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Abstract

The potential ofAmaranthus caudatus as a phytoremediating agent was studied, usird)dp&ked soil to grow
the plants. The effect of the concentration of leaglant growth was studied. The main aim of tiuelys was to
assess the accumulation of lead (Pb) in differembpgartments of the plant. The plants were growsdils
treated with solutions corresponding to 25, 50ai8 100 ppm of Pb. The plants were than separatedaots,
stems and leaves and dried al®@n a convection oven for 48 hours.The metals fthenplant were extracted
using wet digestion process. Pearson’s coeffic@mtelation analysis was used to measure the oaktiip
between Pb concentration in the soil and in plessues. The highest concentration was recordeleimdots of
plants at 50 ppm concentratioh. Caudatus plants exposed to 25 ppm of Pb showed highestasera root and
stem growth. The lowest root growth was observeglamts exposed to 100 ppm of Pb. There is a nagati
relationship between the concentration of Pb insthikand that in the above ground plant tissues.
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1. Introduction

The increasing urbanization coupled with the exptiaégrowth of human population over the past 8arg
have resulted in environmental build-up of wastedpcts, of which heavy metals are of particularceon.
Lead(Pb) is an important heavy metal posing threasnvironmental quality and human health, becéuse
being used for a wide range of industrial, urbard agricultural applications (Appel and Ma, 2002).
Conventional methods applied to clean up Pb froenghvironment are mostly expensive and in somescase
harmful to the environment (Opeddtial; 2005).

Phytoremediation is the use of plants to clean upoatamination from soils, sediments or water. This
technology is environmental friendly and cost difex (Tangahuet al; 2011). Successful phytoremediation
require plants that are capable of producing higimhass, while accumulating large amounts of heaeyata
(Tu et al; 2002). Vegetables of the family Amaranthaceaeshaen found to absorb Pb from the soil (Y uetuf
al; 2002, Opeolet al., 2005 and Mellem, 2008).

Amaranthus caudatus, is a popular edible plant in Nigeria with hightritional value (Odegba and Sadiq, 2002).
This plant was chosen because it was widely cu#tvall year round and can attain maturity withimumber of
days. The aim of the study is to assess the acatimulof Pb in different compartments of the platnd to
examine the effect of Pb concentration on the gnaftthe plant.

2. Methodology

2.1 Growing A. caudatus plants

The inflorescences of A. caudatus were collectethfa vegetable garden in Kano. The seeds were evarvd
stored in plastic bottles. The seeds were allowagetminate for one week in potting soil. The soilected had
a loam texture, with the following physico — cheatiparameters; pH 7.07, moisture contents 16% Biotas
125 ppm, Phosphorus 92 ppm, Calcium 1290 ppm, Magme760 ppm, Sodium 102 ppm, Lead 12ppm.
Twenty uniform seedlings all having reached a % $&&ge in growth were planted at uniform distarmgsrt in
pots and placed in a green house.

2.2 In vitro metal exposure

Lead nitrate [Pb (Ngl,)] was used to prepare solution that was used it@ Jpreat) the soil, for the culture
experiments. Soil treated with solutions correspogpdo 25, 50, 75 and 100 ppm of Pb was prepared A
twenty seedlings were transplanted on separategmutsan untreated pot was used as a control. Tisewmre
placed in trays to prevent any leachate from bkiety (Giordankt al., 2005)
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2.3 Metal analysis

Three plants from each treatment were harvested ftlays without damaging the roots and revisetisitiled
water. The plants were than separated into rotem)ssand leaves and dried al®0n a convection oven for 48
hours.

The metals from the plant were extracted usingdigestion process described by Wahgl., (1999).

2.4 Data Analysis

Pearson’s coefficient correlation analysis was useaheasure the relationship between Pb concemtrati the
soil and in plant tissues.

3. Resultsand discussion
The growth response @, caudatus, at five leaf stage is presented in fig. 1 and2 concentration of Pb in
plant parts ranged from 2ppm to 172ppm (Table 1).
The highest concentration was recorded in the robfgdants at 50 ppm concentration. The concewimatvas
generally higher in roots than in other parts &f piant. This is possibly because of low transiocafrom roots
to shoots. Results from studies with other speeiss revealed similar pattern. Malkowsdti al., (2002)
observed same in maize. A few plant species haga eported to accumulate Pb to high concentrafiotise
aerial parts. These plants are called hyperaccuaral@arvis and Leung, 2002).
The highest bioaccumulation factor was recordeghlamts exposed to 50 ppm concentration of Pb. ¥ wa
therefore evident from the results that the abitifythe plant to take up Pb from the soil optimablyonly
possible at 50 ppm, which has a bioconcentratiotofaof 2.6.
Plants exposed to 100 ppm of Pb showed higheseotration in leaves relative to other concentraidrhis is
because plants have limited ability to transportt®taerial parts. Similar results were observedrtiraspi
rotundifolium andThlaspi caerulescens by Reeves and Brooks, (1983).
A. Caudatus plants exposed to 25 ppm of Pb showed highestasera root and stem growth. This is because at
higher doses of Pb, growth rate of plants is slowéts finding is similar to the observation madeHKibria et
al., (2010) and Kopittkeet al., (2007). Nehnevajova (2005) reported reductiom iy weight of cowpea and
sunflower respectively with increase in dose of Pb.
The lowest root growth was observed in plants eegds 100 ppm of Pb. This is probably because Huges
of Pb might inhibit growth in plants. In a similstudy onA. dubius it was observed that plants exposed to Pb at
25 and 75 ppm showed uniform growth rate and diightver growth rate at 100 pmm (Mellem, 2008).
There is a negative relationship between the cdration of Pb in the soil and that in the stem demves.
However the relationship with the roots is positf¥able 2).

References

Appel C. and Ma, L. (2002). Heavy metals in theiemment concentration, pH and surface charge tffen
Cd and Pb sorption in three tropical sgdsrnal of environmental Quality (JEQ) vol. 21: 154 — 155.

Giordani, C; Cecchi, S. and Zanchi, C. (2005) ptemeediation of soil polluted by Nicked using Agticwal
crops.Environmental Management, 36: 675 — 681.

Jarvis, M. D and Leung, D. W. M. (2002) Chelatedddransport irPinus radiata: an ultrastructural study.
Environ. Explor. B. F., 48: 25 — 32.

Kopittke, P.M; Asher, C. J., Kopittke, R. A. andekkies, N.W (2007). Toxic effects of Pon growth of
cowpea Yigna unguiculata). Environ. Pollut. 150: 250 — 287.

Kibria, M. G; Osman, K.T., Islam, M; and Ahmammadi, J. (2010). Effect of Applied Lead on the grovethd
Accumulatin of Lead in Indian Spinach in three teat groups of soilsThe Chittagong University. J.B.
Sci; Vol. 5 (1 &2): 113 — 124.

Malkowski, E; Kita, A., Galas, W., Karez, W. and iarburg, J. M. (2002). Lead distribution in cormediéngs
(Zeamays L.) and its calciumPlant Growth Regul. 37: 69 — 76.

Mellem, J. J. (2008). Phytoremediation of Heavy atsetusing Amarantus dubius. M. Sc. thesis Durban
University of Technology, Durban, South Africa. 7&8.

Nehnevajova, E (2005). Non GMO Approach for thernowements of heavy metal accumulation and extractio
of high yielding crop species for efficient phytémiction of contaminated soil. Ph.D. thesis. Schafol
Architecture, Civil and Environmental Engineeringwiss Federal Institute of Technology Lausanne
(EPFL).

Odegha, V.J and Sadiq A.O. (2002). Effect of sperdine oil on the growth parameters, chlorophyll an
protein level ofAmaranthus hybridus. The Enviromentalist, 22:23-28.

Opeolu, B.O., Bamgbose, O., Arowolo, T. A. and Kad. J. (2005). Phyto-remediation of Lead-contzated
soil using Amaranthus cruentus. Paper presented at the farm management Asswotiafi Nigeria
conference, Asaba, Nigeria. October 18 — 20.

122



Journal of Environment and Earth Science

www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) iy
Vol.4, No.10, 2014 NSTE

Reeves, R. D. and Brooks, R. R. (1983). Europeanisp ofThlaspi L. (craciferea) as indicators of nickel, and
zinc.J. Geochem. Explor., 18: 275 — 283.
Tangahu, B. U; Abdullah, S.R.S; Basri, H., Idris,,Mnuar, N and Mukhsin, M (2011) A Review on Heavy

metals (As Pb, and Hg) uptake by plants throughtqrlynediationInternational journal of Chemical
Engineering. Vol. 2011

Tu, C; Ma, L. and Bhaskar B. (2002). Plant and Eorwinent interactions Arsenic Accumulation in thepdry

accumulator Chinese Brake and its utilization ptigéérior phyto-remediationJournal of environmental
quantity (JEQ) vol. 31:1671-1675.

Wang, X., Zhuang, Z., Sun, D., Hong, J., Wu, X.eL €&; Yang, M. and Leung, H. (1999). Trace metals o
traditional Chinese Medicine. A preliminary Studging ICP-MS for metal determination and as
speciation Atomic Spectroscopy, 20: 86 — 91.

Yusuf A.A; Arowolo, T. and Bamgbose O. (2002). @) and Ni levels in vegetables from industrial and
residential Areas of Lagos city Nigerialobal journal of Environmental Sciences vol. 1:1-3.

Table 1. Concentration of Pb in plant parts

Pb Conc. Root Stem L eaves Bcf

25ppm 14 +4 8+1 9+1 1.2
50 ppm 172+3 29+4 13+2 2.6
75 ppm 125+2 19+£2 6+1 2.0
100 ppm 32+2 12+1 14 +£2 0.5
Control 3+1 2+1 2+1 0.1

Table 2. Correlation coefficient between concentrations of Pb in soil and in plant compartments.

Pb Conc. Root Stem L eaf
25 ppm 0.912** 0.331 0.179
50 ppm 0.925** 0.445* 0.345
75 ppm 0.929** 0.402* 0.191
100 ppm 0.936** 0.329 0.399
Control 0.311 0.219 0.192
** Highly significant
50
45 Z'\
40
. /A
30 // —4—Seriesl
75 /A\ // —fli—Series2
70 ?/ \iﬁ(\ég\ //// Series3
15 P i S 1S4
10 w — a —f==Seriesh
5 47’?@* .
0
DAYS ‘ 25 ppm ‘ 50 ppm ‘ 75 ppm ‘ 100 ppm ‘ Control
ROOT LENGTH OF A. CAUDATUS

Figure 1. Root length of A. caudatus at day twenty
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Figure 2. Stem length of A. caudatus at day twenty
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