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DETECTION OF THE HEAVY METAL CONCENTRATION OF
WATER IN LOWER REACHES OF THE PERIYAR RIVER, KERALA
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Abstract: A study was undertaken to assess the heavy metals concentration of water in the lower reaches of the
Periyar river. Heavy metals such as cadmium, copper, lead, zinc and chromium were analyzed monthly during the
period from January 2009 to December 2009. The study reveals that all the heavy metal concentration except that
of chromium was above the allowable limit. Concentration of lead and zinc concentration was higher than that
of other heavy metals such as cadmium, copper and chromium. Considerable attention is needed to maintain the
water quality of the Periyar river especially at the lower reaches of the river.
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INTRODUCTION

Nowadays a large number of new chemicals are
being released into the aquatic ecosystems and
these pollutants are known to harm the
ecosystems because of their toxicity and
persistence in the environment. About 40
elements enter the aquatic environment as waste
due to industrialization and also anthropogenic
activities. Among them cadmium, copper, lead,
zinc and chromium are well-known metal
pollutants in the fresh water ecosystem (Gale et
al., 2004). The concentration of metals and their
actual impact can be greatly modif ied by the
interaction with natural water constituents.
Therefore, knowledge of the concentrations of
heavy metals is desirable for the estimation of
pollution levels in waters and the determination
of background values of metal concentrations
in corresponding regions. The present area of
study is related to the lower reaches of the
Periyar river and the period of study was from
January 2009 to December 2009. The river
receives urban waste water from the Cochin
metropolitan city, as well as industrial water
discharges, both treated and untreated. The
Periyar river is the hot spot because there are 25
major and numerous small scale industries
located in this area. So this region of the Periyar
river carries pollution load f rom different
industries and urban runoff. Heavy metal
analysis of water samples was carried out
monthly during the period from January 2009
to December 2009.
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MATERIALS AND METHODS

Water samples were collected from lower reaches
of the Periyar river having the length about 60
Km (Fig. 1). The four selected stations for the
present investigation are Station I-Manjali
kadavu located 12 Km away from river mouth.
It is the master channel of the Periyar river and
is the distributary of Mangalapuzha branch and
joins Chalakkudy river and after that it
debouches into Lakshadweep Sea. The water in
this area was turbid due to dumping of domestic
waste and chicken waste from poultry farm and
pesticide eff luents f rom agricultural areas.
Cultivation of rubber, banana, and vegetables is
noticed on the river bank. Water is used for
washing, bathing etc. Station II-Eloor ferry
kadavu is the distributary of Marthandavarma
branch and joins the Arabian Sea through
Cochin backwater system. The station was also
less transparent due to pollution from 25 major
and numerous minor industries. Industries such
as those of fertilizers, pesticides, chemicals and
allied industries, petroleum ref ining, heavy
metal processing, radioactive mineral
processing, rubber processing units etc. This
station is situated 9Km away from Cochin
backwater system. Station III- Sreebhootha-
puram kadavu was highly under threat due to
indiscriminate sand mining activities and also
polluted by plastic, fertilizer and pesticides
effluents. It is located 25 Km away from Cochin
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backwater system. Station IV-Kottamom kadavu
is a shallow region of comparatively high
transparency. It is 56 Km away from the river
mouth. The water is used for domestic purposes
such as bathing, washing etc. There is a modern
rice mill plant on the bank of the river, the
industry treats the effluents and disposes them
into the nearby river. Sand mining activities are
a regular threat in this area. Heavy metal analysis
of water sample was followed as per the methods
of APHA (2005) by using AAS. The data on the
different heavy metals were treated statistically
by adopting the methods ANOVA

RESULTS AND DISCUSSIONS

Table 1 and 2 show monthly, seasonal and annual
variation of heavy metal concentration in water

samples. ANOVA comparing heavy metal
concentration in water sample at four different
stations was presented in Table 3, 4, 5 and 6.
Heavy metal pollution in riverine environment
is usually caused by land runoff, mining
activities, industrial eff luents and anthro-
pogenic inputs. Traces of cadmium, copper,
lead, zinc and chromium etc. have been
identif ied deleterious to aquatic ecosystems and
human health (Singh et al. 2010). Cadmium is
a high toxic non-essential metal. As far as the
Periyar river is concerned, the major source
point is fertilizer-manufacture unit on its banks.
In annual variation of high concentration of
cadmium was noticed at Station II (2.079 mg/
l). It may be due to the eff luents from mines
and smelter plants. Station II is the industrial

Fig. 1. Map of Periyar river showing sampling stations
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belt of Kerala and this area of the river is exposed
to unchecked pollution. In seasonal variation it
was observed that high values were recorded in
monsoon and postmonsoon season. It may be
attributed to the formation of chloride
complexes, occurring during the mixing of fresh
water with sea water and to the desorption of
exchangeable metals due to the increasing
concentration of major cations. Moore (1991)
also has supported this statement. Monthly
variation of cadmium content showed that it
was high during the months of August and
September. Copper is an essential micronutrient
which in nature is widely in free state as well as
in combined state. The anthropogenic activities
by which copper enters water are the process of
smelting, mining, industrial effluent discharge,
urban runoff and application of fertilizers and
fungicides. The concentration of copper in water
also depends on environmental factors, salinity,
freshwater discharge and suspended solid load
(Joseph, 2002). Annual variation of copper
content during the present study showed that
there was a high level of copper at Station I (1.09
mg/l) which may be due to the disposal of
untreated effluents from the industries located
on the bank of the Periyar river mainly smelting

and mining industry (Binani Zinc Limited),
fertilizer units, Travancore Cochin Chemicals,
Indian Rare Earths Limited. Monthly and
seasonal variation of copper revealed that it was
in a f luctuating pattern at all stations. But a high
concentration of copper was noticed during
monsoon and postmonsoon seasons. It is mainly
attributed to rainfall, monsoon f loods, land
drainage etc. which bring large volume of water
with trace metals in dissolved as well as
associated form into the river. The quantity of
pollutants brought into the river during flooding
far exceeds their normal transport through
water into the river system (Maya, 2005). Lead
is one of the most abundant toxic pollutants in
the environment. It becomes a real cause of
concern as a contaminant because of its
constant and continuous release into air, water
and soil in appreciable amounts (Branica, 1980).
Annual variation of lead concentration showed
that it was wide spread in the study area and it
was high at Station II (5.26 mg/l). The high
concentration of lead in Station II may be due
to the effect of discharge of effluents from the
nearby petrochemical industries, fertilizer
factories and oil ref ineries. Studies of Ali et al.
(2009) and Fotedar and Raina (2009) in Ganga

Table 1. Monthly variations of heavy metal concentration of water (mg/l) in lower reaches of
Periyar river during 2009
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Table 2. Seasonal and annual variation of heavy metal concentration in water samples (mg/l) in
lower reaches of Periyar river during 2009

Table 3.  ANOVA comparing heavy metal concentration of water of river in relation to seasons at
Station I (1. Test of univariate models; 2. Test of univariate effects)
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Table 4.  ANOVA comparing heavy metal concentration of water of river in relation to seasons at
Station II (1. Test of univariate models; 2. Test of univariate effects)

Table 5.  ANOVA comparing heavy metal concentration of water of river in relation to seasons
at Station I (1. Test of univariate models; 2. Test of univariate effects)
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Table 6.  ANOVA comparing heavy metal concentration of water of river in relation to seasons at
Station II (1. Test of univariate models; 2. Test of univariate effects)

river also support these statement. Seasonal
variation showed that the highest concentration
of lead was in monsoon season except at Station
IV. John Kennedy (1999) also observed high
concentration of lead during monsoon, which
may be due to the mixing of water during rainy
season and oil waste from mechanized boats
and trawlers, automobile discharges and
industrial eff luents. Monthly variation of lead
showed that the highest concentration was in
June and July months. Zinc is one of the most
abundant trace elements in the environment.
The main pollutant sources of zinc are
metalliferous mining activities, ore-dressing and
processing of sewage sludge for agricultural use
and compost materials and pesticides. In the
Periyar river industrial effluents and municipal
waste from the city are the main source of zinc.
Annual variation of zinc content showed that it
was high at Station IV (5.08 mg/l). The high
concentration of zinc at Station IV may be due
to the action of fertilizers from the agricultural
f ields and also sand and gravel mining activities.
Monthly and seasonal variation of zinc
concentration was in a f luctuating pattern. In
seasonal variation, a higher concentration was
noticed during postmonsoon season. The higher
concentration of zinc may be due to land runoff

and inf lux of metal rich f reshwater during
raining. Similar f indings are also reported by
Singh (2010) in the Gomti river and Zhang et
al. (2010) in the Pearl river, China. Chromium
is one of the least toxic of trace elements on the
basis of its oversupply and essentiality (Forstner
and Wittmann, 1979). Sources of chromium
include metal plating, organic and
petrochemicals, fertilizers and industrial dyes.
The highest concentration of chromium was
observed at Station II (0.72 mg/l). The high value
of chromium in Station II may be due to the
discharge of eff luents from various industries
such as FACT, petroleum ref ineries, Travancore
Cochin Chemicals, Indian Rare Earth Limited,
Cochin ref ineries and electroplating industries.
Chromium exhibited comparatively a lower
concentration than other heavy metals. Monthly
variation of chromium was in a f luctuating
pattern. In seasonal variation a higher
concentration was observed during monsoon
season, which was mainly due to large runoff
and inf lux of  metal- rich f resh water.
Concentration of metals analyzed from different
stations varied considerably. It was evidenced
by the ANOVA test, which indicates that there
was a signif icant variation in metal
concentration between the stations (p<0.05).
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This reveals that different stations are capable
of accumulating metals differently. The present
observation is in conformity with the f indings
of Caiero et al. (2005).

CONCLUSIONS

The major sources of pollution in the Periyar river
include sewage and garbage, agricultural runoff
and industrial pollution. The river directly
receives civic effluents from the city. The intensive
agricultural practice all along the banks and
watershed area has been contaminating the river
water with huge amounts of pesticides and
fertilizers especially during surface runoff in the
rainy season. Besides, loosening of surface soil
and removal of vegetation from catchment area
generates problems related to soil erosion and
siltation. Industrial pollution poses the most
serious threat to the riverine ecosystem in the
lower reaches of Periyar river, where a cluster of
small and big industries are operating and are
continuously discharging wastewater into the
river without proper treatment. In the study
concentration of all the heavy metals in water
was above the permissible limit. Concentration
of lead and zinc was higher relatively.
Concentration of this type of dangerous
chemicals should be measured at regular intervals
and whenever it reaches above the safe limit,
immediate warning has to be issued and suitable
steps to be taken to prevent the damage. An
environmental monitoring system should be
established in the polluted area of the river. The
system should have the capability of monitoring
water, sediment, aquatic biota and the magnitude
of solid and liquid form of industrial effluents.
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