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Abstract-Arsenic (As) phytoaccumulation study was conducted with three plant species namely Eichhornia crassipes L. (water 
hyacinth), Echinochloa crusgalli L. (barnyard grass) and Monochoria hastata L. (water taro) in crop land soils contaminated by 
naturally and artificially from sodium arsenite (NaAsO2). Phytoaccumulation of As increased significantly with increasing soil As 
levels. In artificially As contaminated soils, highest As concentration was recorded in water hyacinth (67.9 and 46.83 mg kg-1 root and 
shoot, respectively) followed by water taro and barnyard grass at 100 mg As kg-1 treated soil. For naturally As contaminated soils, the 
highest accumulation of As in barnyard grass (56.93 and 26.50 mg kg-1 root and shoot, respectively) followed by water taro and water 
hyacinth in Paranpur soils (116 mg As kg-1 soil). The enrichment factor of arsenic in both artificially and naturally arsenic 
contaminated soils, root and shoot parts of these plant species were found to be in the sequence of soil root shoot. In most cases, 
arsenic translocation factor of soil to root and root to shoot is 0.5 to 1.0 indicated that main application of these plants is for arsenic 
phytoaccumulation from soil. Highest bio-concentration factor (2300) values were found in barnyard grass root than water taro 
(2184.55) and water hyacinth (1336.36) and this values always 10 times higher (293-2300) in the plant parts grown in the 
contaminated site compare to uncontaminated site. Current study revealed that, these plant species can be used as arsenic 
accumulator in arsenic contaminated soils. 

Keywords- Arsenic; Contamination; Bio-concentration Factor; Phytoaccumulation; Soil. 

I. INTRODUCTION 

Arsenic (As) pollution in ground water has become a major public concern in many countries especially in Bangladesh. 
Approximately 35–77 million people out of 125 million populations in Bangladesh have faced the risk of exposure to As in 
their drinking water (Smith et al. 2000). The As contaminated areas in Bangladesh have shown as more than 20 mg As kg-1 soil 
(Zaman et al., 2008). High concentration As in surface soil was detected to depend on As contaminated ground water irrigation 
(Mandal et al. 1996), application of As-based herbicides and pesticides, fertilizers such as chicken manure from Roxarsone fed 
chiken and mining activities (Onken and Hossner,1996; Christen Kris, 2001). These pollutions could pose a serious threat to 
plants, human health and the environment through the food chain pathways (Arif, 2001; Bruce et al., 2003; Duxbury et al., 
2003; Williams et al., 2006; Zhu et al., 2008). Arsenic is classified as Group-1 carcinogen to humans based on strong 
epidemiological evidence (Tchounwou et. al., 2003). There were about more than fifty arsenicosis patients identified in 
Nalitabari upazila (total population 0.27 million) under Sherpur District of Bangladesh due to drinking of As contaminated 
water (The Daily Amar Desh, December, 2011). According to WHO, the mean daily intake of As through food by adults is in 
the range of 17-129 µg. Average As concentration in rice grain produced in different parts of Bangladesh is 480 µg kg-1. 
Considering average consumption of rice grain 454 gm/capita/day average As intake by a Bangladeshi people through only 
rice grain is 218 µg d-1 (SOS-arsenic.net, 2005). Arsenic toxicity depends on its speciation, and generally inorganic As species 
are more toxic than as compared with those of organic species (Meharg and Hartley-Whitaker, 2002; Jack, 2005). As(III) is 
more toxic as compared with As(V), and dimethylarsinic acid (DMAA) and monomethylarsonic acid (MMAA) are more toxic 
than their parent compounds (Petrick et al., 2000). Arsenic remediation technologies from soils include excavation, 
immobilization, vetrification, soil washing/flushing and phytoremediation (Rahman and Hasegawa, 2011). Phytoremediation is 
a low cost and eco-friendly technology for cleaning up the contaminated sites (Vamerail et. al., 2010). Phytoaccumulation is 
one of the phytoremediation processes that plant uptake contaminants from the environment and stored in their body. Some 
terrestrial plant species such as Agrostis castellana; Agrostis delicatula (Koe, 1994), Bidens cynapiifolia (Bech et al., 1997), 
Pteris vittata L. (Ma et al., 2001) and Pityrogramma calomelanos L. (Gulz et al., 2005) have been reported to accumulate As 
from soils. Among them Pteris vittata L. accumulates a formidable amount of As from soil (Ma et al., 2001) and stored in the 
fronds (Tu et al., 2002).  

Aquatic macrophytes have ability to concentrate heavy metals in their roots, shoots as well as leaves. However, the 
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accumulation of heavy metals is much higher in roots of these plants (Mishra et al. 2009; Paiva et al. 2009; Mufarrege et al. 
2010). Mishra and Tripathi (2008) compared the phytoremediation potential of three aquatic macrophytes and concluded that 
Eichhornia crassipes was more efficient in removal of heavy metals (Fe, Zn, Cu, Cr, and Cd) followed by Pistia stratiotes and 
Spirodela polyrrhiza. Rahman et al. (2007) performed a hydroponic experiment with Spirodela polyrrhiza L. and found that it 
uptake about 0.353 µM As g-1 from 4.0 µM arsenate solution. Rahman et al. (2008) also reported that external supplementation 
of ethylene diamine tetra acetic acid (EDTA) in the growth medium of Spirodela polyrhiza increased the uptake of As(V) and 
As(III). 

Many researches were conducted on phytoremediation of As using hyper accumulator. There are some problems of the 
application of hyper accumulators to contaminated soils such as a small biomass and a limited adaptation capacity to the 
growth condition and cultivation. The selection of plants having strong metal-accumulating ability and being compatible with 
local weather conditions might yield more immediate practical results than that based solely on a high tolerance to the toxic 
metal (Murakami and Ae, 2009). So the current research focused on phytoremediation of crop land surface soils using 
adaptable and high biomass content plants, where As built up by using As contaminated irrigation water, fertilizers, manures 
and pesticides; and artificially from NaAsO2. Plant species used in this study were common in Bangladesh and can easily grow 
on the crop land in moist or submerged condition especially in rice field. To study remediation of As contaminated crop land 
surface soils, these plant species can be used for the phytoaccumulation of As and clean up the soil environment in a eco-friend 
way.  

II. MATERIAL AND METHODS 

A. Study Area, Sample Collection and Preparation 

Soils were collected from Bangladesh Agricultural University, Mymensingh (Latitude: 24.75° N, Longitude: 90.4° E, 
Altitude: 17 m), campus at 0-15 cm depth for artificial As contamination. Naturally As contaminated soil was collected from 
the three As contaminated sites (Paranpur, Kamorpur and Dholdi) of Faridpur Sadar Upazilla under Faridpur district 
(Latitude: 23.6° N, Longitude: 89.83° E, Altitude: 11 m), Bangladesh, which was known as severely As contaminated area 
(Hossain et al., 2001). Soil characteristics of control, artificial and naturally As contaminated soil, were given in the Table I. 
Exactly 5.0 kg soil was taken in a series of plastic pots. The pots were maintained in neutral condition (Table I). The 
experiment was laid out in a Completely Randomized Design (CRD) with three replications. For artificial As contamination of 
soil, there were four treatments of As viz., 30, 50, 70 and 100 mg As kg-1 (ppm) soil from sodium arsenite (NaAsO2) with 
control soil (Table I) and three replications in both for artificially and naturally As contaminated soils were done. Initially 
required amount of As dissolved in de-ionized water and mixed properly with soil then 20 mg N from urea and P from triple 
super phosphate were also added per kg soil before planting. Plant seedlings were collected from Agronomy field of 
Bangladesh Agricultural University, Mymensingh. Three plants were grown on each pot. The plants were irrigated daily with 
arsenic free tap water. Plants were uprooted at 45 days after transplanting. Plant height was measured from the ground level to 
the top of the plants and number of leaves for each plant was recorded at full maturity. Then about 2-3 g air dried plant samples 
were oven dried at 65ºC temperature for 48 hrs (Rahman et al., 2007). The oven dried samples were cooled and weighed (by 
digital balance) separately for root and shoot. This procedure was repeated until constant weight was obtained.  

TABLE I AGRO-ECOLOGICAL ZONE (AEZ), SOIL SERIES, NAME OF SOIL, ARSENIC CONTENT AND PH VALUE  
OF THE FARIDPUR SOILS AND BANGLADESH AGRICULTURAL UNIVERSITY (BAU) FARM SOILS 

Experiment AEZ 
Soil 

Series 
Name of soils As (ppm) pH 

Control 
Brahmaputra- Jamuna 

Floodplain 
Sonatala BAU Farm soil 4.3 6.7 

Faridpur soil (Naturally 
As contaminated soils) 

Low Ganges River 
Floodplain 

Ishurdi 

Paranpur Soil 116.0 7.5 

Kamorpur  Soil 47.3 7.4 

Dholdi Soil 22.0 7.5 

Artificially As 
contaminated soil 

Brahmaputra- Jamuna 
Floodplain 

Sonatala 

Soil 1 30.0 6.7 

Soil 2 50.0 6.7 

Soil 3 70.0 6.5 

Soil 4 100.0 6.8 

B. Arsenic Analysis 

Exactly 0.5 g (oven dry basis) for plant and soil samples was taken into a digestion tube. Five mL of 65% HNO3 (analytical 
reagent grade) were added and samples were kept under fume hood for 12 hrs. Then the samples heated on a digestion 
chamber at 95ºC temperature for 2 hrs. After cooling to room temperature, 3 mL of 30% hydrogen peroxide were added to the 
digests and the samples were heated again at 120ºC for 20 min and then diluted to 10 mL using de-ionized water and filtered 
with the help of Whatman No. 42 filter paper and stored in 15 mL plastic bottles. Arsenic contents in the plant and soil was 
determined with a hydride generator Atomic Absorption Spectrophotometer (Varian, UK), as described by Welsch et al. 
(1990). 
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C. Enrichment Factor (EF) 

The EF has been calculated to derive the degree of soil contamination and heavy metal accumulation in soil and in plants 
growing on contaminated site with respect to soil and plants growing on uncontaminated soil (Kisku et al., 2000). 

EF = Concentration of As in soil or plant parts at contaminated site/ Concentration of As in soil or plant parts at 
uncontaminated site.  

The enrichment factor in the plant parts is an important criterion for the selection of suitable crop species which can be 
selected for cultivation in a field having higher level of metal contamination or receiving industrial effluent (Barman and 
Bhargava, 1997). 

D. Translocation Factor (TF) 

TF or mobilization ratio was calculated to determine relative translocation of metals from soil to other parts (root and 
shoot) of the plant species (Barman et al., 2000; Gupta et al., 2008). 

TF =  

E. Bio-Concentration Factor (BCF)  

The BCF provides an index of the ability of the plant to accumulate the metal with respect to the metal concentration in the 
substrate. The result of BCF was calculated (L kg-1) as follows (Snyder, 2006). 

BCF=  

F. Statistical Analysis 

The data were statistically analyzed. For each pot, the mean values, standard deviations (SD) and confidence ranges were 
calculated at the 0.05 probability level as per Duncan’s Multiple Range Test (DMRT). Significance of differences between the 
means was checked by least significant difference (LSD) test. Statistical analysis was performed by MSTATC program and as 
outlined by Gomez and Gomez (1984). 

III. RESULTS AND DISCUSSION 

A. Effects of As on Leaves Production 

Increasing dose of As decreased significantly the number of leaves of 3 plants in artificially As contaminated soil. Water 
hyacinth showed the maximum number of leaves in the artificially soil contained 30 ppm As (Fig. 1A). In cases of barnyard 
grass and water taro, the highest number of leaves per plant was observed in control group. The number of leaves varied from 
16-5, 11-5 and 10-6 in water hyacinth, barnyard grass and water taro, respectively (Fig. 1A) due to different As treatments. In 
naturally As contaminated soil, the highest number of leaves (32) was found in the water hyacinth at 22 mg As kg-1 soil and the 
lowest number of leaves (9) was found in the barnyard grass at 116 mg As kg-1 soil shown in Fig. 1D. Similar results were also 
observed by Mitra (2004) and Sultana (2006) who reported that the number of leaves in some weed species decreased with the 
increase of soil As concentration. 

B. Effects of As on Plant Height 

Increasing levels of As decreases the plant height from 30 ppm to onwards (Fig. 1B, 1E). The maximum height was 
obtained at 30 ppm As treatment for barnyard grass (85 cm) and minimum height was obtained at 100 ppm As for water 
hyacinth as presented in Fig. 1B. In naturally As contaminated soil, the highest plant height was obtained in barnyard grass (85 
cm) at 22 ppm and lowest was at 116 ppm As for water hyacinth (17 cm) shown in Fig. 1E. Arsenic can help the growth of 
these plants at certain lower level but in excess amount of As, plant growth was decreased. It might suggest that calcium 
content in leaf and stem was reduced by As treatment (Patrick et al., 2007). Bindu et al. (2010) reported that significant 
decrease in the relative growth, biomass productivity, and total chlorophyll content were noticed in the taro plant (Colocasia 
esculenta) with an increase in Pb and Cd concentration in the solution and exposure time. 

C. Effects of As on Biomass Production 

Results shown in Fig. 1C and F indicated that shoot and root biomass production was affected by increasing the As levels. 
It was significantly (p<0.05) reduced the water hyacinth root, barnyard grass shoot and water taro shoot and root biomass 
content (Fig. 1C). In most cases the biomass content was increased at 30 ppm As and then decreased with increasing As level 
(Fig. 1C, 1F). The highest biomass (root and shoot combined) was found in water hyacinth (48.43 g) at 22 ppm As (Fig. 1F) 
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and lowest biomass (root and shoot combined) found in barnyard grass (5 g) at 100 ppm As (Fig. 1C). Sultana and Kobayashi 
(2011) found that, little growth inhibition and biomass production of barnyard grass occurred with increasing As concentration. 
Ebel et al., (2007) have been reported that water hyacinth (E. crassipes) grow very fast, enormous biomass production rate and 
high tolerance to heavy metals polluted wastewater. Giraldo and Garzon (2002) also told that water hyacinth represents a 
reliable alternative for arsenic bioremediation in aquatic system even though the plant may cause severe water management 
problems because of its huge vegetative reproduction and high growth rate. 

 

 

 
Fig. 1 Effect of different concentration of As (ppm or mg As kg-1 soil) on the production of leaves [(A), (D)], plant height [(B), (E)] and biomass production 
[(C), (F)] of Water hyacinth (WH), Barnyard grass (BG) and Water taro (WT) in artificially [(A),(B),(C)] and naturally [(D),(E),(F)]As contaminated soils 

Common letter did not differ at 5% level of probability as per DMRT. (n=3) 
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D. Arsenic Accumulation in Plant Parts 

Phytoaccumulation of As was significantly increased in these plant species with increasing soil As levels (Fig. 2). Arsenic 
accumulation was determined both in root and shoot separately (Tables II and III). In artificially As contaminated soil, 
highest amount of As accumulation was found in 100 ppm As treatment. The relative distribution of As in shoot and root has 
been presented in Fig. 2 (A, B). The highest As concentration in shoot was found in case of water hyacinth (46.83 mg As kg-1 

shoot) followed by barnyard grass (31.77 mg As kg-1 shoot) and water taro (38.63 mg As kg-1 shoot) (Fig. 2A). Considering the 
root, the highest As concentration was found in case of water hyacinth (67.90 mg As kg-1 root) followed by water taro (59.12 
mg As kg-1 root) and barnyard grass (55.64 mg As kg-1 root) (Fig. 2B). Alvarado et al. (2008) showed that water hyacinth have 
high As removal efficiency (removal rate of 600 mg As ha-1 d-1) from water due to its high biomass production and favorable 
climatic conditions under field environment and a removal recovery of 18% under laboratory conditions. In naturally As 
contaminated soil, highest amount of As accumulation was in the root of barnyard grass (56.93 mg As kg-1 root) at 116 ppm As 
containing soil and minimum uptake occurred at 22 ppm As treatment (Table II) in the shoot of water hyacinth (6.17 mg As kg-

1 shoot). In both shoot and root, the arsenic concentration increased progressively with increased levels of arsenic (Figs. 2C 
and D). The highest concentration of As in shoot was found in case of barnyard grass (26.50 mg As kg-1 shoot) at 116 ppm As 
treatment (Fig. 2C) followed by water taro (19.77 mg As kg-1 shoot) and water hyacinth (17.03 mg As kg-1 shoot) shown in 
Table II. The highest As removal efficiency was found in water hyacinth than other plants due to high biomass production (Fig. 
1C). Mishra et al. (2008) also compared As removal efficiency of Eichhornia crassipes, Lemna minor and Spirodela polyrhiza 
from tropical opencast coalmine effluents and observed that E. crassipes had the highest removal efficiency (80%) as 
compared to other aquatic macrophytes. This study showed that root accumulated higher amount of As than shoot (Fig. 2). 
Tlustos et al.(1998), Mitra (2004) and Sultana (2006) also expressed similar views that some weeds like joina, water cress etc. 
accumulate higher amount As in root than in shoot. Sultana and Kobayashi (2011) found that barnyard grass accumulated more 
As in root than shoot. According to Hoffmann et al. (2004), As uptake by Salvinia minima was increased with increasing As 
exposure time and concentration in the growth solution. Arsenic accumulation in brake fern (Pteris vittata) also increased by 
increasing As in soils (Ma et al., 2001). High concentration of As (138 mg kg-1 fresh wt) has also been found in naturally 
grown watercress (Nasturtium microphyllum) in Taupo Volcanic zone, New Zealand (Robinson et al., 2006) which also 
supported this study. 

E. Enrichment Factor (EF)  

EF in naturally and artificially As contaminated soil, root and shoot parts of three plant species were shown in Tables II and 
III. All values of EF were greater than one which indicates higher availability and distribution of arsenic in soil contaminated 
by irrigation water or As containing pesticides, fertilizers etc. and added As from NaAsO2 and thereby increasing the metal 
accumulation in plants species grown on the contaminated soil (Kisku et al., 2000; Gupta et al., 2008). In most cases the 
sequence of EF is soil root shoot. The EF increases in different plant parts with increasing the As concentration in soil. The 
EF values indicate higher accumulation of As by roots than shoot for all plant species from naturally (Table II) and artificially 
(Table III) As contaminated soil hence they are suitable for As phytoaccumulation and both root and root can be harvested to 
clean up arsenic. Ramesh et al. (2010) investigated the accumulation of Cd, Zn, Cr, Pb, Cu, Ni, Mn and Fe in fields 
contaminated with fly ash from a thermal power plant and subsequent uptake in different parts of naturally grown 11 plants 
species. From the results, among the eight metals, the maximum EF was found in case of Cd followed by Fe for soil, root 
and shoot part but in overall, the sequence did not follow any specific pattern – some are more than one and in some cases 
less than one. 
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Fig. 2 Arsenic uptaken (ppm or mg As kg-1 biomass, oven dry basis) by Water hyacinth (WH), Barnyard grass (BG) and Water taro (WT) shoot (A, D) and 
root (B, C) from artificially (A, B) and naturally (C,D) As contaminated soil. Common letter did not differ at 5% level of probability as per DMRT (n=3) 

F. Translocation Factor (TF) 

TF or mobilization ratio of metals from soil to root and root to shoot has been estimated (Tables II and III). In naturally As 
contaminated soil, soil to root and root to shoot TF increases with decreases As concentration in soil (Table II). In case of 22 
ppm As treatment, the translocation of As from soil to root was found to be in the order of Barnyard grass (1.15) Water 

taro (1.09) Water hyacinth (0.67) and when this value was compared with control value it was observed to be higher in 
the contaminated site for barnyard grass and water taro (Table II). The same order was also found in root to shoot TF but in 
all cases TF become less than 1.0 indicated slow translocation of As from root to shoot that is, shoot contained lower 
arsenic than root. Marin et al. (1992) found TF of root to shoot for inorganic As of less than 0.2 for rice cultivars but in this 
study root to shoot TF for water hyacinth, barnyard grass and water taro ranges from 0.37-0.45, 0.47-0.61 and 0.43-0.55, 
respectively (Table II). 

In artificially As contaminated soils, soil to root and root to shoot TF for each plant species was lower than the 
uncontaminated soil and in all cases TF less than 1.0 (Table III). Rabb et al. (2007) studied 46 plant species to determine 
uptake and translocation into shoot of arsenate, methyl arsonate and dimethylarsinate and found that none of the plant species 
had a shoot to root TF that exceeded 0.9 for arsenate (V), and ranges from 0.01 to 0.84. In this research, root to shoot TFs for 
water  hyacinth, barnyard grass and water taro ranges from 0.58-0.70, 0.48-0.67 and 0.53-0.65, respectively (Table III) for 30, 
50, 70 and 100 ppm As treatment. Ramesh et al. (2010) experimented with 11 plant species and average translocation of metals 
from soil to root was found to be in the order of Cu (1.03)> Ni (0.96) > Mn (0.85) > Zn (0.67) >Pb (0.58) > Cd (0.50) > Fe 
(0.48) and when this value was compared with control value it was observed to be higher in the contaminated site for Cd, Zn, 
Cu, Ni, Mn and Fe. In case of root to shoot TF was found in the order of Mn (1.38) > Fe ( 1.27) > Pb (1.03) > Ni (0.94) > Zn 
(0.85) > Cd (0.82) > Cr (0.73) and among the metals Mn, Fe, Ni and Pb translocation factor was found to be higher than the 
control value but Zn, Cd and Cr become lower than the control value. Comparatively the TF values from soil to root and root 
to shoot showed lower than EF values. One reason for slow translocation of As from root to shoot could be due to that trivalent 
arsenite are easily trapped in the root, but under anaerobic conditions, much of the As in the cells was a pentavalent arsenate 
and this arsenate again is partly reduced to arsenite due to the activity of endogenous arsenate reductase enzyme, conjugated 
with thiols, and sequestered in the root vacuole (Zhu and Rosen, 2009). To express the gene for arsenate reductases, Dhankher 
et al. (2002) found that over expressing the gene for the Escherichia coli arsenate reductase gene, arsC, in Arabidopsis 
thaliana under the control of a light-responsive transcription factor led to hypersensitivity to arsenic and arsenite formed 
As(GS)3 conjugates. Other factor that influences the TF for the different As species is the ability of plants to complex inorganic 
arsenic as As–phytochelatin (PC) complexes. In experiments with Helianthus annuus, it was reported that the formation of 
these complexes  

TABLE II ENRICHMENT FACTOR (EF), TRANSLOCATION FACTOR (TF) OF AS FROM SOIL TO ROOT (SR), ROOT TO SHOOT (RS) AND AS UPTAKE (PPM) 
 BY WATER HYACINTH, BARNYARD GRASS AND WATER TARO IN NATURALLY AS CONTAMINATED AND UNCONTAMINATED SOILS 

Plant Treatment of As Location 

Naturally As contaminated soil Uncontaminated soil 

EF As uptake 
(ppm) 

TF As uptake 
(ppm) 

TF 

SR RS SR RS 

Water 
Hyacinth 

22 ppm 

Shoot 6.17 

0.67 0.42 

2.23 

0.80 0.65 

2.77 

Root 14.7 3.44 4.27 

Soil 22 4.3 5.12 
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Water 
Hyacinth 

47.3 ppm 
Shoot 12.53 

0.59 0.45 
2.23 

0.80 0.65 
5.62 

Root 27.77 3.44 8.07 
Soil 47.3 4.3 11.00 

116 ppm 
Shoot 17.03 

0.39 0.37 
2.23 

0.80 0.65 
7.64 

Root 45.5 3.44 13.23 
Soil 116 4.3 26.98 

Barnyard grass 

22 ppm 
Shoot 15.4 

1.15 0.61 
3.2 

1.14 0.65 
4.81 

Root 25.3 4.89 5.17 
Soil 22 4.3 5.12 

47.3 ppm 
Shoot 17.27 

0.68 0.54 
3.2 

1.14 0.65 
5.40 

Root 32.08 4.89 6.56 
Soil 47.3 4.3 11.00 

116 ppm 
Shoot 26.5 

0.49 0.47 
3.2 

1.14 0.65 
8.28 

Root 56.93 4.89 11.64 
Soil 116 4.3 26.98 

Water 
Taro 

22 ppm 
Shoot 13.27 

1.09 0.55 
2.17 

0.74 0.68 
6.12 

Root 24.03 3.18 7.56 
Soil 22 4.3 5.12 

47.3 ppm 
Shoot 15.17 

0.71 0.45 
2.17 

0.74 0.68 
6.99 

Root 33.63 3.18 10.58 
Soil 47.3 4.3 11.00 

116 ppm 
Shoot 19.77 

0.40 0.43 
2.17 

0.74 0.68 
9.11 

Root 46.4 3.18 14.59 
Soil 116 4.3 26.98 

was predominantly in the root system (Raab et al., 2005). Since As–PC complexes seem not, as such, to be transport forms 
of As (none were found in sap samples of H. annuus and B. juncea), their formation might reduce the translocation of 
inorganic arsenic (Pickering et al., 2000 and Raab et al., 2005). 

TABLE III ENRICHMENT FACTOR (EF), TRANSLOCATION FACTOR (TF) OF AS FROM SOIL TO ROOT (SR), ROOT TO SHOOT (RS) AND AS UPTAKE (PPM)  
BY WATER HYACINTH, BARNYARD GRASS AND WATER TARO IN ARTIFICIALLY AS CONTAMINATED AND UNCONTAMINATED SOILS 

Plant 
Treatment 

of As 
Location 

Artificially As contaminated soil Uncontaminated soil 
EF As  uptake 

(ppm) 
TF As uptake 

(ppm) 
TF 

SR RS SR RS 

Water 
Hyacinth 

30 ppm 
Shoot 12.8 

0.64 0.58 
2.23 

0.80 0.65 
5.74 

Root 22.12 3.44 6.43 
Soil 34.3 4.3 7.98 

50 ppm 
Shoot 17.7 

0.52 0.62 
2.23 

0.80 0.65 
7.94 

Root 28.5 3.44 8.28 
Soil 54.3 4.3 12.63 

70 ppm 
Shoot 34.7 

0.66 0.70 
2.23 

0.80 0.65 
15.56 

Root 49.35 3.44 14.35 
Soil 74.3 4.3 17.28 

100 ppm 
Shoot 46.83 

0.65 0.69 
2.23 

0.80 0.65 
21.00 

Root 67.9 3.44 19.74 
Soil 104.3 4.3 24.26 

Barnyard 
grass 

30 ppm 
Shoot 10.37 

0.63 0.48 
3.2 

1.14 0.65 
3.24 

Root 21.68 4.89 4.43 
Soil 34.3 4.3 7.98 

50 ppm 
Shoot 24.73 

0.68 0.67 
3.2 

1.14 0.65 
7.73 

Root 36.83 4.89 7.53 
Soil 54.3 4.3 12.63 

70 ppm 
Shoot 27.07 

0.63 0.58 
3.2 

1.14 0.65 
8.46 

Root 46.63 4.89 9.54 
Soil 74.3 4.3 17.28 

100 ppm 
Shoot 31.77 

0.53 0.57 
3.2 

1.14 0.65 
9.93 

Root 55.64 4.89 11.38 
Soil 104.3 4.3 24.26 

Water 
Taro 

30 ppm 
Shoot 6.6 

0.37 0.53 
2.17 

0.74 0.68 
3.04 

Root 12.54 3.18 3.94 
Soil 34.3 4.3 7.98 

50 ppm 
Shoot 19.33 

0.56 0.64 
2.17 

0.74 0.68 
8.91 

Root 30.15 3.18 9.48 
Soil 54.3 4.3 12.63 

70 ppm 
Shoot 31.9 

0.66 0.65 
2.17 

0.74 0.68 
14.70 

Root 48.84 3.18 15.36 
Soil 74.3 4.3 17.28 

100 ppm 
Shoot 38.63 

0.57 0.65 
2.17 

0.74 0.68 
17.80 

Root 59.12 3.18 18.59 
Soil 104.3 4.3 24.26 
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G. Bio-Concentration Factor (BCF) 

BCF is a useful parameter to evaluate the potential of the plants in accumulating metals and this value was calculated on a 
dry weight basis. The BCF values of root and shoot of each plant were calculated separately for naturally and artificially As 
contaminated soil (Table IV). BCF was always higher in root than in shoot. The highest BCF value (2300) was recorded in 
barnyard grass root at 22 ppm As treatment and lowest in water hyacinth shoot at 116 ppm As treatment (293.62) for naturally 
As contaminated soil (Table IV). In case of artificially As contaminated soil from NaAsO2, highest BCF found in water 
hyacinth root (1474.67) at 30 ppm As whereas lowest in water taro shoot (440) at 30 ppm As concentration in soil (Table IV). 
In all cases, BCF was 10-40 times higher than in control or uncontaminated site for shoot and root of all plants. Anwar et al. 
(2006) conducted an experiment about exposure and bioavailability of As in contaminated soils from the La Parrilla mine, 
Spain using Pteridium aquilinum, Erica australis, Juncus effuses, Phalaris caerulescens and Spergula arvensis, plant species 
and measured BCF 3.2 to 593.9 for one site and 2.1 to 20.7 for other As contaminated site. Giri and Patel (2011) also found the 
maximum values of BCF for Cr (VI) and Hg (II) were found to be 413.33 and 502.40 L/kg respectively in water hyacinth 
where the initial concentration was 0-4 ppm Cr and 0-20 ppm Hg in hydroponic culture and this result was supported our 
current research. This study showed highest BCF value which indicated that these plants might have the great potentiality for 
using As phytoaccumulation in As contaminated crop land soils for future applications. 

TABLE IV BIO-CONCENTRATION FACTOR (BCF) OF SHOOT AND ROOT OF WATER HYACINTH, BARNYARD GRASS  
AND WATER TARO FOR AS ACCUMULATION IN NATURALLY AND ARTIFICIALLY AS CONTAMINATED SOILS 

Plant 
Naturally As contaminated soil Artificially As contaminated soil 

As treatment (ppm) Plant parts BCF As treatment (ppm) Plant parts BCF 

Water hyacinth 

4.3 (Control)* 
Shoot 38.45 

30 
Shoot 853.33 

Root 59.31 Root 1474.67 

22 
Shoot 560.91 

50 
Shoot 708.00 

Root 1336.36 Root 1140.00 

47.3 
Shoot 529.81 

70 
Shoot 991.43 

Root 1174.21 Root 1410.00 

116 
Shoot 293.62 

100 
Shoot 936.60 

Root 784.48 Root 1358.00 

Barnyard grass 

4.3 (Control)* 
Shoot 55.17 

30 
Shoot 691.33 

Root 84.31 Root 1445.33 

22 
Shoot 1400.00 

50 
Shoot 989.20 

Root 2300.00 Root 1473.20 

47.3 
Shoot 730.23 

70 
Shoot 773.43 

Root 1356.45 Root 1332.29 

116 
Shoot 456.90 

100 
Shoot 635.40 

Root 981.55 Root 1112.80 

Water taro 

4.3 (Control)* 
Shoot 37.41 

30 
Shoot 440.00 

Root 54.83 Root 836.00 

22 
Shoot 1206.36 

50 
Shoot 773.20 

Root 2184.55 Root 1206.00 

47.3 
Shoot 641.44 

70 
Shoot 911.43 

Root 1421.99 Root 1395.43 

116 
Shoot 340.86 

100 
Shoot 772.60 

Root 800.00 Root 1182.40 

*Control is both for naturally and artificially contaminated soils. 

IV. CONCLUSIONS 

Water hyacinth, barnyard grass and water taro were efficient for phytoaccumulation of As in contaminated soils. These 
plants showed good growth parameter like height, leaves and biomass production upto 25-30 ppm As concentration in soil and 
then gradually decreased. The highest recovery was recorded in water hyacinth due to higher biomass production. The weather 
of Bangladesh is very suitable to grow these plants spontaneously in moist and submersed soil condition, so this plant might be 
considered for cleaning up As contaminated surface soils in Bangladesh. From the enrichment factor, translocation factor and 
bio-concentration factor, it can be concluded that accumulation of As in roots was always higher than the shoots, and we can 
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easily uproot the plant during moist or submersed soil condition. So all of these are suitable for As phytoaccumulation in crop 
land soil and have the great potentiality for future applications as an As accumulator in the As contaminated area. 
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