils of 
Fraxinus rotundifolia in cadmium absorption 

Organs Mean situation 
Root 107.03 a 
Stem 106.79 a 
Leaf 100.73 b 

Pot Soils 80.91 c 
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Fig.62. the comparison of means between organs and pot soils of 

Fraxinus rotundifolia in cadmium absorption 
 



178 
 

Figure 63 and table 93 show significant difference 

between concentrations and cadmium absorption of 

Fraxinus rotundifolia and they are located in four 

separate groups by Duncan analysis. The maximum 

absorption belongs to 4000 and 3000 ppm respectively 

(group a), then 2000 ppm (group ab), 1000 ppm (group 

b) and the last group was control treatment (group c). 

Tab.93. Duncan multiple range test of Fraxinus rotundifolia 
cadmium absorption in different concentration 

Concentration Mean situation 
4000 ppm 110.16 a 
3000 ppm 107.70 a 
2000 ppm 102.91 ab 
1000 ppm 96.23 b 
Control 77.31 c 
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Fig.63. the comparison of mean of cadmium absorption of Fraxinus 

rotundifolia in different concentrations 
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In soil texture grouping by Duncan analysis, there is 

no significant different and all three textures (Light, 

medium and heavy) for cadmium absorption act the 

same and were located in a single group (Tab. 94). 

Tab.94. Duncan multiple range test of Fraxinus rotundifolia 
cadmium absorption in different soil texture 

Texture Mean situation 
Medium 99.2 a 
Heavy 98.9 a 
Light 98.49 a 

 

Comparison of mean of cadmium absorption by 

Fraxinus rotundifolia leaves in different concentrations 

shows that by increasing cadmium concentration, the 

leaves absorbed more pollutant so they are located in 

five separate groups (a,b,c,d and e) by Duncan analysis 

(Table 95 & Figure 64). 

Tab.95. Comparison of mean of cadmium absorption by leaves of 
Fraxinus rotundifolia in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 113.4 1.24 a 
3000 ppm 110.0 1.30 b 
2000 ppm 104.8 1.23 c 
1000 ppm 97.0 1.28 d 
Control 78.4 0.09 e 
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Fig.64. Comparison of mean of cadmium absorption by leaves of 

Fraxinus rotundifolia in different concentrations 
 

Comparison of mean of cadmium absorption by 

Fraxinus rotundifolia stems in different concentrations 

shows that by increasing cadmium concentration, stems 

have absorbed significantly as similar as the leaves and 

they are located in four separate groups (a,b,c and d) by 

Duncan analysis (Table 96 & Figure 65). 

Tab.96. Comparison of mean of cadmium absorption by stems of 
Fraxinus rotundifolia in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
3000 ppm 116.8 1.88 a 
4000 ppm 115.2 4.55 a 
2000 ppm 110.2 1.61 ab 
1000 ppm 106.4 1.01 b 
Control 85.4 0.08 c 
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Fig.65. Comparison of mean of cadmium absorption by stems of 

Fraxinus rotundifolia in different concentrations 

Comparison of mean of cadmium absorption by roots 

of Fraxinus rotundifolia in different concentrations 

emphasized that absorption would increase in high 

concentration too. Duncan analysis shows four separate 

groups (a, b, c, d) and the maximum and minimum 

absorption belonged to 4000 ppm and control treatment 

respectively (Table 97 & Figure 66). 

Tab.97. Comparison of mean of cadmium absorption by roots of 
Fraxinus rotundifolia in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 119.7 1.20 a 
3000 ppm 115.8 1.37 b 
2000 ppm 112.9 1.56 b 
1000 ppm 103.0 1.13 c 
Control 83.8 0.12 d 



182 
 

 

 
Fig.66. Comparison of mean of cadmium absorption by roots of 

Fraxinus rotundifolia in different concentrations 
 

Comparison of mean of cadmium retention by pot 

soils in Fraxinus rotundifolia in different concentrations 

shows that it somewhat increases in high concentration 

too. They are located in five separate groups by Duncan 

analysis (a, b, c, d and e) (Table 98 & Figure 67). 

Tab.98. Comparison of mean of cadmium retention by pot soils of 
Fraxinus rotundifolia in different concentrations 

Concentration Mean Std. Error of Mean Duncan 
4000 ppm 92.4 1.99 a 
3000 ppm 88.2 0.92 b 
2000 ppm 83.7 1.51 c 
1000 ppm 78.6 0.85 d 
Control 61.7 0.12 e 
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Fig.67. Comparison of mean of cadmium retention by pot soils of 

Fraxinus rotundifolia in different concentrations 
 

Comparison of mean of cadmium absorption by 

different organs (leaf, root and stem) of Fraxinus 

rotundifolia show that in 1000 ppm, stems, roots and 

leaves has the maximum absorption respectively. 

Duncan analysis shows four separate groups (a, b, c, d). 

(Table 99 & Figure 68).  

Tab.99. Comparison of cadmium absorption by different organs 
of Fraxinus rotundifolia in 1000 ppm 

Organ Mean Std. Error of Mean Duncan 
Stem 106.4 1.01 a 
Root 103.0 1.13 b 
Leaf 97.0 1.28 c 

Pot Soils 78.6 0.85 d 
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Comparison of mean of cadmium absorption of 

Fraxinus rotundifolia organs in 2000 and 3000 ppm 

show that the organs are almost identical. The maximum 

absorption is belong to stem, root, leaf and pot soils 

respectively and so they are located in three separate 

group (a, b, c) by Duncan analysis (Tables: 100, 101 & 

Figure 68). 

Tab.100. Comparison of cadmium absorption by different organs of 
Fraxinus rotundifolia in 2000 ppm 

Organ Mean Std. Error of Mean Duncan 
Root 112.9 1.56 a 
Stem 110.9 1.61 a 
Leaf 104.8 1.23 b 

Pot Soils 83.7 1.51 c 

 
Tab.101. Comparison of cadmium absorption by different organs of 

Fraxinus rotundifolia in 3000 ppm 
Organ Mean Std. Error of Mean Duncan 
Stem 116.8 1.88 a 
Root 115.8 1.37 a 
Leaf 110.0 1.30 b 

Pot Soils 88.2 0.92 c 

 
Different organs of Fraxinus rotundifolia are almost 

identical in 4000 ppm cadmium and have not significant 

difference so that by Duncan analysis they are located in 

one group (a) and pot soils is in group b (Table 102 & 

Figure 68). 
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Tab.102. Comparison of cadmium absorption by different organs of 
Fraxinus rotundifolia in 4000 ppm 

Organ Mean Std. Error of Mean Duncan 
Root 119.7 1.20 a 
Stem 115.2 4.55 a 
Leaf 113.4 1.24 a 

Pot Soils 92.4 1.99 b 
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Fig.68. Comparison of cadmium absorption by different organs of 

Fraxinus rotundifolia in different concentrations 
 

Comparison of cadmium uptake in control treatment 

of Fraxinus rotundifolia organs show that the stems have 

the maximum absorption and based on Duncan analysis 

four separate group were formed (Table 103) 
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Tab.103. Comparison of cadmium absorption by different organs of 
Fraxinus rotundifolia in control treatment  

Organ Mean Std. Error of Mean Duncan 
Stem 85.4 0.08 a 
Root 83.8 0.12 b 
Leaf 78.4 0.09 c 

Pot Soils 61.7 0.12 d 

According to Box plot 2, the amount of cadmium 

absorption by Fraxinus rotundifolia leaf, stem, root and 

pot soils showed that roots and stems have the maximum 

absorption, When the second, third and fourth quartiles 

of roots and stems are higher than average line indicates 

their ability to absorb cadmium in high concentration in 

comparison with leaves and pot soils .In this regard the 

pot soils in which plant has been grown has the 

minimum content of cadmium and minimum variation 

range. It means that the main part of pollution has been 

absorbed by the plant organs (Leaves, roots and stems). 

However the Fraxinus rotundifolia leaves have minimum 

cadmium absorption. Because the second, third and 

fourth quartiles are higher than average line and leaves 

have intermediate absorption than other two plants so it 

can be said the maximum absorption ability for cadmium 

occurs in middle concentration (Figure 69 & Table 104). 
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Fig.69. Cadmium absorption range by different organs and pot soils 

of Fraxinus rotundifolia  
 

Tab.104. Statistical Characteristics of cadmium absorption of 
Fraxinus rotundifolia organs and pot soils 

Organ Mean Std. Error Min Max Range 
Root 107.03 2.01 83.07 127.13 44.06 
Stem 106.79 1.98 82.02 129.18 47.16 
Leaf 100.73 1.94 78.04 119.38 41.34 

Pot Soils 80.91 1.69 61.11 100.01 38.90 

According to box plot for different concentrations, 

Fraxinus rotundifolia cadmium absorption ability 

increases when its concentration improves. The highest 

absorption happens in 4000 ppm and then occurs in 

3000, 2000 and 1000 ppm respectively. As expected the 

control treatment has the minimum absorption (Figure 

70 & Table 105). 
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Fig.70. Fraxinus rotundifolia cadmium absorption range ability in 
different concentration

 
 

Tab.105. Statistical Characteristics of cadmium absorption of 
Fraxinus rotundifolia in different concentration 

Concentration 
ppm 

Mean Std. 
Error 

Min Max Range 

4000 110.16 2.18 82.02 127.14 45.13 
3000 107.70 2.07 84.11 129.18 45.07 
2000 102.91 2.06 79.04 120.08 41.04 
1000 96.23 1.89 74.95 109.01 34.06 

Control 77.31 1.58 61.11 85.58 24.47 

Results from Box plot about cadmium absorption in 

different soil texture shows that there is no significant 

difference between organs and are almost similar. The 

first and second quartiles of each organ are lower than 
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the total average line and the third and fourth quartiles 

are higher than the average line which confirms this 

matter (Table 106 & Figure 71). 

 

Tab.106. Statistical Characteristics of Fraxinus rotundifolia 
cadmium absorption in different soil texture 

Texture Mean Std. Error Min Max Range
Medium 99.20 2.22 61.50 127.14 65.65 
Heavy 98.90 2.16 61.11 129.18 68.07 
Light 98.49 2.08 61.65 122.42 60.76 

 

Fig.71. Fraxinus rotundifolia cadmium absorption range in different 
soil texture  
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Fraxinus – Lead – Cadmium 
Analysis of Variance of Fraxinus rotundifolia for lead 

and cadmium absorption 

Results of analysis of variance of Fraxinus rotundifolia 

for lead and cadmium absorption ability show that there 

is no significant deference between them and it means 

that its organs have equally absorbed lead and cadmium 

(Table 107). 

Tab.107. ANOVA of Fraxinus rotundifolia lead and cadmium 
absorption ability 

Sum of Squares df Mean Square F Sig. 
139.258 1 139.258 .843 .359 

59160.85 358 165.254   
59300.11 359    

Comparison of mean of lead and cadmium absorption by 

different organs and pot soils of Fraxinus rotundifolia in 

different concentration show that in most cases there are 

significant difference (Tables:108 to 111 & Figures: 72 to 75). 

Tab.108. Comparison of mean of lead and cadmium absorption by 
different organs of Fraxinus rotundifolia in 1000ppm concentration 

Organ - Poullutant Mean Std. Error of Mean Duncan 
Stem - Cadmium 106.37 1.01 a 

Stem - Lead  102.66 1.57 b 
Root - Cadmium 102.95 1.13 a 

Root - Lead 99.60 0.98 b 
Leaf - Cadmium 97.05 1.28 a 

Leaf - Lead 95.13 0.75 b 
Pot Soils - Cadmium 78.56 0.85 a 

Pot Soils - Lead 77.18 1.28 b 
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Fig.72. Comparison of mean of lead and cadmium absorption by 
different organs of Fraxinus rotundifolia in 1000ppm concentration 

   
Tab.109. Comparison of mean of lead and cadmium absorption by 
different organs of Fraxinus rotundifolia in 2000ppm concentration 

Organ - Poullutant Mean Std. Error of Mean Duncan 
Root - Cadmium 112.91 1.56 a 

Root - Lead 111.71 1.79 b 
Stem - Lead  110.55 1.77 a 

Stem - Cadmium 110.21 1.61 a 
Leaf - Cadmium 104.84 1.23 a 

Leaf - Lead 102.38 0.63 b 
Pot Soils - Lead 85.06 0.93 a 

Pot Soils - Cadmium 83.69 1.51 b 
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Fig.73. Comparison of mean of lead and cadmium absorption by 

different organs of Fraxinus rotundifolia in 2000ppm concentration 
 

Tab.110. Comparison of mean of lead and cadmium absorption by 
different organs of Fraxinus rotundifolia in 3000ppm concentration 

Organ - Poullutant Mean Std. Error of Mean Duncan 
Stem - Lead  119.66 2.29 a 

Stem - Cadmium 116.84 1.88 b 
Root - Lead 116.42 3.60 a 

Root - Cadmium 115.78 1.37 a 
Leaf - Cadmium 109.96 1.30 a 

Leaf - Lead 104.82 0.70 b 
Pot Soils - Cadmium 88.21 0.92 a 

Pot Soils - Lead 85.00 0.82 b 
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Fig.74. Comparison of mean of lead and cadmium absorption by 

different organs of Fraxinus rotundifolia in 3000ppm concentration 
 
Tab.111. Comparison of mean of lead and cadmium absorption by 
different organs of Fraxinus rotundifolia in 4000ppm concentration 

Organ - Poullutant Mean Std. Error of Mean Duncan 
Root - Cadmium 119.74 1.20 a 

Root - Lead 116.54 0.83 b 
Stem - Lead  119.13 2.84 a 

Stem - Cadmium 115.16 4.55 b 
Leaf - Lead 113.60 2.73 a 

Leaf - Cadmium 113.38 1.24 a 
Pot Soils - Cadmium 92.36 1.99 a 

Pot Soils - Lead 89.00 0.43 b 
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Fig.75. Comparison of mean of lead and cadmium absorption by 

different organs of Fraxinus rotundifolia in 4000ppm concentration 

Comparisons between species and pollutants. 

Robinia, Cupressus, Fraxinus – Lead 
Comparison of mean of lead absorption by organs and 

pot soils of all three species (Robinia pseudoacacia, 

Cupressus arizonica and Fraxinus rotundifolia) in 1000 

ppm show that roots, stems and leaves of Robinia 

pseudoacacia have the maximum absorption and then 

Fraxinus rotundifolia has more absorption than Cupressus 

arizonica in most cases (Tables:112 to 114 & Figure 76). 

Lead retention in pot soils of all three species hasn't 

significant difference and has the minimum of pollutant 

indeed (Table 115). 
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Tab.112. Lead absorption by leaves of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 1000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 98.00 1.02 a 

Cupressus 97.30 0.41 ab 
Fraxinus 95.13 0.75 b 

 
Tab.113. Lead absorption by stems of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 1000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 115.22 1.82 a 
Fraxinus 102.66 1.57 b 

Cupressus 102.26 1.27 b 

 
Tab.114. Lead absorption by roots of Robinia Fraxinus 

rotundifolia, Cupressus arizonica and Robinia pseudoacacia in 
1000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 119.81 1.85 a 
Fraxinus 99.60 0.98 b 

Cupressus 82.23 1.17 c 

 
Tab.115. Lead retention by pot soils of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia  in 1000 ppm 

Species Mean Std. Error of Mean Duncan 
Cupressus 80.90 1.83 a 
Robinia 80.29 0.81 a 
Fraxinus 77.18 1.28 a 
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Fig.76. Lead absorption by different organs of Fraxinus 

rotundifolia, Cupressus arizonica and Robinia pseudoacacia in 
1000 ppm 

 

Comparison of mean of lead absorption by organs and 

pot soils of all three species (Robinia pseudoacacia, 

Cupressus arizonica and Fraxinus rotundifolia) in 2000 

ppm show that the leaves of Cupressus arizonica and 

Robinia pseudoacacia have the maximum absorption jointly 

(Table 116 & Figure 77). But the stems and roots of Robinia 

pseudoacacia and Fraxinus rotundifolia have more 

absorption respectively (Tables: 117 & 118; Figure 77). 

Lead retention in pot soils of all three species hasn't 

significant difference and has the minimum of pollutant 

indeed (Table 119). 
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Tab.116. Lead absorption by leaves of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 2000 ppm 

Species Mean Std. Error of Mean Duncan 
Cupressus 108.35 1.70 a 
Robinia 106.95 0.86 a 
Fraxinus 102.38 0.63 b 

 
Tab.117. Lead absorption by stems of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 2000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 131.42 1.46 a 
Fraxinus 110.55 1.77 b 

Cupressus 107.98 1.38 b 

 
Tab.118. Lead absorption by roots of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 2000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 131.96 1.87 a 
Fraxinus 111.71 1.79 b 

Cupressus 91.34 2.60 c 

 
Tab.119. Lead retention by pot soils of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacaciain 2000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 89.51 2.33 a 
Fraxinus 85.06 0.93 a 

Cupressus 84.46 1.53 a 
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Fig.77. Lead absorption by different organs of Fraxinus 

rotundifolia, Cupressus arizonica and Robinia pseudoacacia in 
2000 ppm 

Comparison of mean of lead absorption by organs and 

pot soils of all three species (Robinia pseudoacacia, 

Cupressus arizonica and Fraxinus rotundifolia) in 3000 

ppm show that the leaves of Robinia pseudoacacia have the 

maximum absorption and then Cupressus arizonica and 

Fraxinus rotundifolia had almost similar performance 

(Table 120). But the stems and roots of Robinia 

pseudoacacia and Fraxinus rotundifolia have more 

absorption respectively (Tables: 121 and 122; Figure 78). 

Lead retention in pot soils of all three species has significant 

difference and the maximum lead retention   belongs to 

Robinia pseudoacacia pot soils (Tabe 123). 
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Tab.120. Lead absorption by leaves of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 3000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 113.68 1.56 a 

Cupressus 107.74 2.10 b 
Fraxinus 104.82 0.70 b 

 
Tab.121. Lead absorption by stems of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 3000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 132.28 1.02 a 
Fraxinus 119.66 2.29 b 

Cupressus 109.91 2.43 c 

 
Tab.122. Lead absorption by roots of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in  3000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 138.42 2.31 a 
Fraxinus 116.42 3.60 b 

Cupressus 88.44 2.44 c 

 
Tab.123. Lead retention by pot soils of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in  3000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 93.97 2.44 a 

Cupressus 86.08 1.91 b 
Fraxinus 85.00 0.82 b 
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Fig.78. Lead absorption by different organs of Fraxinus 
rotundifolia, Cupressus arizonica and Robinia pseudoacacia in 

3000 ppm 

Comparison of mean of lead absorption by organs and 

pot soils of all three species (Robinia pseudoacacia, 

Cupressus arizonica and Fraxinus rotundifolia) in 4000 

ppm show that the leaves of Robinia pseudoacacia have the 

maximum absorption and then Cupressus arizonica and 

Fraxinus rotundifolia had almost similar performance 

(Table 124). But the stems of Robinia pseudoacacia and 

Cupressus arizonica have more absorption respectively 

(Table 125). The root of Robinia pseudoacacia has more 

uptake than two other species (Table 126 & Figure 79). 
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Lead retention in pot soils of all three species has significant 

difference and the maximum lead retention   belongs to 

Cupressus arizonica pot soils (Table 127). 

Tab.124. Lead absorption by leaves of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in  4000 ppm 

Species Mean Std. Error of Mean Duncan 
Cupressus 126.37 0.96 a 
Fraxinus 113.60 2.73 b 
Robinia 112.07 1.27 b 

 
Tab.125. Lead absorption by stems of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in  4000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 137.15 1.21 a 

Cupressus 128.27 1.87 b 
Fraxinus 119.13 2.84 c 

 
Tab.126. Lead absorption by roots of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in  4000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 147.85 3.25 a 
Fraxinus 116.54 0.83 b 

Cupressus 104.11 1.91 c 

 
Tab.127. Lead retention by pot soils of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in  4000 ppm 

Species Mean Std. Error of Mean Duncan 
Cupressus 98.38 0.94 a 
Robinia 94.55 1.28 b 
Fraxinus 89.00 0.43 c 
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Fig.79. Lead absorption by different organs of Fraxinus 

rotundifolia, Cupressus arizonica and Robinia pseudoacacia in 
4000 ppm 

 

Comparison of mean of lead absorption by organs and 

pot soils of all three species (Robinia pseudoacacia, 

Cupressus arizonica and Fraxinus rotundifolia) in control 

treatment show that the leaves of Robinia pseudoacacia 

have the maximum absorption (Table 128) But the stems and 

roots of Robinia pseudoacacia and Fraxinus rotundifolia 

have more absorption respectively (Tables: 129 and 130).  

Lead retention in pot soils of all three species has significant 

difference and the maximum remaining lead   belongs to 

Fraxinus rotundifolia pot soils (Table 131). 
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Tab.128. Lead absorption by leaves of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in control treatment 

Species Mean Std. Error of Mean Duncan 
Fraxinus 87.75 0.33 a 

Cupressus 77.95 0.30 b 
Robinia 76.49 0.26 c 

 
Tab.129. Lead absorption by stems of Fraxinus rotundifolia, 

Cupressus arizonica and Robinia pseudoacacia in control treatment 
Species Mean Std. Error of Mean Duncan 
Robinia 94.35 0.26 a 
Fraxinus 94.17 0.32 a 

Cupressus 79.34 0.27 b 

 
Tab.130. Lead absorption by roots of Fraxinus rotundifolia, 

Cupressus arizonica and Robinia pseudoacacia in control treatment 
Species Mean Std. Error of Mean Duncan 
Robinia 95.30 0.26 a 
Fraxinus 93.08 0.46 b 

Cupressus 61.24 0.13 c 

 
Tab.131. Lead retention by pot soils of Fraxinus rotundifolia, 

Cupressus arizonica and Robinia pseudoacacia in control treatment 
Species Mean Std. Error of Mean Duncan 
Fraxinus 72.71 0.19 a 
Robinia 61.71 0.13 b 

Cupressus 61.21 0.25 b 
 

The lead absorption level by Fraxinus rotundifolia, 

Cupressus arizonica and Robinia pseudoacacia 

var.rotundifolia showed that the variation range of 

Robinia pseudoacacia absorption is more than two other 

species (Max: 163.174, Min: 61.278 mg/g dry weight).  
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While the second, third and forth quartiles of observations 

are higher than the average line, lead absorption ability 

of this species in high concentrations is more than 

Cupressus arizonica and Fraxinus rotundifolia. 

Although variation range of Fraxinus rotundifolia 

absorptions is lower than two other species, nevertheless 

its absorption ability is considerable because it's third 

and forth quartiles are higher than average line. 

Cupressus arizonica is mediocrity of two other species 

(Figure. 80, 81 & Table 132). 

Fig.80. Lead absorption range by Fraxinus rotundifolia, Cupressus 
arizonica and Robinia pseudoacacia 
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Fig.81. Lead absorption by Fraxinus rotundifolia, Cupressus 

arizonica and Robinia pseudoacacia 
 

Tab.132. Statistical Characteristics of lead absorption of Fraxinus 
rotundifolia, Cupressus arizonica and Robinia pseudoacacia 

Species Mean Std. 
Error 

Min Max Range 

Robinia pseudoacacia 108.55 1.74 61.28 163.17 101.9 
Fraxinus rotundifolia 99.76 1.09 72.02 138.88 66.86 
Cupressus arizonica 94.19 1.38 59.91 141.83 81.92 

Robinia, Cupressus, Fraxinus – Cadmium 
Comparison of mean of cadmium absorption by organs 

and pot soils of all three species (Fraxinus rotundifolia, 

Cupressus arizonica and Robinia pseudoacacia) in 1000 

ppm show that the leaves of Cupressus arizonica and 

Fraxinus rotundifolia have the maximum absorption jointly 

(Tab.133) But the stems and roots of Robinia 
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pseudoacacia and Fraxinus rotundifolia have more 

absorption respectively (Tables: 134 and 135; Figure 82).  

Cadmium retention in pot soils of all three species has 

significant difference and the maximum cadmium retention 

belongs to Cupressus arizonica pot soils (Table 136). 

 
Tab.133. Cadmium absorption by leaves of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 1000 ppm 

Species Mean Std. Error of Mean Duncan 
Cupressus 99.25 0.71 a 
Fraxinus 97.05 1.28 a 
Robinia 92.51 1.56 b 

 
Tab.134. Cadmium absorption by stems of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 1000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 117.41 1.24 a 
Fraxinus 106.37 1.01 b 

Cupressus 104.66 1.29 b 

 
Tab.135. Cadmium absorption by roots of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 1000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 119.79 1.16 a 
Fraxinus 102.95 1.13 b 

Cupressus 82.82 1.21 c 
 

Tab.136. Cadmium retentiom by pot soils of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 1000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 79.01 1.16 a 
Fraxinus 78.56 0.85 a 

Cupressus 75.18 1.06 b 
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Fig.82. Cadmium absorption by different organs of Fraxinus 

rotundifolia, Cupressus arizonica and Robinia pseudoacacia in 
1000 ppm 

 
Comparison of mean of cadmium absorption by organs 

and pot soils of all three species (Fraxinus rotundifolia, 

Cupressus arizonica and Robinia pseudoacacia) in 2000 

ppm show that the leaves of all three species have the 

maximum absorption jointly and there is no significant 

difference between them (Tab. 137) But the stems and roots 

of Robinia pseudoacacia and Fraxinus rotundifolia have 

more absorption respectively (Tables: 138 and 139; Figure 

83).  
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Cadmium retention in pot soils for all three species hasn't 

significant difference and has the minimum of pollutant 

indeed (Table 140). 

 
Tab.137. Cadmium absorption by leaves of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 2000 ppm 

Species Mean Std. Error of Mean Duncan 
Cupressus 108.17 1.23 a 
Robinia 104.92 0.88 a 
Fraxinus 104.84 1.23 a 

 
Tab.138. Cadmium absorption by stems of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in  2000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 136.63 1.64 a 

Cupressus 111.28 1.45 b 
Fraxinus 110.21 1.61 b 

 
Tab.139. Cadmium absorption by roots of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 2000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 132.67 1.82 a 
Fraxinus 112.91 1.56 b 

Cupressus 86.86 1.23 c 

 
Tab.140. Cadmium retention by pot soils of Fraxinus rotundifolia, 

Cupressus arizonica and Robinia pseudoacacia in 2000 ppm 
Species Mean Std. Error of Mean Duncan 
Robinia 84.44 0.84 a 
Fraxinus 83.69 1.51 a 

Cupressus 82.90 1.17 a 
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Fig.83. Cadmium absorption by different organs of Fraxinus 

rotundifolia, Cupressus arizonica and Robinia pseudoacacia in 
2000 ppm 

 
Comparison of mean of cadmium absorption by organs 

and pot soils of all three species (Fraxinus rotundifolia, 

Cupressus arizonica and Robinia pseudoacacia) in 3000 

ppm show that the leaves of all three species have the 

maximum absorption jointly and there is no significant 

difference between them (Tab. 141) But the stems and roots 

of Robinia pseudoacacia and Fraxinus rotundifolia have 

more absorption respectively (Tables: 142 and 143; Figure 

84). Pot soils cadmium retention of all three species hasn't 

significant difference nevertheless the minimum cadmium 

retention belongs to Cupressus arizonica pot soils (Table 

144). 
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Tab.141. Cadmium absorption by leaves of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 3000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 114.51 2.65 a 

Cupressus 110.09 0.89 a 
Fraxinus 109.96 1.30 a 

 
Tab.142. Cadmium absorption by stems of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 3000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 137.19 1.08 a 
Fraxinus 116.84 1.88 b 

Cupressus 105.07 3.96 c 
 

Tab.143. Cadmium absorption by roots of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 3000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 135.72 5.02 a 
Fraxinus 115.78 1.37 b 

Cupressus 91.95 1.30 c 
 

Tab.144. Cadmium retention by pot soils of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 3000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 91.88 0.99 a 
Fraxinus 88.21 0.92 a 

Cupressus 87.48 2.19 a 
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Fig.84. Cadmium absorption by different organs of Fraxinus 

rotundifolia, Cupressus arizonica and Robinia pseudoacacia in 
3000 ppm 

 
Comparison of mean of cadmium absorption by organs 

and pot soils of all three species (Fraxinus rotundifolia, 

Cupressus arizonica and Robinia pseudoacacia) in 4000 

ppm show that the leaves of Cupressus arizonica have the 

maximum absorption and then Cupressus arizonica and 

Fraxinus rotundifolia had almost similar performance 

(Table 145). But the stems of Robinia pseudoacacia and 

Cupressus arizonica have more absorption respectively 

(Table 146). The root of Robinia pseudoacacia has   more 

uptake than two other species (Table 147 and Figure 85).  
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Cadmium retention in pot soils of all three species has 

significant difference and the maximum cadmium retention 

belongs to Cupressus arizonica pot soils (Table 148). 

 
Tab.145. Cadmium absorption by leaves of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 4000 ppm 

Species Mean Std. Error of Mean Duncan 
Cupressus 133.69 1.81 a 
Fraxinus 113.38 1.24 b 
Robinia 112.97 1.00 b 

 
Tab.146. Cadmium absorption by stems of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in 4000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 135.21 2.60 a 

Cupressus 128.15 2.17 a 
Fraxinus 115.16 4.55 b 

 
Tab.147. Cadmium retention by roots of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in  4000 ppm 

Species Mean Std. Error of Mean Duncan 
Robinia 138.25 2.99 a 
Fraxinus 119.74 1.20 b 

Cupressus 106.80 1.71 c 

 
Tab.148. Cadmium absorption by pot soils of Fraxinus rotundifolia, 

Cupressus arizonica and Robinia pseudoacacia in 4000 ppm 
Species Mean Std. Error of Mean Duncan 

Cupressus 101.04 1.88 a 
Robinia 92.87 1.57 b 
Fraxinus 92.36 1.99 b 
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Fig.85. Cadmium absorption by different organs of Fraxinus 

rotundifolia, Cupressus arizonica and Robinia pseudoacacia in 
4000 ppm 

 
Comparison of mean of cadmium absorption by organs 

and pot soils of all three species (Fraxinus rotundifolia, 

Cupressus arizonica and Robinia pseudoacacia) in 

control treatments show that the leaves of Cupressus 

arizonica and Robinia pseudoacacia have the maximum 

absorption (Table 149).  But the stems and roots of Robinia 

pseudoacacia and Fraxinus rotundifolia have more 

absorption respectively (Tables: 150 and 151).  

Pot soils cadmium retention of all three species has 

significant difference and the maximum remaining cadmium 

belongs to Robinia pseudoacacia pot soils (Table 152). 

 



214 
 

Tab.149. Cadmium absorption by leaves of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in control treatment 

Species Mean Std. Error of Mean Duncan 
Cupressus 80.80 0.17 a 
Robinia 80.33 0.20 a 
Fraxinus 78.39 0.09 b 

 
 

Tab.150. Cadmium absorption by stems of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in   control 

treatment 
Species Mean Std. Error of Mean Duncan 
Robinia 99.17 0.19 a 
Fraxinus 85.36 0.08 b 

Cupressus 82.50 0.14 c 
 

Tab.151. Cadmium absorption by roots of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in   control 

treatment 
Species Mean Std. Error of Mean Duncan 
Robinia 100.66 0.23 a 
Fraxinus 83.77 0.12 b 

Cupressus 64.70 0.19 c 

Tab.152. Cadmium retention by pot soils of Fraxinus rotundifolia, 
Cupressus arizonica and Robinia pseudoacacia in control treatment 

Species Mean Std. Error of Mean Duncan 
Robinia 63.04 0.24 a 
Fraxinus 61.72 0.12 ab 

Cupressus 61.02 0.07 b 

 
Studying the amount of cadmium absorption by 

Fraxinus rotundifolia, Cupressus arizonica and Robinia 

pseudoacacia showed that the variation range of Robinia 



215 
 

pseudoacacia absorption is more than two other species 

(Max: 149.78, Min: 61.5 mg/g dry weight).  

Since the second, third and forth quartiles of 

observations are higher than the average line, cadmium 

absorption ability of this species in high concentrations 

is more than Cupressus arizonica and Fraxinus 

rotundifolia. 

Although Fraxinus rotundifolia has lower than two other 

species, nevertheless its absorption ability is 

considerable because it's third and forth quartiles are 

higher than average line. Cupressus arizonica has 

located between Robinia pseudoacacia and Fraxinus 

rotundifolia (Figure 86, 87 & Table 153). 

 
Fig.86. Cadmium absorption range by Fraxinus rotundifolia, Cupressus 

arizonica and Robinia pseudoacacia 
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Fig.87. Cadmium absorption by Fraxinus rotundifolia, Cupressus arizonica 

and Robinia pseudoacacia 

 
Tab.153. Statistical Characteristics of cadmium absorption of Fraxinus 

rotundifolia, Cupressus arizonica and Robinia pseudoacacia 
Species Mean Std.  

Error 
Min Max Range 

Robinia pseudoacacia 108.46 1.72 61.50 149.78 88.28 
Fraxinus rotundifolia 98.86 1.24 61.12 129.18 68.07 
Cupressus arizonica 95.22 1.43 60.62 142.30 81.67 
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Phytoremediation is an emerging technology that 

employs the use of higher plants for the cleanup of 

contaminated environments. Fundamental and applied 

researches have unequivocally demonstrated that 

selected plant species possess the genetic potential to 

degrade, remove, immobilize or metabolize a wide range 

of contaminants. Phytoremediation is become a 

commercial technology because of this high capacity. 

Limited information on the medicinal properties of 

plants has been hinder of progress in this area. The effect 

of these mechanisms on agronomic practices is poorly 

understood. There is very biological nature of this novel 

approach as another limitation. Phytoremediation 

potential depends on some factors as; the contaminants, 

interaction among soil, microbes, and plants that this 

complex interaction, affected by a variety of factors, 

such as soil properties, site hydro- geology, climatic 

conditions, and in favor of site-specific 

phytoremediating Proceedings. Thus to understand the 

basic plant mechanisms, and the effect of agronomic 

practices on plant, soil and pollutant interaction, 
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researchers need to optimize the process to site specific 

conditions. 

Metals unlike organic contaminants cannot be degraded. 

Commonly, Cleanup of contaminated soils often requires 

the removal of toxic metal. Recently, phytoextraction 

tecnic as a cost-effective is used by plants to extract 

toxic materials from contaminated soils. 

       Many metal elements such as Cu, Ni, Mn, and Zn 

are essential micronutrients. In nonaccumulator plants, 

accumulation of these elements isnot more than their 

metabolic needs (<10ppm). In contrast, 

hyperaccumulator plants can accumulate really high 

amounts of these elements (in the thousands of ppm). 

Because of metal accumulation is a process that 

consumes energy, the use of metal hyperaccumulator 

species are many advantages. Recent researches have 

confirmed that metal accumulation in the foliage of 

hyperaccumulator species that evade predators as fungi, 

bacteria and caterpillars (Boyd and Martens, 1994; 

Pollard and Baker, 1997). 

       Hyperaccumulator is said to the plants that not only 

accumulate high levels of essential micronutrients, but 
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can also absorb a lot of nonessential elements, such as 

Cd and Pb. The Cd accumulation mechanism is unclear 

yet. It is possible that this metal absorption in roots is 

through the transmission system of another essential 

divalent element, possibly Zn2+. Cadmium is the 

subsequent chemical analogue, and plants may not be 

able distinguish these two ions (Chaney et al, 1994). 

The evolution of plant stems primarily is 

“introverted” paths by perfecting physical barriers 

between themselves and the environment; the roots are 

more “extroverted” in their relationship with soil. Create 

some biological mechanisms is required, that recently 

were understudied and underutilized. Rhizosecretion and 

phytoextraction are starting to change this, and scientists 

have to take a radically new look at the the ambiguous of 

plant biology. These technologies also represent other 

values  of plant (nonagricultural uses of plants), that 

would expand in the new century. 

Several thousands of toxic chemicals both 

anthropogenic and natural origin, put the environment at 
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risk. Environmental toxicology is related to the safety, 

health, protection and conservation of aquatic 

environments. Ecotoxicology creates the cause-effect 

link between chemical contaminant concentrations and 

ecological effects by different tools and methods to show 

the contaminants effects on organisms, communities and 

populations. In the past few decades the human 

population has greatly increased and use of synthetic 

organic chemicals in agriculture and industry are 

increased too.  

Chemicals in the environment represent a wide range 

of contaminant types of extremely toxic to the material 

with a comparatively low toxicity (ammoniain 

discharges from wastewater cleansing plants, farms etc.,) 

which may differ greatly in load their mass to the 

environment. While some organism's bioaccumulate 

strongly, others induce to give specific bio-chemical 

responses and may others sensitive species show effects 

largely by mortality. Toxic contaminants are usually 

defined as those chemicals which give rise adverse 

biological effects in some level to the living components 

of environment or humans. With purposes of focuses on 
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the environment, the toxic contamination has been 

definited to chemicals or contaminants with biological 

adversely effect. A wide range of organic and inorganic 

compounds cause contamination, these include 

putriscible substances, combustible, heavy metals, 

explosives, petroleum products and hazardous wastes. 

Heavy metals are major component of inorganic 

contaminates (Adriano, 1986).  

The main concerns about heavy metals are their 

persistence in the environment as they do not decay, 

volatilize, degrade or by photolysis (Novotny, 1995), and 

their interoperability to the accumulation of all living 

tissues (bioaccumulation) and are the main threat at the 

head of the food chain. Many researches has done into 

organic chemicals and focused primarily on compounds 

that are toxic to humans, animals and plants which have 

persistent causing bioaccumulation in organisms and 

food chains (Haughton and Hunter, 1994).  

Metal contaminated soil can be remediated by 

chemical, physical and biological techniques. It is now 

accepted that monitoring of environmental toxicants 

using biological organisms is more realistic than 
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physicochemical measures of concentrations in water 

and soils. Phytoremediation is an innovative technology 

that uses plants to remove and/or degrade environmental 

contaminants such as heavy metals and organic 

compounds.  

Rhizosecretion is the future challenge in the 

successful development of effective and safe 

pharmaceuticals from the collection of biologically 

active lead molecules secreted by the large scales and 

roots and affordable manufacturing of recombinant 

proteins. The elderly and growing children demand for 

better pharmaceuticals thus the use of green plants as 

sources of new drug should be foster, biotransformation, 

and in some cases, manufacturing. Thus, most efficiency 

of infinite biosynthetic capacity of plants for two 

reasons: they are cheap and renewable, will present 

suitable opportunities for plant researchers in the next 

century. 

Since the study was aimed at using plants to remove 

heavy metals from the soil, the amount of metals 

accumulated in the plant depends on the bioavailable 

fraction of metal in the soil. 
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The use of trees as a vegetation cover for the 

phytoremediation of land contaminated by heavy metals 

does seem to have considerable potential. There is plenty 

of evidence from the natural establishment of trees on 

contaminated sites that some types of trees can survive 

under such adverse conditions. The main characteristic 

of trees that makes them suitable for phytoremediation is 

their large biomass, both above and below ground. 

Physical phytostabilisation can be readily achieved and 

is often the main benefit of using trees on such sites 

(Pulford and Watson, 2003). 

Lead, chromium and copper tend to be immobilized 

and held primarily in the roots, whereas Cd, Ni and Zn 

are more easily translocated to the aerial tissues (Pulford 

and Watson, 2003). 

• This study showed the maximum potential for cadmium 

and lead absorbing is belong to Robinia pseudoacacia, 

followed by Cupressus arizonica and Fraxinus 

rotundifolia. It can be a guide for selecting plant species, 

irrigation methods and suitable plant organs for 

consumption in farms, forests and countrysides. 
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• Results of this research showed that the maximum 

concentration of lead was in the roots and stems in 4000 

ppm concentration. The same results have been reported 

by other researchers, (Nemati et al 2013, Kovalevskiy 

1979, Marry et al 1986b). 

• Soil texture grouping by Duncan analysis show that there 

is no significant difference and all three textures (Light, 

medium and heavy) in lead and cadmium absorption in 

all three species (Robinia pseudoacacia, Cupressus 

arizonica and Fraxinus rotundifolia) act the same. 

Based on this study default, to form three soil textures 
(heavy, medium and light) certain percentages of soil 
components were considered (Table 1). The results show 
minor differences in the uptake of contaminants by these 
three soil textures. In the other word soil texture has not 
any effective role in decrease or increase the rate of 
plants uptake. It seems that to better illustrate the effects 
of soil texture, have greater amounts of soil components 
(clay, silt and sand) to form lighter and heavier soils. 
Soil acidity in this study were almost identical, Changes 
in soil acidity also be effective in rate absorption. 

• High accumulation in the roots and stems of all three 

species in all concentration shows these species has high 

ability fof  lead and cadmium absorption and they arenot 
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harmful at least to 4000 ppm and it's even possible 

recognizes as a useful material and save it. 

• Results of analysis of variance of all three species for 

both of pollutant (lead and cadmium) absorption ability 

show that there is no significant deference between 

them. 

Robinia pseudoacacia 

• Different organs of Robinia pseudoacacia have absorbed 

different amount of lead and cadmium. Soil texture has 

no significant effect but the concentrations have 

significant difference (p<0.01). It means that organs 

absorption varies by concentration change. In the other 

word there is significant difference both lead and 

cadmium absorption by different organs and pot soils of 

Robinia pseudoacacia in different concentration (1000, 

2000, 3000 & 4000ppm) 

• There is significant deference (p<0.01) in lead and 

cadmium absorption in different concentrations by 

Duncan analysis. The maximum both of pollutant 

absorption belongs to 3000 and 4000 ppm (group a) and 

then followed by 2000 ppm (group b), 1000 ppm (group 

c) and control treatment as the last group (group d).  
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• In all concentrations and control treatment, the roots have the 

maximum absorption and accumulation of lead and cadmium, 

the stems and leaves were in next ranks. 

• Remaining amount of two pollutants in the Robinia 

pseudoacacia pot soils show that cadmium has absorbed 

more than lead by organs in all concentrations. There are 

two major limitations to Pb phytoextraction: the low Pb 

bioavailability in soil and the poor translocation of Pb 

from roots to stems (PUlford and Watson, 2003). 

•  (group a) and then followed by 3000 and 2000 ppm 

(group ab), 1000 ppm (group b) and control treatment as 

the last group (group c). The maximum cadmium 

absorption belongs to 3000 and 4000 ppm (group a) and 

then followed by 2000 ppm (group ab), 1000 ppm (group 

b) and control treatment as the last group (group c). 

• Comparison of mean of lead and cadmium absorption by 

Fraxinus rotundifolia shows that in all of 

Concentrations, the stems have absorbed both of 

pollutant more than the roots and leaves. 
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The comparisons of all three species and both 

pollutants 

Lead  

Cupressus arizonica 

• There is significant deference (p<0.01) in lead and 

cadmium absorption in different concentrations by 

Duncan analysis. The maximum both of pollutant 

absorption belongs to 4000 ppm (group a) and then 

followed by 3000, 2000 ppm (group b), 1000 ppm 

(group c) and control treatment as the last group (group 

d).  

• Comparison of mean both of pollutant absorption by 

Cupressus arizonica shows that in all concentrations, the 

stems have absorbed more than leaves and roots. 

 

Fraxinus rotundifolia 

• Different organs of Robinia pseudoacacia have absorbed 

different amount of lead and cadmium. Soil texture has 

no significant effect but the concentrations have 

significant difference (p<0.01). 



229 
 

1- There is significant deference (p<0.01) in lead and 

cadmium absorption in different concentrations by 

Duncan analysis. The maximum lead absorption belongs 

to 4000 ppm 

The comparison of mean of lead absorption by organs and pot 

soils of all three species (Robinia pseudoacacia, Cupressus 

arizonica and Fraxinus rotundifolia) show that: 

• In 1000 ppm, the roots, stems and leaves of Robinia 

pseudoacacia have the maximum absorption. 

• In 2000 ppm, the leaves of Cupressus arizonica and 

Robinia pseudoacacia have the maximum absorption 

jointly. 

• In 3000 ppm, the leaves, stems and roots of Robinia 

pseudoacacia have the maximum absorption. 

• In 4000 ppm, the leaves of Cupressus arizonica have the 

maximum absorption. 

Overall 

• In all concentrations, stems and roots of Robinia 

pseudoacacia have the maximum lead absorption.  

2- Cadmium 

• In 1000 ppm, the leaves of Cupressus arizonica and Fraxinus 

rotundifolia have the maximum absorption jointly. 
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• In 2000 ppm, the leaves of all three species have the 

maximum absorption jointly. 

• In 3000 ppm, the leaves of all three species have the 

maximum absorption jointly. 

• In 4000 ppm, the leaves of Cupressus arizonica have the 

maximum absorption. 

Overall 

• In all concentrations, stems and roots of Robinia 

pseudoacacia have the maximum cadmium absorption. 



231 
 

Refrences 

1- Adriano D.C. Trace elements in the terrestrial environment// 
pringer- Verlag, New York;. 1986.  pp, 533. 

2- Alkorta I., Hernandez-Allica J., Becerril J. M., Amezaga I., Albizu 
I., Garbisu C. ‘Recent findings on the phytoremediationof soils 
contaminated with environmentally toxic heavy metals and 
metalloids such as zinc, cadmium, lead, and arsenic’// reviews in 
Environmental Science and Bio/Technology. 2004. 3, 71-90. 

3- Alloway B.J. and Jackson A.P. The behavior of heavy metals in 
sewagesludge amended soils// Sci. Total Environ. 1991. 100: 151-
176. 

4- Antonkiewicz J., Jasiewicz C. The use of plants accumulating heavy 
metals for detoxification of chemically polluted soils// J. Pol. Agric. 
Univ. 2002. 5, 121–143. 

5- Baker A. J. M. and Brooks R. R., Terrestrial higher plants which 
hyperaccumulate metalic elements. A review of their distribution, 
ecology and phytochemistry// Biorecovery. 1989. 1; 81-126 

6- Baker A.J.M, Walker P.L. in Heavy Metal Tolerance in Plants: 
Evolutionary Aspects. (ed Shaw AJ)// Boca Raton: CRC Press. 
1990. pp 155–177 

7- Baker A. J. M., Reeves R. D. and McGrath S. P. In situ 
decontamination of heavy metal polluted soils using crops of metal-
accumulating plants-a feasibility study// In situ Bioreclamation, Eds 
RE Hinchee, RF Olfenbuttel. 1991. Pp 539- 544, Butterworth- 
Heinemann. Stoneham MA 

8- 8- Baker A.J.M., McGrath S.P., Sidoli C.M.D. and Reeves R.D. The 
possibility of in situ heavy metals decontamination of polluted soils 
using crops of metal-accumulating plants// Resour. Conserv. Recyl. 
1994.11, 41–49. 

9- Bañuelos G.S. Phytoextraction of selenium from soils irrigated with 
selenium-laden            effluent// Plant and Soil. 2000. 224(2); 251-
258 



232 
 

10- Baumann A. Das Verhalten von Zinksatzen gegen Pflanzen und im 
Boden// Landwirtsch. Vers.-Statn. 1885. 31: 1-53. 

11- Black H. Absorbing possibilities: Phytoremediation// Environ. 
Health Prespect. 1995. 103(12); 1106-1108. 

12- Body P.E., Inglis G.R. and Mulcahy I. Lead Contamination in Port 
Pirie// South Australia. – Report. 1988. No.101 Adelaide, SA. 

13- Boyd RS, Martens SN. 1994. Nickel hyperaccumulated 
by Thlaspi montanum var. montanum is acutely toxic to an insect 
herbivore. Oikos 70: 21-25 

14- Brooks R. R., Chambers M. F., Nicks L. J. and Robinson B. H. 
Phytomining// Trends in Plant and Science. 1998. 1: 359-362. 

15- Brooks R.R. In Plants and Chemical Elements: Biochemistry, 
Uptake, Tolerance and Toxicity. (ed. Gargo M E)// VCH 
Verlagsgesellsschaft, Weinheim, Germany. 1994. pp 88-105. 

16- Brooks RR., Morrison RS., Reeves RD., Dudley TR., Akman Y. 
Hyperaccumulation of nickel by Alyssum Linnaeus (Cruciferae)// 
Proc R Soc Lond, B. 1979. 203:387 – 403. 

17- Brown David E. Relict conifer forests and woodlands. In: Brown, 
David E., ed. Biotic communities of the American Southwest—
United States and Mexico// Desert Plants. 1982. 4(1-4): 70-71. 

18- Brown SL., Chaney RL., Angle JS., Baker AJM. Phytoremediation 
potential of Thlaspi caerulescens and bladder campion for zinc- and 
cadmiumcontaminated soil// J Environ Qual 1994. 23:1151 –7. 

19- Burns R. G., Rogers S. and McGhee I. In Contaminants and the Soil 
Environment in the Australia Pacific Region. (ed. Naidu, R., 
Kookana, R. S., Oliver, D. P., Rogers S. and McLaughlin M. J.), – 
Kluwer Academic Publishers, London. 1996. pp. 361-410. 

20- Cairns J. Will the real ecotoxicology please stand up// Environ. 
Toxicol. Chem. 1989. 8: 843- 

21- Chaney R. L. Plant uptake of inorganic waste. In: Land Treatment of 
Hazardous Waste (eds.)// Parr, J. E., Marsh, P. B., and Kla, J. M., 
Noyes Data Corp, Park Ricodge, IL, 1983. 50-76. 

22- Chancy RL, Green CE; Filcheva E, Brown SL. Effect of 
iron, manganese, and zinc enriched biosolids compost on uptake of 



233 
 

cadmium by lettuce from cadmium-contaminated soils. In Sewage 
Sludge// Land Utilization and the Environment, eds CE Clapp, WE 
Larson, RH Dowdy, 1994. pp 205--207 

23- Chaudhry T.M., Hayes W.J., Khan A.G. and Khoo C.S. 
Phytoremediation - focusing on accumulator plants that remediate 
metalcontaminated soils// Austraaslian Journal of Ecotoxicology. 
1998. 4; 37-51. 

24- Chehregani A. Noori M.  Lari Yazdi H. Phytoremediation of heavy-
metal-polluted soils: Screening for new accumulator plants in 
Angouran mine (Iran) and evaluation of removal ability// 
Ecotoxicology and Environmental Safety. 2009. 72 (2009) 1349–
1353 

25- Chen T.B., Wei C.Y., Huang Z.C., Huang Q.F., Lu Q.C., Fan Z.L., 
Arsenic hyperaccumulator Pteris Vittata L. and its arsenic 
accumulation// Chinese Science Bulletin 2002. 47, 902-905. 

26- Chisholm D. Lead, arsenic, and copper content of crops grown on 
lead arsenate treated and untreated soils// Can. J. Plant Sci. 1972. 52, 
583-588. 

27- Clemente R, Walker D. J., Bernal M. P. ‘Uptake of heavy metals 
and As by Brassica juncea grown in a contaminated soil in 
Aznalcollar (Spain): The effect of soil amendments’,Environmental 
pollution. 2005. Vol. 138. pp. 46- 58  

28- Cunningham S. In Proceedings/Abstracts of the Fourteenth Annual 
Symposium// Current Topics in Plant Biochemistry, Physiology, and 
Molecular Biology Columbia; 1995. pp. 47-48 

29- Cunningham S.D. and Ow D.W. Promises and prospects of 
phytoremediation// Plant Physiol. 1996. 110; 715-719. 

30- Cunningham S.D., Huang J.W., Chen J. and Berti W.R.// Abstracts 
of Papers of the American Chemical Society. 1996. 212; pp 87. 

31- Cunningham S. D. and Ow D. W. Promises and prospects of 
phytoremediation// Plant Physiol. 1996. 110: 715-719. 

32- Cunningham S.D., Shann J.R., Crowley D., Anderson T.A. In 
Phytoremediation of Soil and Water Contaminants. (ed. Krueger, 



234 
 

E.L., Anderson, T.A. and Coats, J.P) // American Chemical Society. 
1997. Washington, DC. 

33- Demirak A., Yilmaz F., Tuna A.L. and Ozdemir N. Heavy metals in 
water, sediment and tissues of Leuciscus cephalus from a stream in 
southwestern Turkey// Chemosphere. 2006. 63: 1451-1458. 

34- Dickinson N. M. Strategies for sustainable woodland on cont  
minated soi ls// Chemosphere, 2000. 41(1-2), 259-263 (5 page s). 

35- Duffus J. Environmental toxicology// Edward Arnold publication. 
1980. Ltd.,  
London. pp. 105-. 107. 

36- Dushenkov S., Vasudev D., Kapolnik Y., Gleba D., Fleisher D., 
Ting K. C. and Ensley B. //Environmental Science and Technology. 
1997. 31(12); 3468- 76. 

37- Dushenkov D. Trends in phytoremediation of radionuclides// Plant 
and Soil. 2003. 249; 167-175. 

38- Ermosele C.O., Ermosele I.C., Muktar S.A. and Birdling S.A. 
Metals in fish from the upper Benue River and Lakes Geryo and 
Njuwa in Northern Nigeria// Bulletin of Environmental 
Contamination and Toxicology. 1995. 54:8-14. 

39- Epstein E. Mineral nutrition of plants: principles and perspectives. 
New York: Wiley; 1972. pp. 107–111.  

40- Friedland A.J. The movement of metals through soils and 
ecosystem. In heavy metal tolerance in plants// Evolutionary aspect, 
Ed AJ Shaw. 1990. pp:7-19. CRC Press, Boca Raton, Florida. 

41- Garcia G, Faz A, Cunha M: ‘Performance of Piptatherum miliaceum  
(Smilo grass) in edaphic Pb and Zn phytoremediation over a short 
growth period’// International Bioremediation & Biodegradation. 
2004. 54, 245-250. 

42- Ghosh M. and Singh S.P. A review on phytoremediation of heavy 
metals and utilization of its byproducts// Applied ecology and 
environmental research. 2005. 3(1): 1-18. 

43- Gleba D., Borisjuk N.V., Borisjuk L. G., Kneer R., Poulev A., 
Skarzhinskaya M., Dushenkov S. Logendra S. Gleba Y.Y., Raskin I. 



235 
 

Use of Plant root for phytoremediation and molecular farming// 
Proc. Natl.Acad.Sci, USA. 1999. 96; 5973-5977 

44- Gardea-Torresdey J.L., Peralta-Videa J.R, de la Rosa G., Parsons 
J.G. ‘Phytoremediation of heavy metals and study of the metal 
coordination by X-ray absorption spectroscopy’ //Coordination 
chemistry reviews. 2005. 249, 1797-1810.  

45-  Greger M., Landdberg T. Use of willow in phyt oext racti on// Int. 
J. Phytor emedia t. 1999. 1 (2), 115-123 (9 page s). 

46- Hagemeyer J., Hubner C. Radial distributions of Pb in shoots of 6-
year-old spruce trees (Picea abies (L.) Karst.) grown for 2 years in 
Pb-contaminated soil// Water Air Soil Pollut 1999. 111:215– 24. 

47- Hajiboland R. An evaluation of the efficiency of cultural plants to 
remove heavy metals from growing medium// Plant and soil and 
environment. 2005. 51 (4): 156–164. 

48- Harrison R.M., Laxen D.P.H., Lead Pollution: cause and control// 
Chapman and Hall Publishing. 1981. New York, U.S. pp. 52-57. 

49- Harte J., Holdren C., Schneider R. and Shirley C. Toxics A to Z: A 
Guide to Everyday pollution hazards. University of California press. 
Berkelev. 1991. 303-305, 413-415 

50- Hartman W. J. J. An evaluation of land treatment of municipal 
wastewater and physical setting of facility installations// 
Washington DC, US Department of Army. 1975. 27 pp. 

51- Hasselgren K. Utilisation of sewage sludge in short-rotation energy 
forestry// a pilot study. Waste Manage Res 1999. 17:251– 62. 

52- Heng L.Y., Mokhtar M.B., Rusin S. The bioaccumulation of trace 
essential metals by the freshwater snail, Turritella sp. found the 
rivers of Borneo east Malaysia// Journal of biological sciences. 
2004. 4(4): 441-444. 

53- Henry J. R. In An Overview of Phytoremediation of Lead and 
Mercury// NNEMS Report. Washington, D.C. 2000. pp. 3-9. 

54- Hodgson E. A text book of modern toxicology// Wiley  sons, INC., 
publication. 2004. 463 pp. 



236 
 

55- Hoffman D. J., Rattner B. A., Burton G. A. and Carin J. Handbook 
of Ecotoxicology// Lewise Publishers, U.S.A. 1994. Chapter 16, pp. 
356–391. 

56- Horsfall M., Spiff A. Effect of temperature on the sorption of Pb 2+ 
and Cd 2+ from aqueous solution by caladium bicolor (wild 
cocoyam) biomass// Electron. J. Biotechnol. [online]. 2005. 8(2). 
Available from Internet: 
http://www.ejbiotechnology.info/content/vol8/issue2/4/index.htmlS.
ISSN:0717-3458. 

57- Huang J.W., Chen J., Berti W.R. and Cunningham S.D. 
Phytoremediation of lead-contaminated soils: role of synthetic 
chelates in lead phytoextraction// Environ. Sci. Technol. 1997. 
31:800-805. 

58- Huang J W, Blaylock M J, Kapulnik Y, Ensley B D. in triggering 
uranium hyperaccumulation in plants. Environ Sci Technol. 1998. 
32:2004–2008 

59- Igwe J.C., Abia A.A. A bioseparation process for removing heavy 
metals from waste water using biosorbents// Afr. J. Biotechnol. 
2006. 5, 1167–1179. 

60- Jaja E.T. and Odoemena C.S.I. Effect of Pb, Cu and Fe compounds 
on the germination and early seedling growth of tomato varieties// J. 
Appl. Sci. Environ. Mgt. 2004. Vol. 8 (2) 51 – 53. 

61- Johnson LeRoy C. Cupressus L.  Cypress. In: 
Schopmeyer, C. S., technical coordinator. Seeds of woody plants in 
the United States// Agric. Handb. 450. Washington, DC: U.S. 
Department of Agriculture, Forest Service. 1974: 363-369. 

62- Jonnalagadda S. B., Rao P. V. ‘Toxicity, bioavailability and metal 
speciation’, Comparative biochemistryand physiology, Part C: 
Pharmacology, toxicology, and endocrinology, 1993. 106(3), 585-
595.  

63- Joseph, L.H., Rea, D.K., van der Pluijm, B.A., Gleason, J.D., 2002. 
Antarctic environmental variability since the late Miocene: ODP 
Site 745, the East Kerguelen sediment drift. Earth and Planetary 
Science Letters 201, 127–142. 



237 
 

64- Kabata-Pendias A. and Pendias H. Trace Elements in Soils and 
Plants// CRC Press, Boca Raton. 1984. 315 p. 

65- Kahle H. Response of roots of trees to heavy metals// Environ Exp 
Bot 1993. 33:99–119. 

66- Kochian L. In: International Phytoremediation Conference, 
Southborough, MA, 1996. May 8-10 

67- Kovalevskiy AL. Biogeo chemical exploration for mineral deposits// 
published forthe USDI and the NSF, American publ. 1979. Co.pvt, 
new Delhi, 136. 

68- Kumar P. B. A. N., Dushenkov V., Motto H., Raskin I.// Environ Sci 
Technol. 1995. 29:1232–1238. 

69- Labrecque M., Teodorescu TI., Daigle S. Effect of sludge 
application on early development of two Salix species: productivity 
and heavy metals in plants and soil solutions In: Aronsson P, Perttu 
K, editors. Willow vegetation filters for municipal wastewaters and 
sludges. A biological purification system. Uppsala// Swedish 
University of Agricultural Sciences; 1994.  p. 157 – 65. 

70- Landis W.G. and Yu, M.H. An Introduction to environmental 
toxicology impacts of chemicals upon ecological syshoots// Lewise 
publishers.USA. Boca Raton, FL. 1995. pp 133-156 

71- Langille W.M. and MacLean K.S. Some essential nutrient elements 
in forest plants as related to species, plant part, season and location// 
Plant Soil. 1976. 45: 17-26. 

72- Lepp NW, Eardley GT. Growth and trace metal content of European 
sycamore seedlings grown in soil amended with sewage sludge// J 
Environ Qual 1978. 7:413– 6. 

73- Liu, D. H., Jiang, W.S., Wang W., Zhao F.M. and Lu C. Effects of 
lead on roots growth, cell division and nucleolus of Allium cepa.// 
Environmental Pollution. 1994. 86, 1-4. 

74- Lodeiro P., Cordero B., Barriada J.L., Herrero R. and Sastre de 
Vicente M. E. //Bioresource Technology, 2005. 96: 1796-1803. 

75- Ma L.Q., Komar K.M., Cong T., Zhang W.H., Cai Y., Kennelley 
E.D. A fern that hyperaccumulates arsenic// Nature. 2001. 409, 579. 



238 
 

76- Maclean K.S., Langille W.M. Heavy metal studies of crops and soils 
in Nova Scotia Commun// Soil Sci. Plant Anal. 1973. 4, 495-505. 

77- Mahmood S., Hussain A., Saeed Z., Athar M. Ger mination a nd 
seedling growth of corn (Zea mays l.) under varying levels of copper 
and zinc// Int. J. Environ. Sci. Tech. 2005. 2 (3), 269-274 (6 pages). 

78- Marry RH, Tiller KG, Alston AM. The effects of contamination of 
soil with copper, lead, and arsenic on the growth and composition of 
plants. Effects of season, genotype,soil temperature and fertilizers// 
Plant and Soil, 1986b. 91(5): 115- 128. 

79- McIntyre T. ‘ Phytoremediation of heavy metals from soils’, 
Advances in Biochemical Engineering// Biotechnology. 2003.78, 
97-123. 

80- McNeil K. R. and Waring S. In Contaminated Land Treatment 
Technologies (ed. Rees J. F.)// Society of Chemical Industry. Elsvier 
Applied. Sciences, London.; 1992. pp. 143-159. 

81- Mench M.J., Didier V.L., Loffler M., Gomez A. and Masson P. // J. 
Environ. Qual. 1994. 23; 785-792. 

82- Mikus K.V., Drobne D., Regvar M. ‘ Zn, Cd, and Pb accumulation 
and arbuscular mycorrhizal colonization of pennycress Thlaspi 
praecox Wulf (Brassicaceae) from the vicinity of lead mine and 
smelter in Slovenia’// Environmental Pollution. 2005. 133, 233-242. 

83- Miranda M.G. and Ilangovan K. Uptake of lead by lemnea gibba L.: 
influence on specific growth rate and basic biochemical changes// 
Bulletine of Environmental Contamination and toxicology. 1996. 
56. 1000-1007. 

84- Moriarity F. Ecotoxicology: The study of pollutants in ecosyshoots, 
2nd ed.// Academic Press, San Diego, CA. 1988. 288 p. 

85- Moriarty F. Ecotoxicology- The study of pollutants in ecosystem// 
Academic press Press Inc. London. 1990. 288 p. 

86- Mueller B., Rock S., Gowswami D., Ensley D. Phytoremediation 
Decision Tree// Prepared by - Interstate Technology and Regulatory 
Cooperation Work Group; 1999. pp 1-36 



239 
 

87- Musgrove S. In, Proceedings of the International Conference on 
Land Reclamation, University of Wales// Elsevier Science 
Publication, Essex, U. K. 1991. 

88- Nabulo G., Hannington O.O. and Miriam D. Assessment of lead, 
cadmium, and zinc contamination of roadside soils, surface films, 
and vegetables in Kampala City, Uganda// Environmental Research 
101 2006. 42–52. 

89- Nanda-Kumar P. B. A., Dushenkov V., Motto H. and Raskin I. 
Phytoextraction: The use of plants to remove heavy metals from 
soils// Environmental Science and Technology. 1995. 29: 1232-
1238. 

90- Nemati H., Abdol Amir Bostani A.A., and Sharafi Y. Effects of soil 
lead (Sb) concentration on some qualitative and quantitative 
characteristics of lycopersicum esculentum// International journal of 
Agronomy and Plant Production. 2013. Vol., 4 (3), 438-441  

91- Nies D. H. Microbial heavy metal resistance// Appl. Microbiol. 
Biotecnol. 1999.51: 730-750. 

92- Nriogo J.O. Global inventory of natural and anthropogenic 
emissions of trace metals to the atmosphere// Nature. 1979. 279: 
409-411 

93- Pilon-Smits E. ‘Phytoremediation’// Annual review of Plant 
Biology. 2005.56, 15- 39. 

94- Plummer A. Perry. Revegetation of disturbed 
Intermountain area sites. In: Thames, J. C., ed. Reclamation and use 
of disturbed lands of the Southwest// Tucson, AZ: University of 
Arizona Press: 1977. 302-337.  

95- Pollarrd JA, Baker AJM. Deterrence of herbivory by 
zinc hyperaccumulation in Thlzspi caerulescens (Brassicacea)// New 
Phytol 1997. 135: 655-658 

96- Prasad M.N.V., Freitas H. Feasible biotechnological and 
bioremediation strategies for serpentine soils and mine spoil// 
Electronic Journal of Biotechnology 1999. 2, 36-50. Online Journal 
at website: http://ejb.ucv.cl or http://ejb.org. 



240 
 

97- Pulford  I.D., Watson C. 2003. Phytoremediation of heavy metal-
contaminated land by trees// a review. Environment International 29 
-2003. 529 – 540 

98- Punshon T., Dickinson N.M. The potential of Salix clones for 
bioremediating metal polluted soil. Glimmerveen, I., (Ed.). Heavy 
metals and trees// Proceedings of a discussion meeti ng, Glasgow, 
Edinburgh. 1996. Insti tut e of Chartered Foresters. P. 93- 104 

99- Pierzynski G.M., Sims J.T., Vance G.F. Soil and Enviromental 
Quality// Lewis Publishers. Boca raton, U.S. 1994. pp. 44-46. 

100- Raskin I, Kumar P.B.A.N., Dushenkov S. and Salt D. 
Bioconcentration of heavy metals by plants// Current Opinion 
Biotechnology. 1994. 5; 285-290 

101- Raskin I. and Ensley B. D. 2000. Phytoremediation of 
Toxic Metals: Using Plants to Clean Up the Environment. – John 
Wiley & Sons, Inc., New York.; pp 53- 70. 

102- Ravera O., Beone G.M., Cenci R. and Lodigiani P. Metal 
concentrations in Unio pictorum mancus (Mollusca, 
Lamellibranchia) from of 12 Northern Italian lakes in relation to 
their trophic level// J.Limnol. 2003. 62 (2): 121-138. 

103- Reed D.T., Tasker I.R., Cunnane J.C. and Vandegrift G.F. 
In Environmental Remediation Removing Organic and Metal Ion 
Pollutants. (ed G.F. Vandgrift, D.T. Reed and I.R. Tasker) // Amer 
Chem Soc, Washington DC. 1992; pp. 1-19. 

104- Riddell-Black D.A review of the potential for the use of 
trees in the rehabilitation of contaminated land// WRc Report CO 
3467. Water Research Centre, Medmenham; 1993. P. 145– 51. 

105- Rulkens W.H., Tichy R., and Grotenhuis J.T.C., 
Remediation of polluted soil and sediment: perspectives and failures// 
Water Sci. Technol. 1998. 37: 27-35. 

106- Sadowsky M.J. In Phytoremediation : Past promises and 
future practices. // Proceedings of the 8th International Symposium 
on Microbial Ecology. Halifax, Canada. 1999.; pp. 1-7. 

107- Salt D.E., Blaylock M., Kumar P.B.A.N., Dushenkov V., 
Ensley B.D., Chet I. and Raskin I. Phytoremediation: A novel 



241 
 

strategy for the removal of toxic metals from the environment using 
plants// Biotechnology. 1995.13: 468-475. 

108- Salt D.E., Pickering I.J., Prince R.C., Gleba D., Dushenkov 
S., Smith R.D., Raskin I. Metal accumulation by aquacultured 
seedlings of Indian Mustard// Environ. Sci. Technol. 1997. 31(6): 
1636-1644. 

109- Salt D.E., Smith R.D., Raskin I., Phytoremediation// Ann. 
Rev. Plant Physiol. 1998. 643-668. 

110- Salt D. E, Prince R.C., Pickering I. J. ‘ Chemical speciation 
accumulated metals in plants: evidence from X-ray absorption 
spectroscopy’// icrochemical journal. 2002. 71, 255-259. 

111- Schuurmann G. and Market B. Ecotoxicology 
Ecotoxicology: Ecological Fundamentals, Chemical Exposure and 
Biological Effects.  . John wiley and sons, 1998. Inc. U.S.A 

112- Schwitzguebel, Jean-Paul: ‘Potential of phytoremediation, 
an emerging green technology: European trends and outlook’// 
Proceedings of the Indian National Science-Academy, Part B: 
Biological Science. 2004. 70(1), 131-152. 

113- Sekhar K. C, Kamala C. T, Chary N. S, Balaram V, Garcia 
G: ‘Potential of Hemidesmus indicus for phytoextraction of lead 
from industrially contaminated soils’// Chemosphere. 2005. 58, 507-
514. 

114- Singh R.P., Tripathi R.D., Dabas S., Rizvi S.M.H., Ali 
M.B., Sinha S.K., Gupta D.K., Mishra S. and Rai U.N. Effect of 
lead on growth and nitrate assimilation of Vigna radiata (L.) 
Wilczek seedlings in a salt affected environment// Chemosphere. 
2003. 52:1245–1250. 

115- Shaw I.C. and Chdwick J. Principles of environmental 
toxicology// Taylor publishers. 1998. 216 pp. 

116- Shumaker K.L. and Begonia G. Heavy Metal Uptake, 
Translocation, and Bioaccumulation Studies of Triticum aestivum 
Cultivated in Contaminated Dredged Materials// Int. J. Environ. Res. 
Public Health. 2005. 2(2), 293–298. 



242 
 

117- Smith B. Remediation update funding the remedy// Waste 
Manage. Environ. 1993. 4: 24-30. 

118- Spirochova I. K., Puncocharova J., Kafka Z., Kubal M., 
Soudek P., Vanek T. ‘Accumulation of heavy metals by in vitro 
cultures of plants’, Water, Air, and Soil Pollution// Focus. 2003.3, 
269-276 

119- Vyslouzilova M., Tlustos P., Szakova J. Cadmium and zinc 
phytoextraction potential of seven clones of Salix spp. Plants on 
heavy metal contaminated soil// Plant, Soil Environ. 2003. 49 (12), 
542-547 (6 pages). 

120- Stine K.E. and Brown T.M. Principle of toxicology// 
Lewise publishers.USA.1996. 392 p. 

121- Tanhan P., Kruatrachue M., Pokethitiyook P. and Chaiyarat 
R. Uptake and accumulation of cadmium, lead and zinc by Siam 
weed [Chromolaena odorata (L.) King & Robinson]// 
Chemosphere// Chemosphere. 2007. 96: 323-32 

122- Tomazelli C. Biomonitoring of Pb and Cd in two impacted 
watersheds in southeast Brazil, using the freshwater mussel 
Anodontites trapesialis (Lamarck, 1819) (Bivalvia: Mycetopodidae) 
as a biological monitor// Brazilian archives of biology and 
technology. 2003. vol. 46, n.4: pp. 673-684. 

123- Turner AP, Dickinson NM. Survival of Acer 
pseudoplatanus L. (sycamore) seedlings on metalliferous soils. New 
Phytol 1993;123:509 – 21. 

124- United States Protection Agency Reports.  Introduction to 
Phytoremediation// EPA 2000. 600/R-99/107. 

125- [USEPA] United States Environmental Protection Agency. 
A Citizen's Guide to Phytoremediation// Technology Innovation 
Office. 1998. EPA 542-F-98-0 1 1. Online: http://www.clu-in.com. 
Last Accessed: November 13,2005. 

126- [USEPA].United States Environmental Protection Agency. 
Ambient Water Quality Criteria for Cadmium// U.S. Environmental 
Protection Agency, Office of Water, Office of Science and 
Technology, Washington DC. 2000. 166 p. 



243 
 

127- Krämer U. Phytoremediation: novel approaches to cleaning 
up polluted soils. Current Opinion in Biotechnology from Current 
Opinions in Biotechnology. 2005. 16:133-141. 

128- Utsunamyia T., Japanese Patent Application. 1980. No. 55-
72959. 

129- Van den Broek J.L., Gledhill K.S. and Morgan D.G. Heavy 
metal concentrations in the Mosquito fish, Gambusia holbrooki, in 
the mainly lagoon catchment// In: UTS freshwater ecology, 
department of environmental sciences, university of technology, 
Sydney. 2002. 83-93. 

130- Vassil A.D., Kapulnik Y., Raskin I., Salt D.E. Plant 
Physiol. 1998; 117:447–453.  

131- Vines Robert A. Trees, shrubs, and woody vines of the 
Southwest// Austin, TX: University of Texas Press. 1960. 1104 p. 

132- Wang H.B., Wong M.H., Lan C.Y., Qin Y.R., Shu W.S., 
Chen G.Z., Ye Z.H. Uptake and accumulation of arsenic by 11 
Pteris taxa from southern China. Environmental Pollution 145: 225-
233. 

133- Williams G.M. Land Disposal of Hazardous waste// 
Engineering and Environmental issues. 1988. pp. 37-48. 

134- Williams P.L., James R.C. and Roberts S.M. Principle of 
toxicology, environmental and industrial applications// Wiley  
sons, INC., publication. 2nd Ed. New York: Wiley-Interscience, 
2000. pp. 325-344.  

135- Qi-Tang Wu., Zhaoli Xu., Quingqiang M., Emilie G., Jean-
louis M. ‘Characterization of cadmium desorption in soils and its 
relationship to plant uptake and cadmium leaching’// Plant & Soil 
2004. 258(1), 217-226. 

136- Xiong Z.T. Bioaccumulation and physiological effects of 
excess lead in a roadside pioneer species Sonchus oleraceus L// 
Environ Pollut 1997. 97: 275–279. 

137- Xiong Z.T., Feng T. Enhanced Accumulation of Lead in 
Brassica pekinensis by Soil-Applied Chloride Salts// Bull. Environ. 
Contam. Toxicol. 2001. 67:67–74 



244 
 

138- Xiong Z.T., Zhao F. and Li M.J. Lead Toxicity in Brassica 
pekinensis Rupr: Effect on Nitrate Assimilation and Growth// 
Published online in Wiley InterScience 2005. 21,2,147-153. 
(www.interscience.wiley.com 

139- Zakrzewski S. Principles of environmental toxicology// 
American Chemical Society, Washington, DC. 1991. 22 p. 

140- Zhang H. Personal communication, Soil, Water & Forage 
Analytical Laboratory// Oklahoma State University. 2004. 
Stillwater, OK. 96 p. 

141- Zwieg R.D., Morton J.D. and Stewart M.M. Source Water 
Quality for Aquaculture: A Guide for Assessment// The World 
Bank. Washington D.C. 1999. 72 pp. 

 







Buy your books fast and straightforward online - at one of world’s 

fastest growing online book stores! Environmentally sound due to 

Print-on-Demand technologies.

Buy your books online at

www.get-morebooks.com

Kaufen Sie Ihre Bücher schnell und unkompliziert online – auf einer 

der am schnellsten wachsenden Buchhandelsplattformen weltweit!

Dank Print-On-Demand umwelt- und ressourcenschonend produzi-

ert.

Bücher schneller online kaufen

www.morebooks.de
VDM Verlagsservicegesellschaft mbH

Heinrich-Böcking-Str. 6-8 Telefon: +49 681 3720 174 info@vdm-vsg.de
D - 66121 Saarbrücken Telefax: +49 681 3720 1749 www.vdm-vsg.de




