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a  b  s  t  r  a  c  t

The  ability  of  Arundo  donax  against  chromium  pollution  was  tested.  A. donax  plants  were  grown  under
greenhouse  conditions  in  nutrient  solution  having  Cr (0, 50, 100,  200,  400,  600,  and  900  �g L−1)  for  three
weeks.  Shoots  and  roots  dry matter  production,  growth  parameters,  plant  physiological  and  morpho-
logical  characters  were  measured.  The  maximum  Cr  content  in  roots  was  206.33  �g g−1.  Likewise,  Cr
concentration  in  stem  was  262.6  �g g−1 at 900  �g L−1 supplied  Cr.  In case  of  leaves,  the  maximum  Cr
eywords:
ioaccumulation
ioremediation
hromium pollution
r-contaminated waters

concentration  was  206.33  �g  g−1 at 900  �g L−1 supplied  Cr. The  IC50 values  of antioxidants  using  ABTS
and DPHH  standards  showed  that  both  time  and  increasing  Cr concentrations  affected  the  production
of  antioxidants  indicated  by  lower  IC50 value  on  21st  day.  A. donax  may  be used  in remediation  of  Cr
contaminated  wastewaters.

© 2012 Elsevier B.V. All rights reserved.
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. Introduction

Heavy metals (HMs) are among the major environmental con-
aminants which pose a severe threat to human and animal health
y their long-term persistence in the environment (Halim et al.,
003). People can be exposed to chromium through breathing,
ating or drinking and through skin contact with chromium or
hromium compounds. Chromium (VI) is dangerous to human
ealth, mainly for people who work in the steel, leather and tex-
ile industry. Chromium (VI) is known to cause various health
ffects such as skin rashes, upset stomachs and ulcers, respiratory
roblems, weakened immune system, kidney and liver damage,
utations, lung cancer and even death.
Phytoremediation, is a growing field of research in environ-

ental studies because of the advantages of its environmental
riendliness, cost effectiveness, and the possibility of harvesting
he plants for the extraction of absorbed contaminants that cannot
e easily biodegraded for recycling among others (Malik, 2007).

he use of low cost, fast growing indigenous plants with efficient
iomass producing plant species such as Arundo donax is highly
esirable for phytoremediation of metal contaminated sites and

∗ Corresponding author. Tel.: +92 992 383591 6x312; fax: +92 992 383441.
E-mail address: mahmoodzju@gmail.com (Q. Mahmood).
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aters. It is cultivable throughout Asia, Southern Europe, North
frica, and the Middle East for thousands of years with local names
f “Nurr”, “Nurru” or “Nurro” (Susarla et al., 2002; Mirza et al.,
010, 2011; Dhir and Srivastava, 2011). It is considered as one of
he most biologically productive of all communities. This research
ork was carried out in order to assess phytoremediation poten-

ial of A. donax for chromium contamination and to investigate the
orphological and physiological responses of the plant to various

hromium treatments.

. Materials and methods

.1. Plant collection

The plant material used for the present study was A. donax
. which was collected from near PMA  road Abbottabad, Khyber
akhtunkhwa, Pakistan. The soil-grown plants used for hydropon-
cs tests were taken from growth of young meristematic buds
rown in sterile aqueous medium (Mirza et al., 2010).

.2. Experimental design
The experiments were laid out in randomized complete block
esign (RCBD) with three replications for plants grown in hydro-
onics. The average fresh weight of 250 g of the plant (A. donax)

dx.doi.org/10.1016/j.ecoleng.2012.02.019
http://www.sciencedirect.com/science/journal/09258574
http://www.elsevier.com/locate/ecoleng
mailto:mahmoodzju@gmail.com
dx.doi.org/10.1016/j.ecoleng.2012.02.019
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the values of BF and TF were in the range of 2.0–4.0, respectively, for
various Cr treatments. The highest estimated values were TF = 4.05
and BF = 2.99 for the Cr treatment of 100 �g L−1. Both factors were
above the reference value (1.0) for hyper-accumulation.
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as taken and planted in the pots. On the average, each pot had
 ± 1 plants with 115 ± 39 leaves, 30 ± 8 nodes and 12 ± 3 tillers.
reatments in triplicates included 0, 50, 100, 200, 400, 600 and
00 �g L−1 Cr given in the Hoagland’s solution under controlled
nvironment. All the chemicals were of analytical grade and were
urchased from Merck (Darmstadt, Germany).

.3. Anti-oxidant activity

To determine antioxidant activity another parallel set of exper-
ments was conducted. In that experiment four replicates each
f 250 g against each treatment were planted in a pot. Each pot
as given Hoagland’s solution and the respective treatment of

hromium mentioned above. After each week, one set was taken
ut and new leaves were counted. These plants were placed outside
or shade drying.

All the plants were ground to get the uniform size and dipped in
ethanol for 4–5 days. The plant extract was filtered and methanol
as recovered by passing it through rotary evaporator. The thick

eft over extract was taken out in Petri dishes and placed in fume
ood. The thick jelly-like extract was further analyzed. DPPH rad-

cal scavenging activity of crude extract and various fractions was
stimated by standard DPPH assay protocol (Blios, 1958). Total
ntioxidant activity was  evaluated applying an improved ABTS rad-
cal cation decolorization assay by Re et al. (1999).

.4. Bioaccumulation factors and analytical procedures

The phytoextraction ability of A. donax plants was  assessed using
oth the translocation factor (TF) and the bioaccumulation factor
BF) according to Mirza et al. (2010).

The harvested plants were separated into stems, leaves, and
ranches; and the fresh weight was recorded. For dry weight deter-
ination, plant material was oven-dried at 70 ◦C for 24 h. Then
eighed and ground with pestle and mortar, and passed through

.1 mm nylon sieve. Plant samples were digested through wet
igestion for metals determination using the HNO3/HClO4. The
igested material was analyzed for Cr content through Perkin-
lmer Atomic Absorption Spectrometer-700. All determinations
ere performed in triplicate and mean values are presented in the

esults. Statistical comparisons of the mean values were performed
y analysis of variance (ANOVA), followed by Duncan’s multiple
ange test (p < 0.05), using SAS 8.3 software (SAS Ins. Inc., Cary, USA).
sing computer program Sigma PlotTM v.10 carried out graphical
ork.

. Results and discussion

In roots the chromium uptake linearly increased with increas-
ng supplied chromium concentration. It was shown that root

etal contents at various supplied chromium concentrations sig-
ificantly (p < 0.05) differed within the treatments. For stem, the
aximum chromium uptake occurred at 900 �g L−1 which was

62.8 �g g−1. Accumulation of chromium in different plant parts
s depicted in Fig. 1.

The stem chromium concentration at 900 �g L−1 was signifi-
antly (p < 0.05) different from rest of the treatments except for
00 �g L−1 where it was 147.0 �g g−1 (Fig. 1). For leaf chromium
ontent, the maximum uptake occurred at 900 �g L−1 which was

06.33 �g g−1 and was significantly (p < 0.05) different from all
ther treatments. Overall, results showed that the accumula-
ion pattern of chromium in various plant organs was as under:
oot > stem > leaf (Fig. 1).

F
c

ig. 1. The accumulation of chromium in various plant parts in hydroponics exper-
ment.

.1. Effects of chromium on photosynthetic pigments

The chlorophyll A content was the maximum at chromium
oncentrations of 200 �g L−1 which was  significantly (p < 0.05)
ifferent from the maximum supplied chromium content. The
aximum chlorophyll A content was  observed to be 1.893 mg  g−1

eaves at 200 �g L−1 supplied chromium. The amount of chloro-
hyll A was  significantly (p < 0.05) different from other treatments.
he chlorophyll B was depicting a different trend as compared
o the amount of chlorophyll A. The chlorophyll B content was
he maximum (1.187 mg  g−1) at 200 �g L−1 supplied chromium.
s far as carotene content was concerned, amount was  the maxi-
um  (1.56 mg  g−1) at 100 �g L−1. Further increase in the supplied

hromium caused a significant (p < 0.05) decrease in carotene con-
ent.

.2. Effect of chromium on bioaccumulation and translocation
actors in hydroponics

Both bioaccumulation and translocation factors are presented
n Fig. 2. The translocation and bioaccumulation factors increased
s a function of Cr concentration in the nutrient solution. Overall,
Chromium conc ent rations  (µg L
-1

)

ig. 2. Relative translocation and bioaccumulation factors at various supplied
hromium concentrations.
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ig. 3. The effect of chromium concentrations on the IC50 values against antioxidant
ctivity of ABTS radicals.

.3. Antioxidant tests

The present study involved the determination of most com-
only used organic radicals for the evaluation of antioxidant

fficiency of complex mixtures which are the radical cation derived
rom 2,2′-azinobis-3-ethyl-benzothiazoline-6-sulfonic acid (ABTS)
nd 2,2-diphenyl-1-picrylhydrazyl free radical (DPPH). These rad-
cal cations could be generated by enzymatic, chemical, and
lectrochemical means. IC50 values were calculated based on
arious determinations of these antioxidants by supposing that
educed IC50 values would indicate a greater oxidative stress in
he plant caused by absorbed metal content (Figs. 3 and 4).

The IC50 values of ABTS showed that both the time and increas-
ng Cr concentrations strongly inhibited the production of ABTS
Fig. 3) which was indicated by lower IC50 value on 21st day. A
imilar trend was obvious for DPPH up to 200 �g L−1 supplied Cr
Fig. 4). However, a relative increase in IC50 was observed at higher
upplied Cr contents (>200 �g L−1) showing that the concentration
f these antioxidants might be greater with increasingly higher Cr
xposure.

The potential of A. donax to serve as a phytoremediation plant
s dependent on the condition that it meets the general char-
cteristics of phytoremediation plants. Overall, the values of BF

nd TF were in the range of 2.0–4.0, respectively, for various Cr
reatments. Both factors were above the reference value (1.0) for
yper-accumulation.
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A plant is a hyper accumulator, if it meets the following criteria:

. Concentrations of heavy metals in plant shoots should reach
hyper accumulating level, which is different for different heavy
metals e.g., it is more than 1000 mg  kg−1 for Pb and Cu (Baker
and Walker, 1989; Brown et al., 1994), for As (Ma  et al., 2001),
for Ni and Co (Brooks, 1998) and for Cr (Lombi et al., 2001), and
more than 10,000 mg  kg−1 for Zn (Brown et al., 1994).

. Concentrations of heavy metals in shoots should be 10–500
times greater than those in normal plant (Shen and Liu, 1998).

. HM concentration in shoots should be invariably greater than in
roots (Brown et al., 1994).

. An enrichment coefficient (the ratio of metal concentration in
shoot to that in soil) should be greater than one (Brown et al.,
1994).

ATPases are involved in the overall metal-ion homeostasis and
olerance in plants (Williams et al., 2000). Once the metal ions have
ntered the roots, they can either be stored in the root or forwarded
o the shoot, primarily through the xylem. The rate of metal translo-
ation to the shoot may  depend on metal concentration in the root
Prezemeck and Haase, 1991) suggested a phytochelatin-mediated

etal binding in the xylem sap as a possible mechanism for metal
ranslocation. Low molecular weight chelators such as citrate (Lee
t al., 1977) and free histidine as in Alyssum lesbiacum (Kramer
t al., 1996) were associated with this process. Other chelating com-
ounds like malate, citrate, and histidine may  also have a role in
he metal-ion-mobility in plants (Von Wiren et al., 1999).

Plant tolerance to a particular metal is governed by an inter-
elated network of physiological and molecular mechanisms, to be
nderstood essentially for developing plants suitable for phytore-
ediation of the contaminated sites (Singh et al., 2003).
Modification or over expression of enzymes involved in the syn-

hesis of GSH and PCs might be a good approach to enhance the
M tolerance and consequently the phytoremediation potential

n plants. Glutathione is also a precursor of phytochelatins, low
olecular mass peptides produced by plants to immobilize heavy
etals. The protection against oxidative stress by scavenging ROS  is
ediated by components of enzymatic and non-enzymatic antiox-

dant system of ascorbate–glutathione pathway (Mahmood et al.,
010).

. Conclusions

Root metal contents at various supplied chromium concentra-
ions significantly differed within the treatments. For stem, the

aximum chromium accumulation occurred at 900 �g L−1 which
as 262.8 �g g−1 while the maximum accumulation in leaf was

06.33 �g L−1 at same supplied Cr. In general, the amounts of these
igments increased with the increasing Cr content in the growth
edium. The use of A. donax for the treatment of moderately Cr con-

aminated environments (up to 500 �g L−1) may  be a cost efficient
iotechnology.
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