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Abstract - Composting is very cheap and reliable techniques for the solid waste containing organic
matter. If the compost contains contaminants such as heavy metal then it is harm to environment.
Heavy metals are toxic to soil, plants, aquatic life and human health if their concentration is high
in the compost. Heavy metals exhibit toxic effects towards soil biota by affecting key microbial
processes and decrease the number and activity of soil microorganisms. Even low concentration of
heavy metals may inhibit the physiological metabolism of plant. Uptake of heavy metals by plants
and subsequent accumulation along the food chain is a potential threat to animal and human
health. Contaminants in aquatic systems, including heavy metals, stimulate the production of
reactive oxygen species (ROS) that can damage fishes and other aquatic organisms. Hence the
compost has to be use for agriculture it should be free from heavy metals. Therefore, the present
study evaluated the effects of heavy metal containing compost on soil, plants, human health and
aquatic life.
Keywords: Compost. Heavy metals, Human health, Aquatic life etc.
had been recommended. However, some others (like
As, Cd, Pb, and methylated forms of Hg) have been
reported to have no known bio-importance in human
biochemistry and physiology and consumption even at
very low concentrations can be toxic [6].
Heavy metals exert toxic effects on soil
microorganism hence results in the change of the
diversity, population size and overall activity of the
soil microbial communities [7]. Elevated Pb in soils
may decrease soil productivity and a very low Pb
concentration may inhibit some vital plant processes
i.e. photosynthesis, mitosis and water absorption with
toxic symptoms of dark green leaves, wilting of older
leaves, stunted foliage and brown short leaves, stunted
foliage and brown short roots [8]. The metal plant
uptake from soils at high concentrations may result in a
great health risk considering food-chain implications
[9]
. Uptake of heavy metals by plants and subsequent
accumulation along the food chain is a potential threat
to human health. The consumption of heavy metal
contaminated food can seriously deplete some essential
nutrients in the body that are further responsible for
decreasing immunological defenses, intrauterine

Introduction
Composting can be defined as the process in
which of organic waste treatment by aerobic
microorganisms, as such, it comprises three major
phases: mesophilic and thermophilic stages and
cooling (the compost stabilization stage)[1]. It can
reduce the solid waste volume by 40-50% [2],
pathogens are destroy by the metabolic heat generated
by the thermophilic phase, degrade a big number of
hazardous organic pollutants and make available a
final product that can be used as a soil improvement or
fertilizer [3]. If the final product contains high heavy
metals concentration it may be noxious to soil, plants
and human health. Heavy metals uptake by plants and
successive accumulation in human tissues and
biomagnifications through the food chain causes both
human health and environment concerns [4].
Heavy metals are considered one of the major sources
of soil pollution. Heavy metal pollution of the soil is
caused by various metals, especially Cu, Ni, Cd, Zn,
Cr and Pb [5]. Some heavy metals (like Fe, Zn, Ca and
Mg) have been reported to be of bio-importance to
man and their daily medicinal and dietary allowances
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growth retardation, disabilities associated with
malnutrition and high prevalence of upper
gastrointestinal cancer rates [10].
Heavy metals containing agricultural runoff
enter in aquatic environment it may toxic to aquatic
plants and animals. If compastable waste such as
sewage sludge, municipal solid waste and pig manure
contain heavy metals, it may change the composting
process by inhibiting bacterial growth. In the
vermicomposing process heavy metals affects earth
worm life cycle. Therefore, the aim of the present
study was to evaluate the effects of heavy metal
containing compost on soil, plants, human health and
aquatic life as well as effects of heavy metal containing
compostable material on composting process.

decreased according to the sequence Cr > Cd > Zn >
Mn > Pb.
Diversity and activity of soil microbes play
significant roles in recycling of plant nutrients,
maintenance of soil structure, detoxification of noxious
chemicals and the control of plant pests and plant
growth communities are important indices of soil
quality. It is important to investigate the functioning of
soil microorganisms in ecosystems exposed to longterm contamination by heavy metals [17]. Chromium is
commonly present in soils as Cr (III) and Cr (VI),
which are characterized by distinct chemical properties
and toxicities. Cr (VI) is a strong oxidizing agent and
is highly toxic, whereas Cr (III) is a micronutrient and
a non-hazardous species 10 to 100 times less toxic than
Cr (VI) [18]. Cr (VI) has been reported to cause shifts in
the composition of soil microbial populations, and
known to cause detrimental effects on microbial cell
metabolism at high concentrations [14]. Ashraf and Ali
[7]
also reported that the heavy metals exert toxic
effects on soil microorganism hence results in the
change of the diversity, population size and overall
activity of the soil microbial communities and
observed that the heavy metal (Cr, Zn and Cd)
pollution influenced the metabolism of soil microbes in
all cases. In general, an increase of metal concentration
adversely affects soil microbial properties e.g.
respiration rate, enzyme activity, which appears to be
very useful indicators of soil pollutions. In case of soil
contaminated with lead (Pb) slight change was
observed in the soil microbial profile.

Effects on Soil
Soil contamination by heavy metals is of most
important apprehension throughout the industrialized
world [11]. Heavy metal pollution not only result in
adverse effects on various parameters relating to plant
quality and yield but also cause changes in the size,
composition and activity of the microbial community
[12]
. Therefore, heavy metals are considered as one of
the major sources of soil pollution. Heavy metal
pollution of the soil is caused by various metals
especially Cu, Ni, Cd, Zn, Cr, and Pb [11]. The adverse
effects of heavy metals on soil biological and
biochemical properties are well documented. The soil
properties i.e. organic matter, clay contents and pH
have major influences on the extent of the effects of
metals on biological and biochemical properties [13].
Heavy metals indirectly affect soil enzymatic
activities by shifting the microbial community which
synthesizes enzymes [14]. Heavy metals exhibit toxic
effects towards soil biota by affecting key microbial
processes and decrease the number and activity of soil
microorganisms. Conversely, long-term heavy metal
effects can increase bacterial community tolerance as
well as the tolerance of fungi such as arbuscular
mycorrhizal (AM) fungi, which can play an important
role in the restoration of contaminated ecosystems [15].
Chen et al. [16] suggested that heavy metals caused a
decrease in bacterial species richness and a relative
increase in soil actinomycetes or even decreases in
both the biomass and diversity of the bacterial
communities in contaminated soils. Karaca et al [5]
reported that the enzyme activities are influenced in
different ways by different metals due to the different
chemical affinities of the enzymes in the soil system.
Cd is the more toxic to enzymes than Pb because of its
greater mobility and lower affinity for soil colloids. Cu
inhibits b-glucosidase activity more than cellulose
activity. Pb decreases the activities of urease, catalase,
invertase and acid phosphatase significantly.
Phosphatase and sulfatase are inhibits by As (V) but
that urease was unaffected. Cd contamination has a
negative effect on the activities of protease, urease,
alkaline phosphatase and arylsulfatase but no
significant effect on that of invertase. Each soil
enzyme exhibits a different sensitivity to heavy metals.
The order of inhibition of urease activity generally

Effects on Plants
Some of these heavy metals i.e. As, Cd, Hg,
Pb or Se are not essential for plants growth, since they
do not perform any known physiological function in
plants. Others i.e. Co, Cu, Fe, Mn, Mo, Ni and Zn are
essential elements required for normal growth and
metabolism of plants, but these elements can easily
lead to poisoning when their concentration greater than
optimal values19, 20. The use of compost to improve
agricultural yield without caring with possible negative
effects might be a problem since the waste composts
are most applied to improve soils used to grow
vegetables. Considering the edible part of the plant in
most vegetable species, the risk of transference of
heavy metals from soil to humans should be a matter
of concern [9].
Uptake of heavy metals by plants and
subsequent accumulation along the food chain is a
potential threat to animal and human health [21]. The
absorption by plant roots is one of the main routes of
entrance of heavy metals in the food chain [9].
Absorption and accumulation of heavy metals in plant
tissue depend upon many factors which include
temperature, moisture, organic matter, pH and nutrient
availability. The uptake and accumulation of Cd, Zn,
Cr and Mn in Beta vulgaris (Spinach) were higher
during the summer season, whereas Cu, Ni, and Pb
accumulated more during the winter season22. It may
be expected that during the summer season the
relatively high decomposition rate of organic matter is
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likely to release heavy metals in soil solution for
possible uptake by plants. The higher uptake of heavy
metals i.e. Cd, Zn, Cr and Mn during the summer
season may be due to high transpiration rates as
compared to the winter season due to high ambient
temperature and low humidity [22].
Heavy metal accumulation in plants depends
upon plant species and the efficiency of different
plants in absorbing metals is evaluated by either plant
uptake or soil to plant transfer factors of the metals [10].
Elevated Pb in soils may decrease soil productivity,
and a very low Pb concentration may inhibit some vital
plant processes, such as photosynthesis, mitosis and
water absorption with toxic symptoms of dark green
leaves, wilting of older leaves, stunted foliage and
brown short roots [8]. Heavy metals are potentially
toxic and phytotoxicity for plants resulting in
chlorosis, weak plant growth, yield depression, and
may even be accompanied by reduced nutrient uptake,
disorders in plant metabolism and reduced ability to
fixate molecular nitrogen in leguminous plants [23].
Seed germination was gradually delayed in the
presence of increasing concentration of lead (Pb), it
may be due to prolong incubation of the seeds that
must have resulted in the neutralization of the toxic
effects of lead by some mechanisms e. g. leaching,
chelation, metal binding or/and accumulation by
microorganisms [7].

the aquatic ecosystem by way of their food, especially
where fish are present so there exist the potential for
considerable biomagnifications [25]. Contaminants in
aquatic systems, including heavy metals, stimulate the
production of reactive oxygen species (ROS) that can
damage fishes and other aquatic organisms [24]. Fish is
a commodity of potential public health concern as it
can be contaminated with a range of environmentally
persistent chemicals, including heavy metals. The
consumption of fish containing elevated levels of
metals is a concern because chronic exposure to heavy
metals can cause health problems [30]. Mercury (Hg) is
one of the most important pollutants both because of
its effect on marine organisms and it is potentially
hazardous to humans. Methylmercury, which is formed
in aquatic sediments through the bacterial methylation
of organic mercury, is toxic chemicals compound of
mercury, in fact, nearly all of the mercury in fish
muscles occurs as Methylmercury [30]. Transport of
metals in fish occurs through the blood where the ions
are usually bound to proteins. The metals are brought
into contact with the organs and tissues of the fish and
consequently accumulated to a different extent in
different organs or tissues of the fish. There are five
potential routes for a pollutant to enter a fish. These
routes are through the food, non-food particles, gills,
oral consumption of water and the skin. Once the
pollutants are absorbed, they are transported by the
blood to either a storage point (that is, bone) or to the
liver for transformation and storage. If the pollutants
are transformed by the liver, they may be stored there
or excreted in the bile or passed back into the blood for
possible excretion by the gills or kidneys, or stored in
fat, which is an extra hepatic tissue [25].
Benthic
macroinvertebrate
assemblages
contain species with various sensitivities to
contaminants and have been widely used to evaluate
the ecological impacts of metal contamination in
streams. They play vital roles in lotic food webs by
forming a major link between primary producers and
higher trophic levels and in lotic ecosystems by
regulating organic matter decomposition and nutrient
cycling. However, the impact of heavy metals on
macroinvertebrates has not been evaluated in terms of
their food value for fish, even though invertebrates are
an important food source for many moving-water fish
species. It is of particular importance to evaluate the
effects of heavy metal pollution on drift-prone
macroinvertebrates, on which most commercially or
recreationally important salmonid species depend [31].

Effects on Aquatic Environment
Heavy metals are highly persistent, toxic in
trace amounts, and can potentially induce severe
oxidative stress in aquatic organisms. Thus, these
contaminants are highly significant in terms of
ecotoxicology. Moreover, metals are not subject to
bacterial degradation and hence remain permanently in
the marine environment [24]. Contamination of a river
with heavy metals may cause devastating effects on the
ecological balance of the aquatic environment, and the
diversity of aquatic organisms becomes limited with
the extent of contamination [25].
Heavy metals released into aquatic systems
are generally bound to particulate matter, which
eventually settle down and become incorporated into
sediments. Surface sediment therefore is the most
important reservoir or sink of metals and other
pollutants in aquatic environments. Sediment-bound
pollutants can be taken up by rooted aquatic
macrophytes and other aquatic organisms [26]. Because
a major fraction of the trace metals introduced into the
aquatic environment eventually become associated
with the bottom sediments, environmental degradation
by metals can occur in areas where water quality
criteria are not exceeded, yet organisms in or near the
sediments are adversely affected [27]. Diatom
community structure can be affected by high levels of
micropollutants, and in particular by metals, which are
often found in rivers [28, 29]. Once heavy metals are
accumulated by an aquatic organism, they can be
transferred through the upper classes of the food chain.
Carnivores at the top of the food Chain including
humans, obtain most of their heavy metal burden from

Effects on Human Health
The plant uptake of heavy metals from soils at
high concentrations may result in a great health risk
taking into consideration food-chain implications.
Utilization of food crops contaminated with heavy
metals is a major food chain route for human exposure.
The food plants whose examination system is based on
exhaustive and continuous cultivation have great
capacity of extracting elements from soils. The
cultivation of such plants in contaminated soil
represents a potential risk since the vegetal tissues can
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accumulate heavy metals [9]. Heavy metals become
toxic when they are not metabolized by the body and
accumulate in the soft tissues [32]. Chronic level
ingestion of toxic metals has undesirable impacts on
humans and the associated harmful impacts become
perceptible only after several years of exposure [10].
Cadmium (Cd) is a well known heavy metal
toxicant with a specific gravity 8.65 times greater than
water. The target organs for Cd toxicity have been
identified as liver, placenta, kidneys, lungs, brain and
bones [32]. Depending on the severity of exposure, the
symptoms of effects include nausea, vomiting,
abdominal cramps, dyspnea and muscular weakness.
Severe exposure may result in pulmonary odema and
death. Pulmonary effects (emphysema, bronchiolitis
and alveolitis) and renal effects may occur following
subchronic inhalation exposure to cadmium and its
compounds [6]. The Itai-itai disease in Japan brought
the dangers of environmental Cd to world attention. Cd
has been associated to a lesser or greater extent with
many clinical conditions including anosmia, cardiac
failure
cancers,
cerebrovascular
infarction,
emphysema, osteoporosis, proteinuria cataract
formation in the eyes. Yet, it has been difficult to tie
down obvious links of environmental exposures with
morbidity and mortality [33].
Zinc is considered to be relatively non-toxic,
especially if taken orally. However, excess amount can
cause system dysfunctions that result in impairment of
growth and reproduction. The clinical signs of zinc
toxicosis have been reported as vomiting, diarrhea,
bloody urine, icterus (yellow mucus membrane), liver
failure, kidney failure and anemia [6].
Copper (Cu) is an essential element in
mammalian
nutrition
as
a
component
of
metalloenzymes in which it acts as an electron donor
or acceptor. Conversely, exposure to high levels of Cu
can result in a number of adverse health effects.
Exposure of humans to Cu occurs primarily from the
consumption of food and drinking water. Acute Cu
toxicity is generally associated with accidental
ingestion; however, some members of the population
may be more susceptible to the adverse effects of high
Cu intake due to genetic predisposition or disease [34].
Excessive human intake of Cu may leads to severe
mucosal irritation and corrosion, widespread capillary
damage, hepatic and renal damage and central nervous
system irritation followed by depression. Severe
gastrointestinal irritation and possible necrotic changes
in the liver and kidney can also occur. The effects of
Ni exposure vary from skin irritation to damage to the
lungs, nervous system, and mucous membranes [35].
Lead (Pb) is physiological and neurological
toxic to humans. Acute Pb poisoning may results in a
dysfunction in the kidney, reproduction system, liver
and brain resulting in sickness and death [36]. Pb heads
the threats even at extremely low concentrations [37]. A
notablyserious effect of lead toxicity is its teratogenic
effect. Lead poisoning also causes inhibition of the
synthesis of haemoglobin; cardiovascular system and
acute and chronic damage to the central nervous
system (CNS) and peripheral nervous system (PNS).

Other chronic effects include anemia, fatigue,
gastrointestinal problems and anoxia. Lead can causes
difficulties in pregnancy, high blood pressure, muscle
and joint pain [36].
Other effects include damage to the gastrointestinal
tract (GIT) and urinary tract resulting in bloody urine,
neurological disorder and can cause severe and
permanent brain damage. While inorganic forms of
lead, typically affect the CNS, PNS, GIT and other
biosystems, organic forms predominantly affect the
CNS. Lead affects children; particularly in the 2-3
years old range by leading to the poor development of
the grey matter of the brain, thereby resulting in poor
intelligence quotient (IQ). Its absorption in the body is
enhanced by Ca and Zn deficiencies [6].
Chromium (Cr) is the 10th abundant element
in the earth’s mantle and persists in the environment as
either Cr (III) or Cr (VI). Cr (VI) is toxic to plants and
animals, being a strong oxidizing agent, corrosive,
soluble in alkaline and mildly acidic water, toxic and
potential carcinogens [38-40]. The toxicity of Cr (VI)
derives from its ability to diffuse through cell
membranes and oxidize biological molecules [38].
Mercury is toxic and has no known function
in human biochemistry and physiology. Inorganic
forms of mercury cause spontaneous abortion,
congenital malformation and gastrointestinal disorders
(like corrosive esophagitis and hematochezia).
Poisoning by its organic forms, which include
monomethyl and dimenthylmecury presents with
erethism (an abnormal irritation or sensitivity of an
organ or body part to stimulation), acrodynia (Pink
disease, which is characterized by rash and
desquamation of the hands and feet), gingivitis,
stomatitis, neurological disorders, total damage to the
brain and CNS and are also associated with congenital
malformation [6].
As with lead and mercury, arsenic toxicity
symptoms depend on the chemical form ingested.
Arsenic acts to coagulate protein, forms complexes
with coenzymes and inhibits the production of
adenosine triphosphate (ATP) during respiration. It is
possibly carcinogenic in com-pounds of all its
oxidation states and high-level exposure can cause
death. Arsenic toxicity also presents a disorder, which
is similar to, and often confused with Guillain-Barre
syndr-ome, an anti-immune disorder that occurs when
the body’s immune system mistakenly attacks part of
the PNS, resulting in nerve inflammation that causes
muscle weakness [6].
Effects on Composting Process
Heavy metals effects are not limiting up to
soil, plants, and human health but also affect
composting process by changing microbial diversity.
Microorganisms are helpful in degradation of organic
matter; detoxify some organic and inorganic pollutants,
change mobility and bioavailability of heavy metals to
plants. Since heavy metals can affect the microbial
reproduction
and
cause
morphological
and
physiological changes. So the biodegradation
processes might be influenced by toxic heavy metals in
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environment. Microbial enzymes might be affected by
heavy metals due to the potential inhibition to both
enzymatic reactions and complex metabolic processes
[41]
. Heavy metals decrease the phosphatase synthesis
during the composting process [42]. Microorganisms
have to cope with toxic Pb during their growth in the
Pb-contaminated substrates and the exposure of
microorganism to metals always inhibits microbial
growth and activity [41].
Malley et al. [43] studied the effect of heavy
metals Cu and Zn on dehydrogenase and protease
activity of the substrate during vermicomposting by
added three different dosages of Cu and Zn. In this
study it was reported that the highest levels of
dehydrogenase activity were found in the control
substrate compared to substrate with added Cu or Zn
dosages. Activity levels decreased with the addition of
Cu dosage (547, 1094 and 1642 mg/kg) and Zn dosage
(1068, 1780 and 2492 mg/kg). The dehydrogenase
level was highest in the control with no heavy metals
added and decreased with increasing heavy metal
dosage down to dosage 3. Heavy metals may inactivate
enzyme reactions by complexing the substrate, by
reacting with protein-active groups of enzymes, or by
reacting with the enzyme-substrate complex or
indirectly by altering the microbial community which
synthesizes enzymes.
Heavy metals in general are potent inhibitors
of enzymatic reactions. Cu and Cd in addition to
binding with aromatic amino acid residues in enzyme
molecules can also cause oxidative damage of proteins
by the induction of oxidative stress associated with the
production of reactive oxygen species like hydroxyl or
superoxide radicals [44]. The significant impacts of high
Cu and Zn on a vermicomposting system including
accumulation in worm tissue and reductions in the
number of juveniles produced. While Eisenia fetida
earthworm has the potential to be used in the
vermicomposting of organic waste, the level of Cu and
Zn needs to be monitored to ensure the earthworm
population in the system [43].
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Conclusion
Heavy metals containing compost may
change the physical, chemical and biological properties
of soil. These metals uptake by plants from the soil, it
reduces the crop productivity by inhibiting
physiological metabolism. Heavy metals uptake by
plants and successive accumulation in human tissues
and biomagnifications through the food chain causes
both human health and environment concerns. Heavy
metals containing agricultural runoff enter in aquatic
environment, and harm to aquatic plants and animals.
Therefore, if the compost has to be applied in
agriculture it should be free from pathogens and heavy
metals.

11.

12.

13.

References
1.

Neklyudov A.D., Fedotov G.N. and Ivankin
A.N., Intensification of Composting Processes by
Aerobic Microorganisms: A Review. Applied

14.

19

Biochemistry and Microbiology, 44, (1) 6–18
(2008).
Zorpas A.A., Vassilis, I. Loizidou, M. and
Grigoropoulou H., Particle Size Effects on
Uptake of Heavy Metals from Sewage Sludge
Compost Using Natural Zeolite Clinoptilolite.
Journal of Colloid and Interface Science, 250, 1–
4 (2002).
Cai Q.Y., Mob C.H., Wu Q.T., Zenga Q.Y. and
Katsoyiannis A., Concentration and speciation of
heavy metals in six different sewage sludgecomposts. Journal of Hazardous Materials, 147,
1063–1072 (2007).
Wong J.W.C., Selvam A., Speciation of heavy
metals during co-composting of sewage sludge
with lime. Chemosphere, 63, 980–986 (2006)
Karaca A., Cetin, S.C., Turgay O.C., Kizilkaya
R., Effects of Heavy Metals on Soil Enzyme
Activities. In: I. Sherameti and A. Varma (Ed),
Soil Heavy Metals, Soil Biology, Heidelberg 19,
pp 237-265 (2010).
Duruibe
J.O.,
Ogwuegbu
M.O.C.
and
Egwurugwu J.N., 2007, Heavy metal pollution
and human biotoxic effects. International Journal
of Physical Sciences, 2 (5), 112-118 (2007).
Ashraf R. and Ali T.A., Effect of heavy metals on
soil microbial community and mung beans seed
germination. Pakistan Journals of Botany, 39 (2),
629-636 (2007).
Bhattacharyya P., Chakrabarti K., Chakraborty
A., Tripathy S. and Powell M.A., Fractionation
and bioavailability of Pb in municipal solid waste
compost and Pb uptake by rice straw and grain
under submerged condition in amended soil.
Geosciences Journal, 12, (1), 41 –45 (2008).
Jordao C.P., Nascentes C.C., Cecon P.R., Fontes
R.L.F. and Pereira J.L., Heavy metal availability
in soil amended with composted urban solid
wastes.
Environmental Monitoring and
Assessment, 112, 309–326 (2006).
Khan S., Cao, Q., Zheng Y.M., Huang Y.Z. and
Zhu Y.G., Health risks of heavy metals in
contaminated soils and food crops irrigated with
wastewater in Beijing, China. Environmental
Pollution, 152, 686-692 (2008).
Hinojosa M.B., Carreira J.A., Ruız R.G., and
Dick R.P., Soil moisture pre-treatment effects on
enzyme activities as indicators of heavy metalcontaminated and reclaimed soils. Soil Biology &
Biochemistry, 36, 1559–1568 (2004).
Yao H., Xu J. and Huang C., Substrate utilization
pattern, biomass and activity of microbial
communities in a sequence of heavy metalpolluted paddy soils. Geoderma, 115, 139– 148
(2003).
Speira T.W., Kettlesb H.A., Percivalc H.J. and
Parshotam A., Is soil acidification the cause of
biochemical responses when soils are amended
with heavy metal salts? Soil Biology and
Biochemistry, 31, 1953-1961 (1999).
Shun-hong H., Bing P., Zhi-hui Y. Li-yuan C.,
and Li-cheng Z., Chromium accumulation,

Singh et al. Int. J. Res. Chem. Environ. Vol. 1 Issue 2 Oct. 2011(15-21)

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

microorganism population and enzyme activities
in soils around chromium-containing slag heap of
steel alloy factory. Transactions of Nonferrous
Metals Society of China, 19, 241-248 (2009).
Mora A.P., Calvo J.J.O., Cabrera F. and Madejon
E., Changes in enzyme activities and microbial
biomass after ‘‘in situ’’ remediation of a heavy
metal-contaminated soil. Applied Soil Ecology,
28, 125–137 (2005).
Chen G.Q., Chen Y., Zeng G.M., Zhang J.C.,
Chen Y.N., Wang L. and
Zhang W. J.,
Speciation of Cadmium and Changes in Bacterial
Communities in Red Soil Following Application
of Cadmium-Polluted Compost. Environmental
Engineering Science, 27 (12), 1019- 1026 (2010).
Wang Y. P., Shi J.Y., Wang H., Li, Q., Chen X.C.
and Chen Y.X., The influence of soil heavy
metals pollution on soil microbial biomass,
enzyme activity, and community composition
near a copper smelters. Ecotoxicology and
Environmental Safety, 67, 75–81 (2007).
Garnier J., Quantin C., Martins E.S. and Becquer
T., Solid speciation and availability of chromium
in ultramafic soils from Niquelandia, Brazil.
Journal of Geochemical Exploration, 88, 206–
209 (2006).
Garrido S., Campo G.M.D., Esteller M.V., Vaca
R. and Lugo J., Heavy metals in soil treated with
sewage sludge composting, their effect on yield
and uptake of broad bean seeds (Vicia faba L.).
Water, Air, and Soil Pollution, 166, 303–319
(2002).
Rascio N. and Izzo F.N., Heavy metal
hyperaccumulating plants: How and why do they
do it? And what makes them so interesting? Plant
Science, 180, 169–181 (2011).
Sprynskyy M., Kosobucki P., Kowalkowski T.
and Buszewsk B., Influence of clinoptilolite rock
on chemical speciation of selected heavy metals
in sewage sludge. Journal of Hazardous
Materials ,149, 310–316 (2007).
Sharma R.K., Agrawal M. and Marshall F.,
Heavy metal contamination of soil and vegetables
in suburban areas of Varanasi, India.
Ecotoxicology and Environmental Safety, 66,
258–266 (2007).
Guala S.D., Vega F. A. and Covelo E.F., The
dynamics of heavy metals in plant–soil
interactions. Ecological Modelling, 221, 1148–
1152 (2010).
Woo S., Yum S., Park H.S. Lee T.K., Ryu J. C.,
Effects of heavy metals on antioxidants and
stress-responsive gene expression in Javanese
medaka (Oryzias javanicus). Comparative
Biochemistry and Physiology, Part C, 149, 289–
299 (2009).
Ayandiran T.A., Fawole O.O., Adewoye,S.O. and
Ogundiran M.A., Bioconcentration of metals in
the body muscle and gut of Clarias gariepinus
exposed to sublethal concentrations of soap and
detergent effluent. Journal of Cell and Animal
Biology, 3 (8), 113-118 (2009).

26. Peng K., Luo C., Luo L., Li, X. and Shena Z.,
Bioaccumulation of heavy metals by the aquatic
plants Potamogeton pectinatus L. and
Potamogeton malaianus Miq. and their potential
use for contamination indicators and in
wastewater treatment. Scince of the Total
Environmen,t 392, 22-29 (2008).
27. Gurrieri J.T., Distribution of metals in water and
sediment and effects on aquatic biota in the upper
Stillwater River basin, Montana. Journal of
Geochemical Exploration, 64, 83–100 (1998).
28. Morin S., Vivas-Nogues M., Duong T.T.,
Boudou A., Coste M., and Delmas F., Dynamics
of benthic diatom colonization in a
cadmium/zinc-polluted
river
(Riou-Mort,
France). Fundamental and Applied Limnology,
168 (2) 179–187 (2007).
29. Jongea M.D., Vijverb B.V., Blusta R., and
Bervoetsa L., Responses of aquatic organisms to
metal pollution in a lowland river in Flanders: A
comparison of diatoms and macroinvertebrates.
Since of the Total Environment, 407, 615-629
(2009).
30. Soliman Z. I., A Study of Heavy Metals Pollution
in Some Aquatic Organisms in Suez Canal in
Port- Said Harbour. Journal of Applied Sciences
Research, 2(10), 657-663 (2006).
31. Iwasaki Y., Kagaya T., Miyamoto K. and
Matsuda H., Environmental Effects of Heavy
Metals on Riverine Benthic Macroinvertebrate
Assemblages With Reference to Potential Food
Availability for Drift-Feeding Fishes. Toxicology
and Chemistry 28 (2) 354–363 (2002).
32. Sobha K., Poornima A., Harini P., and Veeraiah
K., A study on biochemical changes in the fresh
water fish, catla catla (hamilton) exposed to the
heavy metal toxicant cadmium chloride.
Kathmandu University Journal of Science,
Engineering and Technology, 1 (4), 1-11 (2007).
33. Lalor G.C., Review of cadmium transfers from
soil to humans and its health effects in the
Jamaican environment. Science of the Total
Environment, 400, 162 – 172 (2008).
34. Stern B.R., Solioz M., Krewski D., Aggett P.,
Aw T. C., Baker S., Crump K., Dourson M.,
Haber L., Hertzberg R., Keen C., Meek B.,
Rudenko L., Schoeny R., Slob, W. and Starr T.,
Copper and human health: biochemistry,
genetics, and strategies for modeling doseresponse relationships. Journal of Toxicology and
Environmental Health, Part B, 10, 157–222
(2007).
35. Argun M.E., Dursun S., Ozdemir C., Karatas M.,
Heavy metal adsorption by modified oak
sawdust: Thermodynamics and kinetics. Journal
of Hazardous Materials, 141, 77–85 (2007).
36. Odum H.T., 2000, Back Ground of Published
Studies on Lead and Wetland. In: Howard T.
Odum (Ed), Heavy Metals in the Environment
Using Wetlands for Their Removal, Lewis
Publishers, New York USA, pp. 32 (2000).

20

Singh et al. Int. J. Res. Chem. Environ. Vol. 1 Issue 2 Oct. 2011(15-21)
37. Kazemipour M., Ansari M., Tajrobehkar S.,
Majdzadeh M., and Kermani H.R., Removal of
lead, cadmium, zinc, and copper from industrial
wastewater by carbon developed from walnut,
hazelnut, almond, pistachio shell, and apricot
stone. Journal of Hazardous Materials, 150,
322–327 (2008).
38. Shaffer R.E., Cross J.O., Pehrsson S. L. R., and
Elam W.T., Speciation of chromium in simulated
soil samples using X-ray absorption spectroscopy
and multivariate calibration. Analytica Chimica
Acta, 442, 295–304 (2001).
39. Jeyasingh J. and Philip L., Bioremediation of
chromium contaminated soil: optimization of
operating parameters under laboratory conditions.
Journal of Hazardous Materials B, 118, 113–120
(2005).
40. Huang S., Peng B., Yang Z., Chai L. and Zhou
L., Chromium accumulation, microorganism
population and enzyme activities in soils around

41.

42.

43.

44.

21

chromium-containing slag heap of steel alloy
factory. Transactions of Nonferrous Metals
Society of China, 19, 241-248 (2009).
Huang D.L., Zeng G.M., Feng C.L., Hu S., Zhao
M.H., Lai C., Zhang Y., Jiang X. Y., and Liu H.
L., Mycelial growth and solid-state fermentation
of lignocellulosic waste by white-rot fungus
Phanerochaete chrysosporium under lead stress.
Chemosphere, 81, 1091–1097 (2010).
Garcfa C., Moreno J. L., Hernfindez T. and Costa
F., Effect of composting on sewage sludges
contaminated with heavy metals. Bioresource
Technology, 53, 13-19 (1995).
Malley C., Nair J. and Ho G., Impact of heavy
metals on enzymatic activity of substrate and on
composting worms Eisenia fetida. Bioresource
Technology, 97, 1498–1502 (2006).
Baldrian P., 2003, Interactions of heavy metals
with white-rot fungi. Enzyme and Microbial
Technology, 32, 78–91 (2003).

