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Abstract

Pot experiments with soil from two heavy metals contaminated sites were conducted. The objective of the experiment was to test red mud
as an inorganic soil amendment to reduce heavy metal uptake and to alleviate toxicity in tomato (variety- Ratan) and wheat (variety- Agrani)
crops. Iron (Fe) oxides contained in red mud, a byproduct of the aluminum industry, reduced soil to plant transfer of zinc (Zn), nickel (Ni),
cadmium (Cd), and chromium (Cr). In Hazaribagh soil, tomato fruit yield (dry weight) increased by 72%. Shoot length and biomass pro-
duction were positively influenced by red mud containing high amounts of Fe,03. Heavy metal uptake into tomato plants was significant-
ly ameliorated in both soil. On Tejgaon soil the effect of red mud on wheat grain yield production was not significantly different but the
ameliorative effect of red mud application was clearly observed in the wheat grain samples for Tejgaon soil.
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Introduction

Bangladesh has at present about 30,000 large and small
industrial units. They are discharging their wastes and efflu-
ents into the natural ecosystems in most cases without any
treatment thus causing environmental pollution especially
with heavy metals and organic toxics. These hazardous
wastes and effluents are generally discharged in low-lying
areas, along road side or in the vicinity of the industrial
installations. Trace metal contaminated sites are of growing
concern and there is a strong need for remediation of these
sites. Remediation aims at protecting humans, animals and
the environment from exposure to hazards and interrupting
the pathways of pollutants (Tadesse et al., 1994).

Considerable research has been directed towards less expen-
sive remediation in-situ technologies that remove metal con-
taminants from soils. Soil washing methods are based on
using extractants to cationic heavy metals from contaminat-
ed soil (Ganguly et al., 1998). Unfortunately, field applica-
tion of soil washing remediation methods is limited to sandy
soils with clay and humic content values <15% (Rulkens et
al., 1998).

Treatment of soils contaminated by trace metals is classical-
ly based on the application of lime and phosphates and the
addition of organic matter (Kabata and Pendias, 1992). The
addition of lime, however, does not always deliver the aimed

effects on the solubility of trace metals (Benninger and
Taylor, 1993). Immobilization of Pb and Cd in soil by either
synthetic or natural zeolites reduced the Pb, Cd, Cu, and Zn
contents of plant tissues (Chlopecka and Adriano, 1996). The
hydrous oxides of Al, Fe and Mn are also known to reduce
metal mobility in soils through specific sorption processes
(Mench et al., 1994).

In soil, heavy metal can be sorbed and immobilized by a
large variety of substances, such as the different iron oxides
and clay minerals (Tiller et al., 1984). Common inorganic
soil components with significant binding ability for the trace
metals are iron oxides. Studies have shown that Fe oxides
have a binding performance for specific metals (Yong et al.,
1992), which becomes important when high levels of sever-
al metals are applied to soils. With high concentrations of
metals added, the capacity of specific sorption sites (strong-
ly bound metals) could be exceeded and the metal cations
would compete with the bulk cations for adsorption sites.
Rule and Martin (1999) reported that biosolids treated with
Fe-Rich™ (Fe-Rich Trace Metals) sorbed significantly more
of all metals with the exception of Pb compared with the
untreated biosolids. The proportions of the metals sorbed to
the Fe-Rich™ followed the order Pb > Cu > Cd > Zn.
Significant reduction in Pb availability was also seen in
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some of the compost amended and iron rich amended soil
treatments (Brown et al., 1999). Available data on the impact
of industrial pollution in Bangladesh especially on soils and
crops and the mobility in the human food chain are quite lim-
ited. No systematic research work has yet been done on the
amelioration of heavy metal uptake into crops from polluted
soils. During the course of this research work, oxides of iron
(as red mud) were tested as additives in two contaminated
soil of Bangladesh, in order to remediate heavy metals from
those soil.

Materials and Methods

Pot experiments were conducted with heavy metals contam-
inated soil (0-15 cm depth) from Tejgaon industrial and
Hazaribagh tannery areas. The characteristics of Tejgaon and
Hazaribagh soil is given in Table I.

Table 1. The characteristics of Tejgaon and Hazaribagh
soil

Parameter Tejgaon soil Hazaribagh soil

pH 5.67 7.08

%C 8.24 1.02

%N 0.74 0.16

P mg/kg 415 229

K mg/kg 243 213

Mn mg/kg 300 300

Pb mg/kg 136 24.6

Zn mg/kg 685 133

Cr mg/kg 173 11000

Cd mg/kg 2.6 0.08

Cu mg/kg 99.7 115

Ni mg/kg 40.1 21

Hg pg/kg 581 37

Texture Clay loam Clay loam

Plastic pots were filled with 8 kg soil. Basal dose of fertiliz-
er was added at low rate (175 kg N/ha, 120 kg P,Os/ha and
200 kg K,O/ha) for tomato (variety-Ratan) (1 plant/pot) and
(120 kg N/ha, 60 kg P,0s/ha and 100 kg K,O/ha) for wheat
(variety-Agrani) (3 plants/pot) (BARC, 1997) and red mud
(collected from the aluminium  industry in
Mosonmagyarovar, Hungary and analyzed at Seibersdorf,
Austria) at a rate of 80 mg/pot was added as remedial meas-
ures having 3 replications. Wheat was grown only on
Tejgaon soil. There were three control pots (without red
mud) for each soil and crop. The composition of red mud
used in this experiment is given in Table 1l. The pots were
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arranged in a completely randomized design. The plants
were irrigated with distilled water whenever required. The
crops were harvested at maturity.

Soil samples were digested with HCI:HNO; (3:1). Plant and
tomato fruit samples were digested with a HNO3:HCIO,4(5:1)
mixture in closed systems (Blum et al., 1996). All elements
were determined in the extracts by Atomic Absorption
Spectroscopy (AAS), (Model AA-640 IF, Shimadzu
Corporation, Japan). The results of the experiment were sta-
tistically analyzed and the mean comparisons were made by
DMRT (Duncan's Multiple Range Test).

Table I1. Chemical composition of red mud from the alu-

minum industry in Mosonmagyarovar
(Hungary)

Red mud (%)

Al,O; 14.7-17.3

Na,O Total 8.5-9.6

Na,O Soluble 0.6-0.9

Fe,04 39.0-43.0

Sio, 12.5-14.0

TiO, 4.5-5.2

Ca0O 4.30-5.8

Results and Discussion
Growth and yield parameters

In case of Hazaribagh soil, red mud ameliorated tomato plant
growth and yield parameters significantly (Table III).
Tomato fruit yield was found to increase by 72%. Shoot
length and biomass production were positively influenced by
red mud containing high amounts of Fe,O5 .

For Tejgaon soil, the tomato fruit fresh weight and shoot
length increased by 76% and 23%, respectively. But tomato
fruit yield (FW) and shoot length in Hazaribagh soil
increased by 75 and 35% respectively (Table I11) might be
due to the ameliorative effect of red-mud. On Tejgaon soil
wheat grain yield production was not significantly different
(Table 1V).
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Table I11. Influence of red mud application on tomato yield (g/pot) parameters

Parameters Hazaribagh soil Hazaribagh soil+Red mud Tejgaon soil Tejgaon soil+red mud
Shoot length (cm) 37a 50 b 43a 53b

Root length (cm) 29a 32a 3la 33a
FW-tomato fruit 238a 417 b 237a 419b
FW-Shoot T4a 151 b 76 a 73a
FW-root 14 a 16 a 15a 17 a
DW-tomato fruit 39a 67 b 41 a 63 b
DW-Shoot 16a 35b 15a 14 a
DW-root 4a 5a 5a 6a

Mean values within a row with the same letter (s) is not significantly different (P=0.05).

Table IV. Effect of red mud application on wheat yield
parameters grown in Tejgaon soil

Parameters Tejgaon soil | Tejgaon soil+Red mud
Shoot length (cm) 68 a 71a
FW-Shoot 42 a 46 a
FW-grain 25a 26 a
DW-Shoot 36 a 41 a
DW-grain 21a 22a
1000 grain wt 26 a 30a

Mineral nutrition and heavy metal

The chemical analysis of tomato shoot and fruit samples
clearly reflected the heavy metal toxicity of the tomato plant
(Tables V and VII), e.g. heavy metal chlorosis was clearly

demonstrated by the very low Fe contents in tomato shoots
in unamended soils.

In Hazaribagh soil, red mud amended pot exhibited signifi-
cantly lower content of N, Mg and slightly lower S content
in shoots (Table V) and in fruits significantly lower N, S and
Ca content (Tables VII). On the other hand, K and Ca con-
centration increased in shoot and also K in fruits increased.

In Tejgaon soil the N, P, S and K contents in shoots and K in
tomato fruits were increased by red mud amendments but uptake
of other micro-nutrient was decreased in shoot and fruits.
Similar results were also found in case of wheat (Table V1).

Heavy metal uptake was significantly ameliorated in both
soil. Manganese contents in tomato shoots in Hazaribagh

Table V. Influence of red mud application on mineral nutrition of tomato shoot

Rice shoot Hazaribagh soil Hazaribagh soil + red mud Tejgaon soil Tejgaon soil + red mud
N (%) 244 b 2.16 a 2.18 a 249 b
P (%) 0.23b 0.33¢c 0.18 a 0.24 b
S (%) 1.80b 159a 1.62a 2.33¢c
K (%) 0.80 a 192b 122 a 2.14b
Mg (%) 1.19¢ 0.82b 0.92b 0.58 a
Ca mg/kg 4124 a 4781 ab 5110 b 4296 ab
Fe mg/kg 12a 93.0b 1l1la 111 b
Mn mg/kg 151 b 157 b 151 b 82a
Cu mg/kg 30b 10a 18 a 15a
Zn mg/kg 38.67 a 26.49 a 203.19 ¢ 102.33 b
Ni mg/kg 0.87b 0.30 a 0.89 a 0.76 a
Pb mg/kg 0.87b 0.54 b 122¢ 0.46 a
Cd mg/kg 0.03 a 0.0l a 0.34b 0.03a
Cr mg/kg 26.70 c 1753 b 451a 211a

Mean values within a row with the same latter (s) is not significantly different (P=0.05).
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soil were not significantly different though its concentration
was above the toxic limit (40-100 mg Mn/kg). In Tejgaon
soil, red mud diminished Mn uptake by 46 and 59.7 % in
tomato and wheat shoots, respectively. Cu, Zn, Ni and Cd
concentrations in wheat shoot was significantly decreased by
red mud application (Table IV). The similar ameliorative
effect of red mud application was also observed in wheat
grain (Table VIII).

Red mud application reduced Cu, Zn, Ni, Pb, Cd and Cr con-
tents in shoot of tomato by, 66.7, 31.5, 65.5, 37.9, 96.7 and
34.3%, respectively, compared with the untreated pots with
Hazaribagh soil (Table V). In Tejgaon soil, Cu, Ni and Cr
contents in tomato shoot were not significantly different
between red mud amended and unamended soils, while 49.6,
62.3 and 91.2% less Zn, Pb and Cd concentrations were
observed due to red mud application, respectively (TableV).
In Tejgaon soil, the Mn, Cu, Zn, Ni and Cd concentration of
wheat shoot decreased significantly for red mud application
(TableVl).

The ameliorative effect of red mud application was also
clearly observed in the tomato fruit samples for both soils.
Zinc, nickel, lead, cadmium and chromium uptake by toma-
to fruit diminished by 25.03, 21.68, 66.6, 85.7 and 82.52 %,
respectively, due to red mud application in Hazaribagh soil
(Table V1I).

In Tejgaon soil, the fruits of tomato exhibited 76.5, 11.8,
80.14, 92.6, 27.2 and 83.5% lower Cu, Zn, Ni, Pb, Cd and Cr

Amelioration of Heavy Metals from Contaminated

44(4) 2009

Table VI. Influence of red mud application on mineral
nutrition of wheat shoot

Wheat shoot | Tejgaon soil Tejgaon soil + red mud

N (%) 111 a 119a

S (%) 0.29 a 0.34a

P (%) 0.09 a 0.10 a

K (%) 2.06 a 2.08 a

Mg (%) 0.74 a 0.78 a

Ca mg/kg 12213 a 14101 a

Mn mg/kg 395 b 159 a

Cu mg/kg 551b 4.36 a

Zn mg/kg 171143 b 822.33 a

Ni mg/kg 12.12 b 448 a

Pb mg/kg 1.68 a 121a

Cd mg/kg 0.63b 0.35a

Cr mg/kg 1.77 a 1.47 a

Mean values within a row with the same latter (s) is not sig-
nificantly different (P=0.05).

concentrations on red mud treated pots compared to the
untreated pots (Table VII).

The ameliorative effect of red mud application was also
clearly observed in the wheat grain samples for Tejgaon soil.
Zinc, nickel, lead, cadmium and chromium uptake by wheat
grain diminished by 15.6, 37.2, 8.1, 25.0 and 75.1%, respec-
tively, due to red mud application in Tejgaon soil (Table
VIII).

Table VII. Influence of red mud application on mineral nutrition of tomato fruit

Rice grain Hazaribagh soil Hazaribagh soil+red mud Tejgaon soil Tejgaon soil+red mud
N (%) 1.88 a 149 a 150 a 1.35a
P (%) 0.2la 0.20 a 0.36 b 0.14a
S (%) 0.89 a 0.32b 0.62d 0.50c
K (%) 0.32 ab 0.37b 0.28 a 0.36b
Mg (%) 0.78 a 0.68a 0.88 a 0.65a
Ca mg/kg 500.1 b 387.78 a 531.78 b 464.9 ab
Fe mg/kg 186 a 286 a 196 a 216 a
Mn mg/kg 32a 25a 91b 26 a
Cu mg/kg 20 ab 24 ab 34b 8a
Zn mg/kg 28.60 b 21.44 a 48d 42.33¢c
Ni mg/kg 0.83b 0.65 ab 141c 0.28a
Pb mg/kg 0.27a 0.09a 435h 0.32a
Cd mg/kg 0.07b 0.01a 0.11d 0.08 ¢
Cr mg/kg 5.33¢ 0.93 ab 176 b 0.29a

Mean values within a row with the same latter (s) is not significantly different (P=0.05).
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Table VIII. Influence of red mud application on mineral
nutrition of wheat grain

Wheat grain Tejgaon soil Tejgaon soil + Red mud
N (%) 2.58a 272 a

P (%) 049 a 0.52 a

S (%) 0.22a 0.26 b

K (%) 0.43a 0.54 b

Mg (%) 0.21a 0.41b

Ca mg/kg 1221.05a 1433.66 a

Mn mg/kg 51.33a 50.76 a

Cu mg/kg 7.49b 571 a

Zn mg/kg 256.09 a 216.09 a

Ni mg/kg 10.44 b 6.55 a

Pb mg/kg 0.61a 0.56 a

Cd mg/kg 0.08 a 0.06 a

Cr mg/kg 2.77b 0.69 a

Mean values within a row with the same latter (s) is not sig-
nificantly different (P=0.05).

Discussion

In case of the Hazaribagh soil, red mud ameliorated plant
growth and yield parameters significantly. Wheat grain
yield, 1000 grain weight, shoot length and biomass produc-
tions were positively influenced as well. Similar trends in
increasing yield of rice crops due to red mud application
were reported by Chamon et al., (2005). The increase in
yield production was probably because of the liming effect
of the remnant alkali in the red mud. On the contrary, in
Tejgaon soil the effect of red mud on wheat grain yield (FW)
production was not significant. But there was an increasing
trend of wheat yield production was observed in red mud
treated pots. On Tejgaon soil P, K and S contents in tomato
fruit were significantly lower on red mud treated pots com-
pared to the control. Also on Hazaribagh soil, significantly
lower N and S contents in tomato shoot were observed on
red mud treated pots. Because of the sorption mechanism of
red mud after application to the respective soils may have
caused reductions in some of the macronutrient elements by
tomato fruits in our experiments.

In Hazaribagh and Tejgaon soils Mn contents were less in the
fruits of tomato and grains of wheat, due to red mud applica-
tion. Red mud application reduced Cu, Zn, Ni, Pb, Cd and Cr
content in shoots of tomato, compared with the untreated
pots with Hazaribagh soil. Amorphous Fe oxide is capable of
specifically retaining Zn and Cd. This was reported by Friesl
et al., (2000).

In Tejgaon soil, Cu, Ni and Cr uptake by tomato shoots were
not significantly different between the treatments, while the
contents of Zn, Pb and Cd were less due to red mud applica-
tion. A similar ameliorative effect of red mud application
was also clearly observed in the grain samples of rice for
both soils (Chamon et al., 2005). Red mud application
reduced Cd uptake into Festuca rubra (second cut) by 73%,
Zn (73%), and Ni (87%) on Weyersdorf (WEY, sandy,
acidic) and Cd (42%), Zn (63%) on Untertiefenbach (clayey,
neutral) soils, as reported by Friesl et al., (2000). According
to Phillip (1998), metal affinity sequence for the red mud fol-
lowed the general order: Pb?* Cu?*>Zn?*. In our case more
or less similar trend was observed (Ni>Cu>Pb>Zn).

Iron and Mn oxides are known to absorb or complex metal-
lic ions. Several studies have been undertaken to determine
the influence of these oxides on the extractable concentra-
tions of metals in soils (Brown et al., 1999).

Nuruzzaman et al., (1995) reported values for Cr (1340) in
the same site on Hazaribagh tannery area, which was much
above the permissible limit (100 mg/kg) (Kloke, 1980), and
quite similar to our investigation. The addition of red mud
may be suggested as a way to control heavy metal mobility,
especially Cr in soil.

Conclusion

The experiment showed that in principle, the taken measures
i.e application of red mud and selection of plant species ame-
liorated plant growth and/or heavy metal toxicity. Applied in
small amounts, the ferric oxides, present in red mud led to an
increase in biomass production and improved yield for toma-
to plants and caused significant reductions of soil to plant
transfer of Zn, Cu, Ni, Cd and Cr. Heavy metal uptake into
tomato plants was significantly ameliorated in both soil. On
Tejgaon soil the effect of red mud on wheat grain yield pro-
duction was not significantly different but the ameliorative
effect of red mud application was clearly observed in the
wheat grain samples for Tejgaon soil. In summary, it may be
stated that selection of plant species and soil amendments
caused partly significant reductions of heavy metal accumu-
lation from contaminated soils. Nevertheless, for the opti-
mization of the reduction effects, it is necessary to select and
combine the different methods according to site specific and
variety/plant specific characteristics.
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