
INTRODUCTION

Generally, environmental remediation deals 
with the removal of pollution or contaminants from 
environmental media such as soil, groundwater, sed-
iment, or surface water for the general protection of 
human health and the environment. The most com-
mon chemicals involved are lead and other heavy 
metals, pesticides, petroleum hydrocarbons, and sol-
vents. Occurrence of this phenomenon is correlated 
with the degree of industrialization and intensity of 
chemical usage. The threat that heavy metals (such as 
lead) pose to human and animal health is aggravated 
by their long-term persistence in the environment. 
For instance, lead (Pb), one of the more persistent 
metals, has been estimated to have a soil retention 
time of 150 to 5000 years (M a c k , 1995).

Until 1970, there was little widespread aware-
ness of the worldwide scope of soil contamination 
or its health risks. In 1980 the U.S. Comprehensive 
Emergency Response Compensation and Liability 
Act (CERCLA) was passed to establish, for the first 
time, strict rules on legal liability for soil contamina-
tion. This act stimulated identification and cleanup 

of thousands of sites, and encouraged property buy-
ers and sellers to make soil contamination a focal 
issue of land use. It has become standard practice in 
Japan and many parts of the western world.

REMEDIATION TECHNOLOGIES

Remediation technologies are many and varied 
but can be categorized as into ex situ and in situ meth-
ods. Ex situ methods involve excavation of impacted 
soils and subsequent treatment at the surface. In situ 
methods seek to treat the contamination without re-
moving the soils. The more traditional remediation 
approach (used almost exclusively on contaminated 
sites from the 1970s to the 1990s) consists primarily 
of soil excavation and disposal on landfill dumps. 

Phytoremediation, the use of certain plants to 
remove or stabilize harmful contaminants or to pre-
vent soil erosion, is a relatively new technology that 
can be applied to large areas to remove heavy metals, 
in particular lead, from contaminated sites (soil or 
water) and to degrade or eliminate pesticides, sol-
vents, explosives, crude oil and its derivatives, and 
various other contaminants from the media that 
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contain them. Some extracted metals can be recycled 
for profit. It is clean, efficient, inexpensive, and envi-
ronmentally non-disruptive, as opposed to process-
es that require excavation of soil. Phytoremediation 
processes include phytoextraction, rhyzofiltration, 
phytostabilization, phytovolatilization, and phy-
totransformation. There are different versions of 
phytoextraction: natural hyperaccumulation, where 
certain plants naturally take up the contaminants in 
soil unassisted, at levels that would be toxic to many 
other plants (> 0.1 – 1.5 ppm Pb/g dry weight); and 
induced or assisted hyperaccumulation, in which a 
conditioning fluid containing a chelator or another 
agent is added to soil to increase metal solubility 
or mobilization, so that the plants can absorb them 
more easily (b a k e r  and b r o o k s , 1989).

LEAD UPTAKE, TOLERANCE, AND 
ACCUMULATION bY THE PLANTS

URTICA DIOICA AND SEDUM SPECTABILE

Lead is a natural constituent of the Earth’s litho-
sphere. It is released into the soil and water through 
weathering of bedrock (M a c k , 1995). In contrast to 
toxic organics and inorganics, which in many cases 
can be degraded, metallic species released into the 
environment tend to persist indefinitely, accumulat-
ing in living tissues throughout the food chain. Metal 
pollutants such as lead, arsenic, cadmium, mercury, 
copper, chromium, and zinc cannot be broken down 
to non-toxic forms. Once a site is suspected of being 
contaminated, there is a need to assess the contami-
nation.

The general purpose of this research was to 
develop better phytoremediation techniques by 
identifying suitable crop and plant species that show 
the ability to accumulate lead while producing large 
amounts of biomass when grown using established 
agricultural practices. 

MATERIALS AND METHODS

Specifically, the objectives of the experiments 
were to: (a) identify outdoor-grown Sedum spectabile 
and Urtica dioica, plants that in pot studies demon-
strate vigorous growth in actual lead-contaminated 
soils; and (b) select those plants which take up high 

levels of lead or which translocate lead to above-
ground portions of the plant without the addition 
of any chelating compound (EDTA, HEDTA) to 
enhance lead uptake by increasing metal solubility 
or mobilization, so that the plants can absorb them 
more easily. Urtica dioica and Sedum spectabile were 
chosen as model plants because of their common 
presence throughout the tested area.

The research was done using vegetative planting 
materials of Sedum spectabile and Urtica dioica col-
lected from plants growing at sites known to be not 
contaminated with Pb. 

Some vegetating plants of Sedum spectabile and 
Urtica dioica growing at such sites were transplanted 
in the same uncontaminated soil as control plants.

The battery industry is the largest consumer 
of lead and the chief source of lead in the environ-
ment. Samples of Pb-contaminated soil were taken 
around the premises of battery manufacturers and 
recyclers, where the amount of lead available to 
plants should be different from that of normal soil, 
in order to evaluate the ability of Sedum spectabile 
and Urtica dioica to tolerate and accumulate toxic 
levels of lead. 

Plants of Sedum spectabile and Urtica dioica were 
transplanted in pots containing Pb-contaminated 
soil three times per growing season, each experiment 
lasting from two to three weeks (Fig. 1). Any metal 
toxicity symptoms (e.g., yellowing, stunting) exhib-
ited by the plants were visually noted during the 
experimental period. Two to three weeks after the 
initial lead treatment, all plants were harvested. The 
leaves, stems, and roots of Urtica dioica and Sedum 

Fig. 1. Plants of U. dioica and S. spectabile growing in pots con-
taining Pb-contaminated soil.
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spectabile were digested and processed by atomic 
absorption spectroscopy (AAS). The lead content of 
each tissue was determined using described nitric 
acid-hydrogen peroxide procedures (USEPA, 1990) 
with slight modifications, and expressed as µgs of 
lead/g of dry weight of plant tissue.

RESULTS AND DISCUSSION

The main goal of in situ remediation techniques 
is to reduce the fraction of toxic elements that is 
potentially mobile or bioavailable. Soluble contami-
nants are subject to migration with soil water, uptake 
by plants or aquatic organisms, or loss due to volatil-
ization into the atmosphere. bioavailability refers to 
the fraction of a contaminant that can be taken into 
any biological entity, be it plant, earthworm, or hu-
man. Successful implementation of phytoextraction 
depends on the following: identification of suitable 
plants; bioavailability of the contaminant in the en-
vironmental matrix; root uptake; internal transloca-
tion of the plant; and plant tolerance. Plant produc-
tivity (i.e., the amount of dry matter that is harvest-
able each season) and the accumulation factor (the 
ratio of metal in plant tissue to that in the soil) are 
important design parameters (b l a y l o c k , 2000).

In our research, plants were transplanted in Pb 
– contaminated soils without the use of chelators 
(EDTA; HEDTA, S, or citric acid) because the addi-
tion of chelating agents to such soils increase Pb 
solubility and mobility within plants and involves 
the additional risk of leaching of Pb chelates into the 
soil (b l a y l o c k  et al., 1997; b o w m a n  et al., 2005; 
S u n  et al., 2001).

Permissible Exposure Limits (PEL) of lead  for 
plants, toxic levels, and critical concentration: 

- A concentration of 1 mg/l lead harms plants.

- The critical concentration of lead for plants is 
10 µg/g dry weight.

- A level of 20 µg/g dry weight of lead is toxic 
for plants.

- The PEL of lead for soil is 100 mg/kg.

- The normal level of lead for most plants is 0.1 

do 1.5 ppm/g dry weight.

Analysis of lead concentration in the control 
soils with plants of Sedum spectabile and Urtica dio-
ica showed low natural Pb concentrations, which are 
presented in Fig. 2. It was very important to identify 
natural concentrations of lead in the control soils in 
order to demonstrate that higher levels of lead in the 
experimental plants came from contaminated soil, 
not from soils where the plants were grown.  

Figure 3 presents the natural concentration of 
lead in control plants of Urtica dioica grown in un-
contaminated soil. The content of lead in vegetative 
plant material was lower in control plants of Sedum 
spectabile than in control plants of Urtica dioica. 

Our experimental research indicated that the 
levels of lead (Pb) in Sedum spectabile and Urtica 
dioica are about 100 or more time higher than those 

Fig. 2. Natural concentration of lead in uncontaminated soils 
where the control plants were grown..

Fig. 3. Concentration of lead in vegetative plant material of 
Urtica dioica plants grown in uncontaminated soil (control 
plants).
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of non-accumulator plants, these plants having been 
shown in the past to possess a high natural potential 
for hyperaccumulation and hypertolerance of lead 
(Pb) because they can hyperaccumulate it without 
the addition of any chelating compounds (EDTA, 
HEDTA) to enhance lead uptake (S h a w, 1990). A 
natural metal hyperaccumulator phenotype is much 
more important than a high yield potential when us-
ing plants to remove metals from contaminated soils. 
The results are presented in Figs. 6, 7, and 9. 

Our studies showed that Urtica dioica was rela-
tively sensitive to higher concentrations of lead 
(10500 µg/g of dry weight) (Fig. 6), but was not 
inhibited by lower concentrations (Fig. 7). This 
means that adsorption of lead by Urtica dioica was 
limited and may reach a maximum (10500 µg/g 
of dry weight). because its lead tolerance was not 
infinite, high lead concentrations would harm the 
plant. 

Sedum spectabile was shown to be a less effec-
tive natural hypeaccumulator (110-840 µg/g of 
dry weight), but a naturally hypertolerant species, 

Fig. 4. Lead concentration of 10500 µg/g of dry weight harmed 
U. dioica.

Fig. 5. Lead concentration lower than 10500 µg/g of dry weight) 
did not harm U. dioica.

Fig. 6. Efficacy of lead phytoextraction by Sedum spectabile and 
Urtica dioica after three weeks (experiment conducted in June).

Fig. 7. Efficacy of phytoextraction by Sedum spectabile and Ur-
tica dioica after two weeks (experiment conducted in August). 
U0-Natural concentration in control U. dioica; U1- concentra-
tion of lead in experimental U. dioica; S1- concentration of lead 
in experimental S. spectabile.

Fig. 8. S. spectabile and its infinite lead tolerance.
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since its lead tolerance was infinite and high lead 
concentrations did not harm the plant (Fig. 8). 
Hypertolerance of metals is a key plant characteristic 
required for hyperaccumulation; vacuolar compart-
mentalization appears to be the source of hypertol-
erance in natural hyperaccumulators (b a k e r  and 
Wa l k e r , 1990). The results indicated that Sedum 
spectabile developed a good natural mechanism of 
tolerance and reduction of lead uptake, which means 
that the root of Sedum spectabile is an excellent bar-
rier to translocation of lead to the shoots. The dis-
covery that Sedum is a naturally hypertolerant plant 
has great practical importance because low tolerance 
to higher concentrations of lead harmed or killed 
fast-growing plants that are able to accumulate toxic 
concentrations of metals such as Pb, and Cd. Its low 
sensitivity to Pb toxicity makes Sedum spectabile a 
very promising plant for the phytoremediation of 
Pb-contaminated sites. 

Testing of phytoextraction of lead by Sedum spec-
tabile and Urtica dioica  after three weeks showed 
that the concentration of lead in the root is lower 
than in the shoots (Fig. 6). However, testing of it after 
two weeks indicated that the concentration of lead in 
the root is higher than in the shoots (Fig. 7). These 
results suggest that the rate of Pb uptake by the root 
decreased and the rate of translocation to the shoots 
increased as a function of exposure time (J o n e s  et 
al., 1973).

Our results demonstrated that Sedum spectabile 
and Urtica dioica accumulated lead, but exhibited 
different tolerance of lead taken up from solid media 
(Pb-contaminated soil around the premises of bat-

tery manufacturers and recyclers). These results 
showed that Sedum spectabile and Urtica dioica are 
able to reduce the heavy metal content in soil to low 
levels, without any additives to enhance lead uptake. 
The results are presented in Fig. 9. 

Of the two species evaluated, Urtica dioica is the 
more suitable species for phytoextraction of lead 
from samples of Pb-contaminated soil (Pb-contami-
nated soil around the premises of battery manufac-
turers and recyclers). The different responses of 
various species to lead suggest that the phytotoxic 
mechanisms of lead involve different biochemical 
pathways in different plant species. The exact nature 
of these mechanisms was not investigated in this 
study.

Urtica dioica and Sedum spectabile have good 
biomass, are easy to breed using current crop pro-
duction and management practices, and are not 
aggressive plants, characteristics that make them 
suitable for phytoextraction. The whole plant bio-
mass of Sedum spectabile and Urtica dioica must 
be harvested before flowering to protect against 
dissemination of lead by pollen and because some 
animals obtain food (nectar, pollen, or fruit pulp) 
from the plants after flowering. 

PHYTOREMEDIATION:
FROM LAbORATORY INTO THE FIELD

These results do not reflect field fluctuations 
in soil moisture and nutrient levels, or competition 
from other species growing at the lead-contami-
nated site. Other arrangements are therefore recom-
mended for future tests. The actual effectiveness of 
Urtica dioica and Sedum spectabile for cleaning up 
Pb-contaminated fields can be determined more 
precisely by further evaluation of their growth, 
tolerance, and metal uptake. This can be done by 
quantifying lead levels in soils and plants before and 
after harvest. Further research is needed to under-
stand cellular mechanisms of contaminant transport 
in plants and the physiology of contaminant uptake, 
translocation, and accumulation. both fundamental 
and empirical studies will contribute to our under-
standing of these processes (M a l o n e  et al., 1973). 

Fig. 9. Reduction of initial lead content in the experimental soil 
after phytoextraction  by Sedum spectabile and Urtica dioica (ex-
periment conducted in October).
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CONCLUSIONS

Urtica dioica and  Sedum spectabile, without any 
additives such as chelating agents (EDTA, HEDTA), 
are able to accumulate, tolerate, and to some extent 
translocate Pb ions from contaminated soil and can 
be considered as natural hyperaccumulators of lead 
and species hypertolerant of lead toxicity. If in fur-
ther studies Urtica dioica and Sedum spectabile prove 
capable of hyperaccumulating Pb from Pb-contami-
nated fields, they could become a valuable tool for 
the phytoremediation of Pb-contaminated sites. 
Methods designed to recover inorganic elements 
using plants and phytoextraction are in the develop-
mental stage, and the technology of phytoremedia-
tion is, for the most part, still a concept. Research in 
phytoremediation could benefit mankind by helping 
to increase land productivity by making more land 
arable to feed a rapidly increasing population in the 
world (M o f f a t , 1995).
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апсорпција, толеранција и акумулација  олова биљкама SEDUM SPECTABILE и 
URTICA DIOICA без додатака у контаминирано земљиште
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По први пут, изабране биљке Urtica dioica и 
Sedum  spectabile одгајане на Pb-незагађеном земљи-
шту су тестиране у лабораторијским условима, заса-
ђене у Pb-контаминираном  земљишту са тачно 
одређених Pb-загађених локалитета, са циљем да 
се одреде њихови природни потенцијали на хипе-
ракумулацију и хипертолеранцију, што подразуме-
ва недодавање хелата (EDTA, HEDTA) у загађено 
земљиште. укупан садржај Pb у биљкама је одређи-
ван атомском спектроскопијом. наша истражива-

ња су показала: да је токсична концентрација олова 
у Urtica dioica и Sedum spectabile стотину и више 
пута већа него код не-акумулаторних биљака, па су 
ове биљке показале природна хипер-акумулаторна 
и хипер-толерантна својства, јер су акумулирале 
велике количине Pb без икаквих додатака - хелацио-
них једињења (EDTA, HEDTA), за повећање преузи-
мања олова из земљишта. ова открића потврђују 
да се такве биљке могу успешно употребити у фито-
ремедијацији Pb-загађеног земљишта.


