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Abstract

The present study was carried out to evaluate the potentials value of three Sudanese plants namely: Zea mays, Calotropis procera
and Prosopis chilensis for phytoremediation of six heavy metals from Khartoum tannery waste water using two types of
wastewater (W1 and W2) at five concentrations (0.0%, 25.0, 50.0, 75.0 and 100.0) percentage. Plants were tested for heavy metal
accumulation using X-ray fluorescence machine. The results obtained are: For Chromium: Zea mays plant showed highest
accumulation rate when treated with the W1 at concentration 100 with the accumulation rate as 3782.32. Manganese: The highest
absorption rate of manganese obtained by Zea mays treated with the W1 at concentration 50 with an accumulation rate as (2937).
For Iron: The highest accumulation rate was achieved by Calotropis prosera plant when treated with the W2 at concentration 100
with an accumulation rate as (240.2). For Cobalt: Zea mays plant treated with the W1 at concentration 50 showed the highest
accumulation average as (177.7), followed by the Calotropis procera plant treated with W2 at concentration 25 with rate
percentage (177.6). On the other hand the Prosopis chilensis plant showed a low accumulation rate than the control with all
treatments except when treated with the W1 at concentration 25 as (134.4) average. For Nickel: Calotropis procera with W2
exhibited an increase over the control to Ni content at all concentration with a maximum absorption at 50% for with (220) rate. For
Copper: The highest copper accumulation rate was obtained by Prosopis chilensis when treated with W1 at concentration 50 with
an accumulation rate as (124.9). So due to the results of this study there is variation in heavy metals accumulation depend on plant
species, type and concentration of polluted water.
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Introduction

Phytoremediation is a technology which uses plants for the
remediation of contaminated soils and water, it is an
environmentally friendly, safe and cheap technique used to
eliminate pollutants from an environment such as heavy metals
(Susarta et al., 2008; Jadia and Fulekar 2009 and Zhang et al.,
2010). Basically, phytoremediation of contaminants is
categorized under five major sub-groups phytoextraction,
phytostabilisation, phytofiltration, phytovolatilisation, and
phytodegradation (USEPA, 2000); Ward and Singh 2004). The
idea of using metal accumulating plants to remove heavy metals
was first introduced more than 300 years ago (Henry, 2000).

Heavy metals are natural constituents of the earth’s crust (Jadia
and Fulekar 2008 and Ismail et al., 2013). Their principal
characteristics are an atomic density greater than 5 g cm™ and
an atomic number are generally given as greater than 20 (Jadia
and Fulekar 2008). The most common heavy metal
contaminants are Cd, Cr, Cu, Hg, Pb, and Zn. The occurrence of
heavy metals in soils can result of two main sources:

Heavy metals occur naturally in the soil environment from the
pedogenetic processes of weathering of parent materials at
levels that are regarded as trace and rarely toxic (Wuana, and
Okieimen., 2011; and Parizanganeh et al., 2012).
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Human activities, such as mining, smelting, electroplating,
energy and fuel production, power transmission, intensive
agriculture, sludge dumping, and melting operations, are the
main contributor to heavy metal contamination (Ismail, et al.,
2013; Dembitsky., 2003 and Ali et al., 2013). Heavy metals in
the soil from anthropogenic sources tend to be more mobile,
hence bioavailable than pedogenic, or lithogenic ones (Wuana.,
and Okieimen, 2011; Kaasalainen and Yli-Halla, 2003; and
Bolan et al.,, 2010). The industry of mining and processing
metals is a major source of farmland heavy metal contamination
(Navarro et al., 2008).

Based on their role on physiological activities, they can be
divided in two groups :

Essential heavy metals: (Fe, Mn, Cu, Zn, and Ni) which are
micronutrients necessary for vital physiological and
biochemical functions of plant growth, they are constituents of
many enzymes and other proteins and all plants have the ability
to accumulate them from soil solution (Hall., 2002; Djingova
and Kuleff., 2000) .

Non-essential heavy metals: (Cd, Pb, As, Hg, and Cr) have
unknown biological or physiological function (Subhashini and
Swamy 2013; Gaur and Adholeya., 2004) and consequently are
non-essential for plant growth.

Both groups are toxic to plants, animals and humans above
certain concentrations specific to each element (Adriano, 2001
and Bolan et al., 2010). High contents of both essential and non-
essential heavy metals in the soil may inhibit plant growth and
can lead to toxicity symptoms in most plants (Ismail, et al.,
2013; Hall, 2002; Zengin, and Munzuroglu., 2005; and
Ochonogor and Atagana., 2014). However, some plant species
have the ability to grow and develop in metalliferous soils such
as near to mining sites (Gardea-Torresdey et al., 2005). Such
plants can be used to clean up heavy metal contaminated sites.
Willow (Salix viminalis L.), maize (Zea mays L.), Indian
mustard (Brassica juncea L.) and sunflower (Helianthus annuus
L.) has been found to be highly tolerant to heavy metals
(Schmidt, 2003; Ahlam et al., 2014). All metals are toxic at
higher concentrations because they cause oxidative stress by
formation of free radical. Phytoremediation employs important

role to remove contaminants from polluted soils and water

which require decontamination. Commercial strategy is to use
phytoremediation as a lower cost alternative to current
expensive engineering methods. One of the most important
causes of pollution is the high rates of industrialization due to
growing population. Different kinds of pollution are known but
this study deals only with: Water pollution. Heavy metals
dissolved in water can be bio-accumulated into the food chain.
The long-term exposure to heavy metals for humans may affect
growth, metabolism, reproduction, and even lead to various
diseases. Therefore, it is urgent to find suitable plants for
remediate the heavy metal pollution by phytoremediation
technology. Many plants have been reported to tolerate and
accumulate heavy metals, and can be used to eliminate the
heavy metal contamination in soils round the world , but there
are few studies in the field of the uses of Sudanese plants as
remediators for heavy metal, so the aim of this study was to
assess the ability of three Sudanese plants namely, Zea mays
(family ~ Poaceae),  Calotropis  procera (family
Ascclepiadaceae) , and Prosopis chilensis (family Fabaceae) as
remediators for six of the heavy metals(Cr, Mn, Fe, Co, Ni, and
Cu) from industrial waste water of Khartoum Tannery,
Khartoum, Sudan.

Materials and Methods

Plant Samples:

Three plant species belong to three different families namely
Zea mays (Family Poaceae), Calotropis procera (Family
Ascclepiadaceae), and Prosopis chilensis (Family Fabaceae)
were used to evaluate the ability of these plants for waste water
remedy, through their capabilities to absorb and accumulate
different elements from waste water under greenhouse
conditions.

Water Samples:

Two waste water sample were collected from the tannery
production line , analyzed for heavy metals content, water type
one (W1) was collected from the tanning stage (after addition of
chrome), water type two ( W2) was collected from the final
waste (disposed water) after the end of tanning proses. For each
type of contaminated water (WI and W2) five concentrations
(0.0, 25.0, 50.0, 75.0 and 100.0) percentage were prepared, zero
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concentration referred to the control (tap water). The other
concentrations referred to as the ratios of contaminated water
samples to control.

Sand Samples:

Sand sample were collected and washed under running tap
water

Experimental phase

Plants growth

Sand sample were collected and washed under running tap
water. The seeds of mentioned plant species were grown in pots
under greenhouse condition and allowed to reach suitable size
before transplanting, then transplanted in pots (5 plants in each
pot). Ten pots were used for each plant species for one type of
contaminated water. All pots were irrigated daily with 300 ml
tap water for three to seven days and then by two types of
contaminated water (WI and W2) separately with five
concentrations (0.0, 25.0, 50.0, 75.0 and 100.0) percentage.
Plants Harvesting

The plant species were carefully harvested after about two
month to obtain the maximum recovery of roots. The plants
were then rinsed in tap water and subjected to analysis using X-
Ray -fluorescence machine (XRF).

Plants Sample preparation and analysis

Plant samples were ground into a fine powder with uniform size
similar to Margui et al., (2009). One gram from each sample
was pressed into a disc shape pellet (Byers et al., 2016) . As
particle size is wave length dependent. Pellets should be thick
enough to maximize the count rate for shortest wave length line
(Byers et al., 2016). Plant samples were analyzing using X-
Ray-fluorescence machine (XRF).

Results and Discussions

Results

Chromium:

Data in Table 1 explained the following: Zea mays plant showed
the highest rate of accumulation of chromium when treated with
the first type of water at concentration 100 with the
accumulation rate of (3782.32), followed by the Calotropis
prosera plant when treated with the first type of water at

concentration 50% with an accumulation rate of (3772). On the

other hand  Prosopis chilensis plant expressed accumulation
rate less than control with water type two at all concentration,
while accumulation rate of the same plant with water type one
explained high rate compare to the control.

Manganese:

As shown in Table 2: All plants under study showed a high
accumulation rate of manganese compared to the control, except
Prosopis chilensis plant treated with the first type of water at
concentration 50% where the accumulation rate was (58.1). The
highest absorption rate of manganese was made by Zea mays
treated with the first type of water at concentration 50 with an
accumulation rate of (2937), followed by the same plant at the
concentration of 25 in the same water (W1) at the rate of
(353.3).

Iron:

Data in Table 3 represented the flowering: Calotropis prosera
plant obtained high accumulation rates of iron with all
treatments, while  Prosopis chilensis showed lower
accumulation rate than control in all treatments, Zea mays plant
treated with the first type of water showed lower accumulation
rates than control, while water type two represented high
accumulation rate of iron compare to control in the same plant.
The highest accumulation rate was achieved by Calotropis
prosera plant when treated with the second type of water at
concentration 100 with an accumulation rate of (240.2).

Cobalt:

Data in Table 4 represented the following: Zea mays plant
treated with the W1 at concentration 50% showed the highest
accumulation average of cobalt as (177.7) average, followed by
the Calotropis procera plant treated with W2 at the
concentration 25 with percentage (177.6). On the other hand the
Prosopis chilensis plant showed a low accumulation rate than
the control with all treatments except when treated with the first
type of water at concentration 25 as (134.4) average

Nickel:

Data in Table 5 represented that treatment with water type one
(W1) showed an uptake decrease in Nickel below the control in
the whole plants with Zea mays, Calotropis procera and
Prosopis chilensis , except Prosopis chilensis at concentration
25% the Nickel uptake is equal to control (100). With water
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type two (W2) treatment, Zea mays recorded slight increase
only at 75% and 100% concentrations, with a maximum at
100 % concentration (155.7). Calotropis procera with W2
exhibited an increase over the control to Ni content at all
concentration with a maximum absorption at 50% for with
(220) average. Prosopis chilensis has shown an uptake decrease
of Ni below the control for the whole plants watered with W1
and W2.

Copper:

As shown in Table 6, Zea mays plant showed a low
accumulation rate of copper than the control with all treatments,
while the Prosopis chilensis plant showed a higher
accumulation rate than the control with all treatments except
when treated with the first type of water at concentration 100%
as (85.9) average. The highest copper accumulation rate was
obtained by Prosopis chilensis when treated with the first type
of water at concentration 50% with an accumulation rate of
(124.9).

Discussions

Chromium (Cr):

As shown in Table 1 an increase over the control was shown by
Zea mays at both low and high concentrations when the plants
were watered with W1, the highest value was obtained at 100%
concentration with a value of (3782.32) over the control. For
Calotropis procera grown in W1 the high value for Cr was
obtained at 50 % concentration (3772.) Prosopis chilensis plant
grown in W1 gave an increase over the control at both low and
high concentrations. The highest uptake value for Cr was
obtained at 100 % concentration (1167). The increase in uptake
of Cr at high concentrations, in W1, is in agreement with the
work of (Barocsi et al., 2003; Garcia et al., 2004; and Weis and
Weis 2004) who noticed an increase in Cr uptake with the
increase of concentration in the growth media. In this
experiment, higher Cr uptake was reported at the highest
concentration (100%), except for Calotropis procera which
showed higher uptake at 50% concentration. Similar results
were reported by (Chandra and Sinha 1997) who studied the
ability of Sctipus lausiris, Phraginites karka and Bacopa

monnier for heavy metal accumulation and observed that all

three plant species were able to accumulate Chromium in their
roots.

Manganese (Mn):

Manganese is an essential element for plant to grow. The
available form of manganese is the divalent type which may be
found dissolved in the soil solution or as an exchangeable ion
absorbed by the soil colloids. Toxic level of manganese fell in
the range of 1000-12000 mg/kg (Reeves and Baker, 2000). The
accumulation of manganese in the three investigated plant
species, with the two types of waste water, did not exceed the
toxic levels and they showed different levels of manganese
uptake. Zea mays plant gave significant differences of
manganese uptake between WI and W2. With W1, Zea mays
showed higher values of manganese over the control except at
100% concentration. The highest uptake was shown at 50%
concentration with a value of (2937) over the control, followed
by a value of (353) at 25 % concentration (Table 2). Calotropis
procera with W1, showed slight increase over the control at
25%, 50%and 75% concentrations with a maximum 139 % at
50% concentration, with W2, Calotropis procera plant
exhibited slight increase in uptake over the control at all
concentrations with a maximum value of (173) at 100 %
concentration. The Prosopis chilensis plant exhibited high
uptake patterns for manganese when grown in both types of
waste water (WI and W2) at all concentration except Wlat
concentration 50% , with higher accumulation rate (239.5) with
W2 at concentration 50%. This is in agreement with the work of
(Blayloch and Huang, 2000) who reported that there were
significant differences in the uptake of manganese between
plant species. Also manganese level in this investigation agreed
with the work of Sharma and Dubey (2005) who observed that
manganese and Copper concentrations generally decreased with
the increase in Cr and Zn levels and is limited to the roots and
stems. Moreover, the results are in agreement with data reported
by (Wange et al., 2003).

Iron (Fe):

Data in Table 3 explained that, the uptake of iron obtained
decrease below the control with Zea mays plant grown in WI.
With W2, Zea mays plant showed an increase over the control

with maximum uptake when plant treated with W2 at 75 %
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concentrations, with a mean of (178) over the control. For
Calotropis procera plant grown in W1, an increase over the
control was observed at all concentrations with a maximum at
25 concentrations (170.5). With W2 Calotropis procera plant
indicated an uptake increase over the control, with a maximum
at 100 % concentration, 240 % over the control In case of
Prosopis chilensis plant a decreasing pattern was observed in
both types of waste water, this is in agreement with the work of
Brown et al., 1994, who noticed that the availability of iron for
the plant is controlled, rather sharply, by the pH and that the
concentration of iron arc normally below 1000 micro-g /gram
(Reeves et al., 1999).

Cobalt (Co):

Uptake of Cobalt by Zea mays, Prosopis chilensis and Caloropis
procera plant in the two types of tannery waste water recorded
very low values as shown in Table 4. Few cases are known in
which Cobalt is accumulated by plant species (Brooks et al.,
1977). The low values obtained in this experiment, within the
range of 0.03-2.0 mg/kg, are in agreement with the findings of
Reeves and Baker (2000) who concluded that values obtained
for plant did not exceed 20mg/kg even in Co enriched soils. Zea
mays plant treated with W1 showed an increase over the control
at 50 % and 75 % concentrations with a value of 177% and
166 % respectively. Zea mays plant treated with W2 showed an
increase over the control at 50 % and 100 % concentrations with
a value of 172% and 144 % respectively. Calotropis procera
plant treated with W1 and W2 resulted in an increase over the
control with the highest value (128%) at 75% concentration for
WI and at 50 % concentration (223%) for W2. For Prosopis
chilensis plant treated with W1, an increase over the control was
shown only at 25% concentration with a value of 134.3%.
Accumulation of cobalt differed among plants is in agreement
with what reported by Wang et al., (2003)

Nickel (Ni):

Although Nickel occurs in soil as an inorganic compound or
bound to forms of organic matter and clays, yet it is present in
very low values in plants. It is also known that low
concentration of Nickel may stimulate germination and that
high concentration of the element inhibits shoot and root growth
(Brune and Dietz, 1995).Table (5) represented that treatment

with water type one (w1) showed an uptake decrease in Nickel
below the control in the whole plants with Zea mays, Calotropis
procera and Prosopis chilensis , except Prosopis chilensis at
concentration 25% the Nickel uptake is equal to control (100).
With water type two (W2) treatment, Zea mays recorded slight
increase only at 75% and 100% concentrations, with a
maximum at 100 % concentration (155.7%). Calotropis procera
with W2 exhibited an increase over the control to Ni content at
all concentration with a maximum absorption at 50% for with
(220) %. Prosopis chilensis has shown an uptake decrease of Ni
below the control for the whole plants watered with W1 and
W?2. This result are in agreement with the findings of (Schat et
al., 2000), who recorded that; Ni uptake occurs under combined
metal exposure in Alyssum species.

Copper (Cu):

The importance of Copper for plants metabolism had been
shown by Marschner, (1995) who indicated its essentiality as an
enzyme co - factor.

The water soluble Copper in soil does not normally exceed 1 %
of its total content and the normal concentration of Cu in plants
is within the range of 5-25 mg/kg (Reeves and Baker, 2000). It
is well known that Cu at super levels is highly toxic to plants
(Murphy et al., 1999). The three plant species watered with two
types of tannery waste water (Wl and W2) at four
concentrations (25 %, 50 %, 75 % and 100 %) exhibited low Cu
uptake.

Zea mas gave uptake values for the whole plants below the
control with W1 and W2 (Table 6). Calotropis procera plant
showed (Table 6) an uptake decrease below the control with W
1 and slight increase with W2 at 25 % and 75 % concentration
with a maximum at 25 % concentration (110%).

Prosopis chilensis . The examined whole plants exhibited a
slight increase in Cu over the control at all concentrations with
W2, with a maximum at 50% concentration (120 %). It was
noticed that the Cu content in this experiment was very low.
This is in agreement with the findings of (Salt and Kramer,
2000) who reported that plants Cu concentrations are controlled
with remarkable narrow range. So depend on the results of this
study there is differences in percentage absorption due to

variation in plants, type and concentration of polluted water.
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Table 1: Mean Chromium content (PPM) in Zea mays, Calotropis procera and Prosopis chilensis whole plants grown in sand at different

concentration of two types of waste water (W1 and W2).

Conc Zea mays Calotropis procera Prosopis chilensis

on Mean Mean Mean

% w1 W2 +SD W1 W2 +SD w1 W2 +SD

0 104.54 104.54 i 93.34 93.34 i 334 334 i
(100%) (100%) (100%0) (100%) (100%0) (100%)

25 317.1 14.11 165.62 239.13 33.04 136.0 229.05 21.55 125.3
(303.33) (13.5) +151.5 (256.1) (35.3) +103.05 (685.7) (64.8) +103.8

50 573.09 88.93 331.01 3521.15 25.28 1773.2 229.056 14.62 121.8
(548.2 (85.07) +242.08 (3772) (27.08) +1747.94 (685.7) (43.7) +107.2

75 547.14 13.81 280.48 383.5 107.25 245.38 210.32 17.88 114.3
(523.37) (13.22) +266.67 (410.8) (114.9) +138.13 (630.8) (53.5) +96.4

100 3954.03 190.05 2072.04 700.27 28.77 364.52 389.99 17.8 203.9
(3782.32) (181.8) +1881.99 (750.8) (30.8) +335.75 (1167.6) (53.2) +186.1

712.27 629.7
Mean 1347.84 76.7 +635.5 1211.01 48.4 +581 2 264.7 17.9 141.3+£123.4

(Figures between brackets are the mean expressed as percentage over the control)

Table 2: Mean Mn content (PPM) in Zea mays, Calotropis procera and Prosopis chilensis whole plants grown in sand at different concentration

of two types of waste water (W1 and W2).

Conc. | Zeamays Calotropis procera | Prosopis chilensis
% W1 W2 Mean £SD W1 W2 Mean +SD W1 W2 Mean +SD

0 88.24 88.24 ) 134.42 134.42 ) 65.4 65.4 )
(100%) | (100%) (100%) | (100%) (100%) | (100%)
311.76 156.57 152.34 144.67 82.31 82.31

25 (353.3) (177.4) 234.17+£77.60 (113.3) (107.6) 148.51+3.84 (126.7) | (125.8) 82.61+0.30
2591.66 | 98.96 187.19 217.35 38.04 156.66

50 (2037) (112.11) 1345.31+1246.35 (139.2) (161.69) 202.27+£15.08 (58.1) (239.5) 97.4+59.30
282.83 118.71 171.79 193.66 137.08 70.5

75 (320.5) (134.5) 200.77+82.06 (127.8) | (144.0) 182.73+10.94 (2086) | (107.7) 103.8+33.30
40.59 124.82 124.11 233.64 105.88 80.2 93.04+

100 | 450y | (1ara) | 8273439 923) | (1738) | L/88EEATT 118y | (1226) | 12.80

Mean | 806.71 124.76 465.71+340.97 158.8 197.33 178.06+£19.2 | 90.9 97.4 94.15+3.25

(Figures between brackets are the mean expressed as percentage over the control)

Table 3: Mean Fe content (PPM) in Zea mays, Calotropis procera and Prosopis chilensis whole plants grown in sand at different concentration

of two types of waste water (W1 and W2).

Conc Zea mays Calotropis procera Prosopis chilensis
e Mean Mean Mean
% w1 W2 +SD w1 W2 +SD W1 W2 +SD
0 7525.9 7525.9 - 2279.09 2279.09 - 2133.9 2133.9 -
(100%) (100%) (100%) (100%) (100%) (100%)
25 3055.65 12975.02 8015.35 3885.9 2625.52 3255.71 1816.53 1911.69 | 1864.10
(40.6) (172.4) +4959.69 (170.5) (115.2) +630.19 (85.10) (89.50) +47.6
50 2246.98 10560.7 4603.64 2908.25 2664.59 2786.42 855.6 1218.83 | 1037.22
(29.8) (140.3) +4157.06 (127.6) (116.9) +121.83 (40.09) (57.10) +181.8
75 2307.42 13387.34 7847.38 3493.79 3136.97 3315.38 1631.11 975.37 1303.22
(30.6) (177.8) +5539.96 (149.5) (137.64) +178.41 (76.40) (45.70) +327.9
100 3823.7 9554.15 6688.93 2626.2 5474.45 4050.30 1779.12 1047.88 | 1413.50
(50.8) (126.8) +2865.23 (115.2) (240.2) +1424.13 (83.30) (49.10) +365.6
7238.8 3351.9 1404.40
Mean 2858.30 16619.3 +4380 5 32285 3475.3 +123.4 1520.59 1288.40 111609

(Figures between brackets are the mean expressed as percentage over the control)
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Table 4: Mean Co content (PPM) in Zea mays, Calotropis procera and Prosopis chilensis whole plants grown in sand at different concentration
of two types of waste water (W1 and W2).

Zea mays Calotropis procera Prosopis chilensis
Cone. % w1 W2 2"395‘” w1 W2 2"863” w1 W2 iﬂseé‘”
0 | 036(100%) | 0.36(100%) | ~ | 0.43(100%) | 0.43(100%) | ~ | 14 (100%) | 1.4 (100%) | "
25 | 035(97.2) | 0 (0) iod_lfg 0.5 (116.2) | 0.76 (176.7) fffs 1.88 (134.3) | 1.2 (85.7) J_rldjr’;l
50 | 0.64(177.7) | 062(1722) | 5% | 052(120.9) | 0.96 223.2) | ST | 1.27(90.7) | 054 (386) | 0
75 | 0.16 (166.6) | 0.28 (77.7) iOO.f1146 0.55 (127.9) | 0.55 (127.9) Ofo5 0.21(15) | 0.21 (15) Oi;%l
100 | 0.6 (44.4) | 0.52(144.4) 106?148 0.5(116.2) | 0.67 (155.8) 106?59 0.97 (69.3) | 0.86 (61.4) ¢8285
Mean 0.43 0.47 iOO.f1081 0.51 0.73 10(5?121 1.08 0.7 J_rodigg

(Figures between brackets are the mean expressed as percentage over the control)

Table 5: Mean Ni content (PPM) in Zea mays, Calotropis procera and Prosopis chilensis whole plants grown in sand at different concentration
of two types of waste water (W1 and W2).

Conc Zea mays Calotropis procera Prosopis chilensis
' Mean Mean Mean

[0)

) W1 W2 +SD W1 W2 +SD W1 W2 +SD
0 |6.9(100%) | 69(100%) | ~ | 13.1(100%) | 13.1(100%) | (110%;)) 107 (100%) |
25 |49 (71) | 2.24(35) ff275 10.6 (80.8) | 22.2 (169.7) ig:g (11%'5) 7.9 (74) igi.34
50 |3.79(54.9) | 5.9 (85) 4;814 9.8(74.8) | 28.9(220) 18'2 8.2 (76) | 5.1 (47.7) fl'es
75 | 3.23(46.8) | 7.5(108.8) 3231 9.1(69.6) | 26.5(202) 1;3 6.4 (60) | 5 (47.4) +5687
100 | 5.9 (85.6) | 10.8 (155.7) if_i 9.3(70.8) | 23.6(180) i‘;'_‘z‘ (ég:j) 3.6 (33) 163;?4
Mean 4.46 6.6 fl'Sl 9.7 25.3 3758 8.9 5.4 +71'27

(Figures between brackets are the mean expressed as percentage over the control)

Table 6: Mean Cu content (PPM) in Zea mays, Calotropis procera and Prosopis chilensis whole plants grown in sand at different concentration
of two types of waste water (W1 and W2).

Conc. Zea mays Calotropis procera Prosopis chilensis
S Tw e [ w [ w [ w | ow B
0 (136102) (186102) ) 5352) égéﬁﬂ) ] (%b%}?)) 17.33(100%) |
25 | 1472(76.6) | 17.78(92.6) | 16.25+1.53 | 25.02 (85.6) éigé) 22:2(7;—' &3'9?2) 19.70 (113.6) 18'281
50 | 17.44(90.8) | 18.18(94.7) | 17.81+0.37 | 27.29 (93.4) | 28.61(97.9) 2(7):22’-' (ﬁfg) (12;(5?002) 2(1)-321
75 | 16.46(85.7) | 18.74(97.6) | 17.62+1.14 | 22.99 (78.7) (igél.g) 22:2;* (1(7)'27_2) 17,50 (100.9) 13:?21
100 | 16.92(88.1) | 10.00 (52.1) | 13.46+3.46 | 22.18 (75.9) | 28.27 (96.8) 2;321 14.90 (85.9) | 18.40 (106.1) 1?:?21
Mean 16.30 16.17 16.23+0.06 | 2437 20.83 227.'713* 183 19.1 13:‘711

(Figures between brackets are the mean expressed as percentage over the control)
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Conclusion

The study showed clear differences in the absorption ratio of the
heavy metals by the three plants species, as well as differences
in absorbance associated with the type of water used compared
to the control. The study concluded that for the treatment of
chromium and cobalt pollution, it is preferable to use Zea mays;
the Calotropis procera and the Zea mays plants to remove the
manganese; use of the Calotropis procera to remove iron and
Nickel; and to remove the copper preferred to sustain the

Prosopis chilensis plant.
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