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Abstract.- Industrial ~wastes contain a variety of toxic chemicals, including heavy metals, which are
carcinogenic and mutagenic. Heavy metals when present beyond traces are toxic to humans. Initially these may
combine with proteins and may not cause any poisoning but when their concentration exceed the threshold level, they
become a real health concern. These toxic metals interact with essential cellular components through covalent and
ionic bonding. At high levels, both essential and non-essential metals can damage cell membrane, alter enzyme
specificity, disrupt cellular function and damage the structure of DNA. Chromium is one of the major components of
tanneries waste. Several toxic effects are associated with exposure to chromium compounds, including increased
incidence of certain cancers, toxic towards living cells, tissue and organisms serious damage to such major organs as
lung, liver and kidneys, pulmonary fibrosis and chronic bronchitis, skin ulcers, allergic dermatitis, lung cancer and
mutagenic effect on bacteria and impairment of primary immune responses. Chromium VI induces chromosomal
aberrations, mutations and transformation in cultured mammalian cells, variety of DNA lesions such as DNA single-
strand breaks, alkali-labile sites, and DNA-protein cross links in kidneys, liver and lung nuclei and Chinese hamster
ovary, mouse embryo firoblast and osteosarcoma cell. Cr VI selectively inhibits the activity of enzymes such as
glutathione reductase. Chromium is an industrial carcinogen. The potential cancer risk in human extends to all forms
of chromium and to total chromium. Carcinogenic chromium VI is persistent environmental contaminant with
potential threat for human exposure through drinking water. Exposure of human being to Cr caused chronic hepatitis,
liver cirrhosis and there is a potential for increased respiratory cancer risk. Lung cancer rates and death rates increased
by gradient level of exposure to trivalent (insoluble) and to hexavalent (soluble) chromium.

Key words: Chromium toxicity, hexavalent chromium, trivalent chromium, gentoxicity.

INTRODUCTION the result of industrialization, urbanization and
phenomenal population growth (Fitzgerald, 1993).

Cities are becoming more and more polluted every

()ne of the major threats facing humanity day due to increasing discharge of untreated

in the present times is environmental pollution. It is industrial and municipal wastes into the rivers and
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coastal waters.

The intensive development of industries and
water disposal without efficient emission control, to
protect the ambient environment, may cause the
accumulation of high amount of heavy metals in
soils, which cannot be degraded by any natural
biological process. Consequently these harmful
substances have entered the food chain of man.
These heavy metals have long half-lives and
accumulate in  the tissues (Moore and
Ramamoorthy, 1984) and have varying toxic
potentials in the soil (Mukerjee, 1998). At low
concentrations heavy metals are essential to living
system but are toxic at sufficiently high supra
optimal concentrations (Wood and Wang, 1985;
Klerk and Weiss, 1987; Dean-Ross and Mills, 1989;
Christensen, 1995; Bruins et al, 2000). Their
toxicity occurs through displacement of essential
metals from their natural native binding sites or
through ligand interaction. Toxicity results from
alterations in conformational structure of nucleic
acid and protein interference with oxidative
phosphorylation and osmotic balance (Poole and
Gadd, 1989).

Industrial wastes contain a variety of toxic
chemicals (Gilberg, 1974), including heavy metals,
which are carcinogenic and mutagenic (Moore and
Ramamoorthy, 1984; Gilberg, 1974; Degraeve,
1981; Chang et al., 1998; Hamilton et al., 1998;
Zhitkovich et al., 1998). Heavy metals when present
beyond traces are toxic to humans. Initially these
may combine with proteins and may not cause any
poisoning but when their concentration exceed the
threshold level, they become a real health concern
(Jaffar, 1988). These toxic metals interact with
essential cellular components through covalent and
ionic bonding. At high levels, both essential and
non-essential metals can damage cell membrane,
alter enzyme specificity, disrupt cellular function
and damage the structure of DNA (Bruins et al.,
2000; Blasiak et al., 1999).

Contamination of the ecosystem by heavy
metals is extremely pernicious because these
contaminants are environmentally persistent.
Metallurgical industries, chemical plants, thermal
power plants and mining activities are mostly
responsible for discharging heavy metals into the
environment. In addition to the domestic emission,

there are heavy metals, which are transported over
long distances within air masses and eventually
contaminate ecosystems. These are deposited by dry
and wet deposition into the terrestrial and aquatic
ecosystems of Asia, Europe and other countries, as
well as return fluxes from these ecosystems to the
air (Ruhling et al, 1992; Pacyna et al, 1993;
Ebinghaus et al., 1995).

Industrial wastes laden with heavy metal are
posing serious problems in Pakistan where the
environmental awareness is abysmally low. Waste
recycling treatments and disposal of effluents is not
according to world standards. In the province of
Punjab, there are about 46,000 industrial units of
various categories, out of which 4,600 units are
considered to be the major contributors of pollution
(Khalil et al., 1991).

In Kasur the effluents from tanneries are
discharged in open fields, rendering the agricultural
land into waste land and the atmosphere absolutely
smelly and the air unbreathable. The water of
Bangla Kamboan (Kasur) has been reported to be
harmful even for irrigation (personal
communication). Hasnain and Sabri (1992) have
reported the presence of toxic metals in
concentration much higher than permissible limits in
the industrial wastewaters of Lahore.

Chromium

Chromium is the 21* most abundant element
in the earth’s crust (Krauskopf, 1979). It is a
naturally occurring element found in soil, water, air,
rocks, plant, volcanic dust, gases and other
biological materials (Wood and Wang, 1985, Goyer,
1986). Another source of chromium is chemical
emissions in the manufacturing industry. It is ash
gray in colour and chromium compounds have no
taste and odor. Cr is # 24 on the periodic table. The
concentration ranges from 0.1 ng/m’ in rural areas
to 0.03 pg/m’ in industrial cities. The ground state
electron configuration for the chromium atom is Is?
2s%p° 3s7p®3d’ 45>,

Seventy percent of the world’s chromite ore
((Fe, Mg) O (Cr. Al, Fe), O3) occurs in South
Africa, followed by Albania, Turkey, India, and
Zimbabwe. The stratiform-type of chromium ore
deposition also occurs in northern Finland. The size
of the deposition may ensure production for the next
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hundred years, whereas world production is about
11x10° t years” (International agency for Research
on Cancer, 1990).

The fate of chromium in soil is partly
controlled by redox potential and soil pH. The
behavior of four forms of chromium ie. low
trivalent forms (Cr3+ cation and CrO7, anion) and
two hexavalent forms (Cr, 0O,% ~ anion and CrO,* -
anion) in soils are of most interest. Past studies
indicate that chromium III is less toxic than
chromium VI. It is relatively immobile and low in
reactivity in the environment due to its strong
adsorption capacity onto soils (Amacher and Baker,
1982; Bartlett and James, 1988). In contrast,
chromium VI is highly unstable and mobile since it
is poorly adsorbed onto soils under natural
conditions (Bartlett and James, 1988; Weng et al.,
1994).

Adsorption and complication with MnO,
inhibit the mobility of chromium III in the soil
matrix; as a result, a large part of any chromium III
will not be oxidized to chromium VI, even in the
presence of MnO, and favorable pH condition of
soils (Bartlett, 1991): Hexavalent chromium is an
ionic form of the metallic element chromium (Cr)
and is discharged by cement-producing plants;
exhaust emission from catalytic converters in
automobiles; waste from electroplating, leather
tanning and textile industries; indiscriminate
discharge into lakes and rivers; solid wastes from
the manufacture of chromium compounds;
consumer products such as inks, paints and papers;
leather materials; stainless steel and a few other
alloy metals; chrome-plated products; some toner
powders used in copying machines. Higher
exposure to chromium may occur to those who work
in related chromium industries and those who
smoke cigarettes (LCSS).

Chromium normally exists in oxidation states
ranging from chromium II to chromium VI. The
compounds of divalent chromium are usually blue
and they demonstrate basic properties. Trivalent
chromium compounds range from purple to green in
color and are amphoteric. They are most abundant
and most stable. The hexavalent chromium
compounds are well known as laboratory reagent
and manufacturing intermediates. They demonstrate
acidic properties and their colours range from

yellow to orange. The solubility equilibrium of
hexavalent chromium compounds is complex and
highly pH dependent (Weast, 1970; Dean, 1979,
1985; Linke, 1958). However, the three major forms
of chromium that commonly exist in the
environment are chromium (O), chromium (III) and
chromium (VI.) Only the trivalent (III) and
hexavalent (VI) forms are of biological significance.
All forms of chromium can be toxic at high levels
but hexavalent compounds are more toxic than its
trivalent form. Metallic chromium O is relatively
non-toxic. In the natural environment, Cr VI is less
stable than Cr III; Cr VI will convert to Cr III in the
presence of organic and inorganic reducing agent. It
has been estimated that the average half-life for Cr
VI in the ambient air is less than 24 hrs (an
estimation of 13 hrs was given in 1988) (Research
Triangle Institute, 1988).

The acid anhydride CrO; and acid chloride
CrO,Cl, and wide variety of metal chromates
MCrO4 and metal dichromate MCr,0; are typical
hexavalent chromium compounds. Cresser and
Hargitt (1976) evaluated the chromate-dichromate
equilibrium. Rieman et al. (1951) have evaluated
the acid functions.

The solubility equilibria of hexavalent
chromium and trivalent chromium compounds are
complex (Table I) and are highly pH dependent
(Weast, 1970; Dean, 1979, 1985; Linke, 1958).

On a global basis, chromium discharge to
aquatic systems is mostly from the metal industries
followed by domestic wastewater sources. The
estimated maximum worldwide aquatic discharge is
reported to be 239x10° t year” (Nriagu and Pacyna,
1988). Elevated levels of Cr in anthropogenically-
polluted ecosystems are of serious human concern.
Chromium is extensively discharged to the
environment through a large number of industrial
operations. Generally, the hexavalent form of
chromate compounds is of greater industrial
importance. Sodium chromate and dichromate are
the principal substances engaged for the production
of all chromium chemicals. Hexavalent chromium is
used extensively in the chrome plating, manufacture
of dyes and pigments, leather tanning and wood
preservation industries. Chromium metal is used
mainly in the making of steel and other alloys (Bell
and Hipfner, 1997; Rodriguez-Pinero et al., 1998),




Table I.-

M.M. AHSAN AND A.R. SHAKOORI

Solubilities of hexavalent and trivalent chromium compounds at 20-30°C.

Hexavelent compound

Solubility K"
(mol kg water)

Trivalent compound

Solubility K"
(mol kg' water)

24

(NH,) 2CrO4

(NH,) 2Cr,04 1.4

LizCl’O,; 8.7

LizCr207 5.7

N32Cr04 5.2

Nazcr207.2H20 9.7

chr04 33

KZCr207 0.44

szCrO7 2.6

szcr207 0.15

C52Cr04 2.2

MgCrO,4.7H,0 5.2

CaCr0,4.2H,0 0.83

CaCrQy 0.00071

SrCrO, 0.0059 2.2 %107
BaCrO, 0.000017 1.8 x 107°
PbCrO, 0.00000018 b
Ag,CrO, 0.0000060 c
Hg2CrO, Slightly soluble 2.0x107°
HgCrO, Slightly soluble

HgCr,0, Insoluble ¢

CoCrOy Insoluble

CuCrOy 3.6 x 10

CuCr,0,.2H,0 Very soluble

ZnCrO, Insoluble

chr207.3Hzo Soluble

Cr(CH;0C00);.H,0 Soluble

(Cr(H,0)6)Cl; 22
(Cr(H,0)Cl,)C1.2H,0 2.2

Cr(OH), 1.2x10°%
Cr(NO3);.9H,0 5.2

CrPO, 2.4x10°%
CrK(SOy),.12H,0 0.44

CQ(SO4)3.18H20 3.1

The other Ky, values are similarly defined.

b
c
d

Reported values range from 2.8 x 107" to 1.8 x 107
Reported values range form 9.0 x 10"%to 1.1 x 102,
Soluble, molarity of saturated solution >1 x 10™"; insoluble, molarity of saturated solution <1 x 107

(GTF) (Mertz,

in electroplating; in the manufacturing of dyes and

tolerance factor

The K, for SrCrO, is the product of the equilibrium molar at a constant temperature, usually 298 K, i.e. Ky, = (Sr*h) (CrO4™).

1969, 1992),

pigments and in leather tanning. It is well known
fact that chromium is essential for leather quality,
such as strength, elasticity and thickness and for
making bricks in furnaces (Grozza, 1984). In
addition to the above-mentioned sectors, chromium
is also used for water treatment, as a rust and
corrosion inhibitor, in toners for copying machines,
magnetic tapes and also in catalysts (International
agency for Research on Cancer, 1990, USEPA,
1984).

Chromium was first determined to be
essential for animals by Schwartz and Mertz (1963).
Chromium is an essential co-factor for optimum
function of insulin in mammalian tissue, required
for normal metabolism of carbohydrates, proteins,
and lipids, and as an active component of glucose

although GTF activity has been extracted form
several biological sources, but is primarily from
brewer’s yeast.

Chromium is thought to potentiate the action
of insulin by facilitating insulin-receptor binding at
cell surfaces, thus enhancing insulin sensitivity and
responsiveness in peripheral tissues and reversing
the effects of clinical hyperglycemia (Mooradin and
Morley, 1987; McCarty, 1993; Morris et al., 1993).
Chromium increases the absorption of insulin, and
helps to reduce body fat and build lean muscle.
Biologically active in vivo forms of Cr known as
low-molecular-weight chromium-binding substance
(LMWCr), is a naturally occurring Cr-containing
polypeptide (Davis and Vincent, 1997).

Insufficient dietary intake of chromium leads







