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ARTICLE INFO ABSTRACT

In the current investigation, trace metal (Fe, Cu, Pb, Cd and Zn) analysis of four
surface water bodies (ponds) in Imphal city, Manipur were conducted. The results
obtained were compared with the WHO standard for drinking water. Out of the five
heavy metals analyzed, the concentration of Cd was found above the permissible
limits in all the study sites whereas, Pd was found to exceed in two sites. The results
of the physico-chemical analyses (temperature, pH, EC, TDS, DO, alkalinity, hardness,
CO2, Cl-, Na, K, Ca, Mg, NO3 and PO4) revealed that most of the parameters were within
the acceptable limits, except for total alkalinity and potassium content.

INTRODUCTION
Heavy metal pollution in water is an increasing worldwide
environmental concern as heavy metals constitute an
important group of environmentally hazardous substances
because of their non-biodegradable nature and
bioaccumulation. Heavy metals when present above
permissible limit act as conservative pollutants because they
cannot be degraded biologically and tends to accumulate in
bottom sediments (Gupta et al., 2005). Many lakes and
reservoirs in India have received elevated inputs of heavy
metals as a result of various anthropogenic activities. Imphal,
the capital city of Manipur has limited water resources. There
are no major perennial river systems. Public water supply is
seldom so, not reliable to depend. Hence, most of the urban
residents rely on community ponds, augmented by
groundwater sources. However, in the absence of proper
waste management plan and strategy, the existing water bodies
in the city are polluted by disposal of solid and liquid wastes
from various sources. The major contributory sources of
contaminants may come from domestic sewage, solid wastes
disposal, commercial wastes, small scale industries and heavy
metal containing fertilizers and pesticides (Hatje et al., 1998;
Nourie et al., 2008). Runoff water and air suspended
particulate deposition from the urban roadways may be
significant sources of heavy metals pollution including Pb, Ni
and Cd (Macklin et al., 2003; Bird et al., 2003; Kraft et al.,
2003; Singh et al., 2008; Venugopal et al., 2009; Nabizadeh et
al., 2005). The other sources of heavy metals include,
sewages, discarded metal wastes, electronic wastes, pesticides,
etc. The increasingly deterioration of water quality may have
considerable impact on the health of local people in the long
run. Though some of the metals like Cu, Fe, Mn, Ni, and Zn
are essential as micronutrients for life processes, while many
other metals like Cd, Cr and pb have detrimental beyond a
certain limit (Marschner, 1995; Bruins, et al., 2000; Lee et al.,
2007). The deadlier diseases like edema of eyelids, tumor,

congestion of nasal mucous membranes and pharynx,
stuffiness of the head and gastrointestinal, muscular,
reproductive, neurological and genetic malfunctions caused by
some of these heavy metals have been documented (Johnson,
1998; Tsuji and Karagatzides, 2001; Abbasi, et al., 1998).
Hence, proper assessment and monitoring of the status of
water resources in the city becomes paramount importance.
The present paper aims to determine the status of heavy metal
concentrations in four important surface water bodies in
Imphal city, Manipur.

MATERIAL AND METHODS
Imphal, the capital city of Manipur is located in an inter-
mountain valley, in the Eastern Indian Himalaya. Imphal city
currently spreads over an area of 30.75 km2 and is rapidly
expanding. It is located at an elevation of 790m above the
mean sea level. Climatically, the valley has a humid
subtropical condition, characterized by a cool-dry winter,
warm summer and a moderate monsoon. Four water bodies
(ponds) in Imphal city viz. Ningthem Pukhri (Site–I), Kakwa
Pukhri Achouba (Site–II), Kanglapat (Site–III) and
Lalambung Makhong Pukhri (Site–IV) were selected for the
present investigation.

Collection of water samples were carried out on monthly basis
covering two seasons: (i) Rainy (May – October) and (ii)
Winter (October – February). Sub-surface water samples were
collected in pre-cleaned and dried high grade polyethylene
bottles. All the samples were analyzed in laboratory within
24–48 hours of collection. Water temperature (15 cm below
the surface), pH, conductivity (EC), total dissolved solids
(TDS) were analyzed on the spot by using, a Water and Soil
Analysing Kit (Model, 161 E; M.S. Electronic (India) Pvt.
Ltd., made). For estimation of dissolved oxygen (DO), water
samples were collected in BOD bottles of 300 mL without any
agitation. The DO was fixed instantly by adding 2 mL each of
manganese sulphate (MnSO4) and alkaline potassium iodide
(KI) solutions and brought to the laboratory for titration.
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Other parameters including total alkalinity, hardness, free
carbon dioxide (CO2), chloride (Cl-), magnesium (Mg),
calcium (Ca), sodium (Na), potassium (K), nitrate (NO3

--) and
phosphate (PO4

--) contents were analysed in the laboratory by
following standard methods prescribed by APHA (1989) and
Chhatwal et al (1992). For the analysis of heavy metals (Fe,
Pb, Cd, Cu and Zn), the water samples were acidified with 6N,
HNO3 (8 mL L-1) to get pH < 2. The metal content in the
water was determined with the help of an Atomic Absorption
Spectrophotometer (Perkin Elmer PE 3110) as per APHA,
1989.

RESULTS AND DISCUSSION
Physico-chemical properties

Water temperature

The water temperature recorded in the four water bodies
during the study period ranged between 17.6 and 27.90 C
(Table 1-4). The average water temperature during the
summer season in Site-I, Site-II, Site-III and Site-IV were
26.4±1.600 C , 25.5±0.890 C, 24.53±1.100 C and 27.33±0.670

C, respectively. Corresponding average water temperatures
during the winter season in the four sites were 18.43±0.650 C,
19.2±0.870 C, 18.23±0.650 C and 18.6±0.400 C, respectively.
The water temperature during the study period fluctuated in
correspondence with the ambient temperature

pH

pH, a measure of hydrogen ion activity, is used to express the
intensity of acidic or alkaline condition of a solution. It is one
of the important factors in any water analysis, since it enters
into the calculation of acidity, alkalinity and processes like
coagulation, disinfection and corrosion control. The water
samples exhibited slightly alkaline to alkaline in both the
seasons However, in Site-IV, a slightly acidic pH value
(6.7±0.06 pH) was recorded during the winter season. All the
observed values were within the safe limit for drinking water
(WHO, 1984). The variation in pH may be due to variation in
photosynthetic activity, which increases the pH due to
consumption of carbon dioxide (Khurshid et al., 2002).

Electrical Conductivity (EC)

Conductivity is a measure of the capacity of a substance or
solution to conduct electricity. EC is directly related to the
ionization of dissolved inorganic and organic substances and
is mainly attributed to the ions liberated from decomposed
plant matter (Wright, 1982). The observed average values of
conductivity in the water bodies ranged from 124.73±1.06
mho cm- 1 (Site- I, during summer) to 411.0±3.00 mho cm-1

(Site-IV, during winter). All the observed EC values were
within the permissible limit for drinking (WHO, 1984), except

Table 1 Physico-chemical analysis of water sample of study Site – I (Ningthem Pukhri)

Parameters Summer Winter
Ranges Average Ranges Average

Temp. (0C) 24.6 −27.8 26.4 ± 1.6 17.8 – 19.1 18.43 ± 0.65
pH 8.9 −9.0 8.93 ± 0.06 7.72 – 7.86 7.76 ± 0.09
EC (µ Mho/cm) 123.6−125.7 124.73 ± 1.06 153.8 – 163.9 158.87 ± 5.05
TDS (mg L-1) 80.8−90.2 84.57 ± 4.97 120.8 – 126.7 123.77 ± 2.95
DO (mg L-1) 5.9−6.4 6.08 ± 0.28 5.0 – 7.0 6.00 ± 1.00
Total Alkalinity (mg L-1) 279−295 285.33 ± 8.50 98 – 105 101.33 ± 3.51
Free CO2 (mg L-1) 31.0−39.9 35.23 ± 4.47 30.00 – 34.00 32.33 ± 2.08
Total Hardness (mg L-1) 65−71 68.00 ± 3.00 110 .0– 130.0 120.00 ± 10.00
Cl- (mg L-1) 130.9−139.1 134.87 ± 4.11 96.42 – 104.06 100.24 ± 3.82
Mg + (mg L-1) 10.9−13.25 11.85 ± 1.24 14.90 – 16.90 15.87 ± 1.00
Ca++ (mg L-1) 17.26−21.23 19.23 ± 1.99 22.0 – 26.0 24.00 ± 2.00
Na+ (mg L-1) 35−41 38.00 ± 3.00 35.0 – 41.0 38.00 ± 3.00
K+ (mg L-1) 8.0-12.0 10.00 ± 2.00 21.0 – 25.0 23.33± 2.08
NO-- (mg L-1) 1.5−1.9 1.70 ± 0.20 1.02 – 1.52 1.27 ± 0.25
PO4

-- (mg L-1) 0.1−0.2 0.13 ± 0.06 0.19 – 0.25 0.22 ± 0.03

Table 2 Physico-chemical analysis of water sample of study Site – II (Kakwa Pukhri Achouba)

Parameters Summer Winter
Ranges Average Ranges Average

Temp. (0C) 24.5 −26.2 25.50 ± 0.89 18.60 – 20.20 19.20 ±0.87
pH 8.42 −8.9 8.63 ± 0.25 7.10 – 7.45 7.61 ±0.61
EC (µ Mho/cm) 162.19−171.85 167.48 ± 4.89 303 – 342 322.00 ±19.52
TDS (mg L-1) 126.8−128.8 127.80 ± 1.00 150.80 – 164.90 157.83 ±7.05
DO (mg L-1) 4.45−6.25 5.45 ± 0.80 5.0 – 5.23 5.12 ±0.12
Total Alkalinity (mg L-1l) 320−340 330.00 ± 10.00 97.61 – 105.6 101.66 ±4.00
Free CO2 (mg L-1) 40.0−49.0 44.00 ± 4.58 46.0 – 50.0 48.33 ±2.08
Total Hardness (mg L-1) 68.0−72.0 70.00 ± 2.00 100.0 – 108.0 104.00 ±4.00
Cl - (mg L-1) 134.8−135.2 134.97 ± 0.21 85.38 – 87.90 86.63 ±1.26
Mg + (mg L-1) 13.26−13.47 13.36 ± 0.11 17.65 – 19.62 18.63 ±0.99
Ca++ (mg L-1) 14.26−16.23 15.23 ± 0.99 12.4 – 12.8 12.60 ±0.20
Na+ (mg L-1) 34.7−39.8 37.23 ± 2.30 37.0 – 39.0 38.33 ±1.15
K+ (mg L-1) 10.2-12.22 11.21 ± 1.01 16.0 – 18.0 17.00 ±1.00
NO-- (mg L-1) 1.18−1.5 1.34 ± 0.16 1.28 – 1.49 1.38 ±0.11
PO4

-- (mg L-1) 0.10−0.12 0.11 ± 0.01 0.28 – 0.32 0.30 ±0.02
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in Site-IV during winter.

Total dissolved solids

TDS are composed of inorganic salts and trace amount of
organic matters that are dissolved in water and contribute
significantly to the palatability of water. The average TDS
values fluctuated from 84.57±4.97 mg L-1 (Site- I, during
summer) to 176.00±3.61mg L-1 (Site- IV, during winter) and
were within the prescribed standards of drinking water. The
TDS is generally proportional to the EC. In our study also
such relation was established. Chhatwal et al, (1989) reported
that, a high concentration of dissolved solids increases the
density of water, affects osmoregulation of aquatic organisms,
and reduces solubility of gases in water as well as utility of
water for different purposes.

Dissolved oxygen

Dissolved oxygen in water is regarded as an index of physical
and biological processes occurring in water. Its presence is
essential to maintain variety of forms of biological life in the
water. During the study period the average value of DO was
observed lowest in Site-II (5.12±0.12 mg L- 1, during winter
season) and highest in Site-III (9.00±2.00 mg L-1, during
summer season). The low DO values during winter may be
attributed to the biodegradation of vegetation coupled with
addition of wastes like garbage and sewage containing
oxidisable organic matter.

Total Alkalinity

A number of bases such as carbonates, bicarbonates,
phosphates, nitrates and hydroxides contribute to the alkalinity
of water. Alkalinity itself is not harmful to human beings but
the water supplies with less than 100 mg L-1 of alkalinity are
desired for domestic use. In the current study, it was observed
that the total alkalinity values in all the sites exceeded the
desirable limit during the summer season. Washing and
bathing activities plus urban sewage might be the probable
reasons for higher alkalinity. Singh et al. (1999) have
described higher alkalinity in water may be due to the
contamination by leaching process during rainy season.
However, in two sites (Site-I–101.33±3.51 mg L- 1and Site-II–

101.66±4.00 mg L-1) the parameter was found to be within the
permissible limit during the winter season. Higher values of
total alkalinity are not suitable for chlorination treatment.

Free CO2

Availability of free carbon dioxide (CO2) in natural surface
water depends on factors like temperature, pH and amount of
organic matter dissolved. In polluted water presence of free
CO2 is mainly from decomposition of organic matter and
respiration of aquatic biota. The average values of free CO2

concentration during the summer season in Site-I, Site-II, Site-
III and Site-IV were 35.23±4.47 mg L-1 , 44.00±4.58 mg L-1,

Table 3 Physico-chemical analysis of water sample of study Sites – III (Kanglapat)

Parameters Summer Winter
Ranges Average Ranges Average

Temp. (0C) 23.3 – 25.4 24.53 ± 1.10 17.6 – 18.9 18.23 ±0.65
pH 8.6 – 9.2 8.90 ± 0.30 7.03 – 7.63 7.33 ±0.30
EC (µ Mho/cm) 142.0 – 150.0 146.33 ± 4.04 153.2 – 155.2 154.43 ±1.08
TDS (mg L-1) 90.2 – 102.8 96.77 ± 6.32 117 – 127 122.00 ±5.00
DO (mg L-1) 7.0 – 11.0 9.00 ± 2.00 7.5 - 8.85 8.22 ±0.68
Total Alkalinity (mg L-1) 345.0 – 355.0 350.33 ± 5.03 190.0 – 201.0 195.00 ±5.57
Free CO2 (mg L-1) 50.9 – 54.7 52.80 ± 1.90 56.0 – 60.0 58.00 ±2.00
Total Hardness (mg L-1) 79.0 – 90.0 86.00 ± 6.08 118.0 – 122.0 120.00 ±2.00
Cl- (mg L-1) 98.8 – 106.9 102.90 ± 4.05 94.0 – 102.0 98.00 ±4.00
Mg + (mg L-1) 13.64 – 13.88 13.74 ± 0.12 16.98 – 19.0 17.93 ±1.01
Ca++ (mg L-1) 28.0 – 31.57 29.66 ± 1.80 17.65 – 19.21 18.43 ±0.78
Na+ (mg L-1) 36.8 – 39.1 38.17 ± 1.21 31.0 – 35.0 33.00 ±2.00
K+ (mg L-1) 11.69 – 12.62 12.23 ± 0.48 8.0 – 12.0 10.00 ±2.00
NO-- (mg L-1) 1.80 – 1.95 1.89 ± 0.08 1.35 – 1.55 1.45 ±0.10
PO4

-- (mg L-1) 0.12 – 0.19 0.16 ± 0.04 0.1 – 0.3 0.20 ±0.10
± indicates Standard deviation

Table 4 Physico-chemical analysis of water sample of study Sites – IV (Lalambung Makhong Pukhri)

Parameters Summer Winter
Ranges Average Ranges Average

Temp. (0C) 26.6 – 27.9 27.33 ± 0.67 18.2 – 19.0 18.60 ±0.40
pH 8.4 – 8.8 8.57 ± 0.21 6.70 – 6.82 6.76 ±0.06
EC (µ Mho/cm) 160.83 – 164.61 162.71 ± 1.89 408.0 – 414.0 411.00 ±3.00
TDS (mg L -1) 124.3 – 130.5 127.33 ± 3.10 173.0 – 180.0 176.00 ±3.61
DO (mg L-1) 5.0 – 7.0 6.00 ± 1.00 5.0 – 6.6 5.83 ±0.80
Total Alkalinity (mg L-1) 350.0 – 360.0 355.00 ± 5.00 288.0 – 292.3 290.17 ±2.15
Free CO2 (mg L-1) 50.7 – 54.9 52.80 ± 2.10 55.8 – 57.9 56.80 ±1.05
Total Hardness (mg L-1) 35.0 – 41.0 38.00 ± 3.00 114.0 – 118.0 116.00 ±2.00
Cl- (mg L-1) 117.8 – 123.5 120.73 ± 2.85 99.5 – 103.5 101.50 ±2.00
Mg + (mg L-1) 0.07 – 0.08 0.08 ± 0.01 20.55 – 22.50 21.55 ±0.98
Ca++ (mg L-1) 37.64 – 37.70 37.67 ± 0.03 19.09 – 23.20 21.16 ±2.06
Na+ (mg L-1) 43.6 – 45.1 44.30 ± 0.75 26.0 – 34.0 30.00 ±4.00
K+ (mg L-1) 13.6 – 14.7 14.10 ± 0.56 18.0 – 22.0 20.00 ±2.00
NO-- (mg L-1) 1.21 – 1.43 1.32 ± 0.11 1.5 – 1.9 1.70 ±0.20
PO4

-- (mg L-1) 0.07 – 0.16 0.12 ± 0.05 0.29 – 0.35 0.32 ±0.03
± indicates Standard deviation
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52.80±1.90 mg L-1 and 52.80±2.10 mg L- 1, respectively.
Corresponding average free carbon dioxide values during the
winter season in the four sites were 32.33 ± 2.08 mg L-1,
48.33±2.08 mg L-1, 58.00±2.00 mg L-1 and 56.80±1.05 mg L- 1,
respectively. In natural water, CO2 can vary from 0-17 mg L-1

and the levels of it depend on pH; when the pH goes beyond
9.5, free CO2 will be absent (Hutchinson,1967).

Total Hardness

Hardness is governed by the contents of calcium and
magnesium salts that largely combined with bicarbonates and
carbonates which make temporary hardness; sulphates,
chloride and other anion of mineral acids causing permanent
hardness. Though hard water doesn’t have adverse health
effect, it is not suitable for bathing, washing and cooking
purposes. As per I.C.M.R. (1975) hardness below 300 mg L-1

is considered potable but beyond that limit produces
gastrointestinal infection. During the present investigation,
the average observed values of total hardness fluctuated from
38.00±3.00 mg L-1 (Site-IV, during summer) to 120±2.08 mg
L-1 (Site-I & III, during winter). All the recorded values were
within the prescribed safe limit for drinking water.

Chloride

High concentration of chloride may impart salty taste to water
indicating a significantly source of pollution caused by
domestic waste and human activities. Chloride in natural water
may sometimes be due to the leaching of rocks. However, the
greatest source of chloride in water is sewage and industrial
waste. Chloride content also increased with the degree of
eutrophication (Goel et al., 1980). In the present study
chloride value ranged between 98.00±4.00 mg L-1 (Site-III,
during winter) and 134.97±0.21 mg L-1 (Site-II, during
summer). Koshy and Nayar, (2000) observed in Pamba that
the seasonal values of chlorides vary from very low to 176 mg
L-1, which is in conformity with the present finding. The
present findings revealed higher values in rainy seasons due to
decomposition of organic matter at high temperature.
Generally, chloride values are higher in summer months than
in winter due to increased rate of evaporation in summer
(Gupta et al., 1996).

Magnesium and Calcium

In natural water the concentration of Mg, Ca, Na and K
normally exhibits K< Mg < Ca< Na. In the present study also
the concentration of Ca was higher than Mg in all the sites as
presented in Table 1-4. Similar result was also reported by
Meitei and Gupta (2009) in community ponds in Imphal
valley, Manipur. The difference in the average concentration
of Ca and Mg was found maximum in Site-IV during summer
season (Mg–0.08±0.01 mg L-1 and Ca–37.67±0.03 mg L-1) and
minimum in Site-III during winter season (Mg–17.93±1.01 mg
L-1 and Ca–18.43±0.78 mg L-1). Fortunately, values for Ca
and Mg in the present study are within the safe limit for
drinking water. Ca has no adverse physiological manifestation
on human system, and in fact person consuming water
containing certain amount of calcium is likely to have less
chances of heart trouble or cardiac disorder, than a person
drinking soft water without any calcium content (Khopkar,
1993). Magnesium concentration above 150 mg L-1 gives an
unpleasant taste and make it unfit for drinking (WHO). Spense
(1964) has regarded 1–15 ppm CaCO3 content in the lake as
nutrient poor, 16–60 ppm as moderately rich and more than 60
ppm as nutrient rich. On the basis of the above classification,
the present study sites included under moderately nutrient rich
category.

Sodium and Potassium

The results of the study indicated that the concentration of Na
is consistently higher than K in all the study sites. Both the
lowest concentration (30.00±4.00 mg L-1, during winter) and
highest concentration (44.30±0.75 mg L-1, during summer) of
Na was recorded in Site-IV. The higher value of sodium
during the summer season might be due to runoff of sewage
and nutrients from the surrounding. In case of potassium, the
lowest and highest concentrations were recorded during the
winter season with a value of 10.00±2.00 mg L-1(Lowest in
Site-III) and 23.33±2.08 mg L-1(Highest in Site-I). The
sources of K in water are through weathering of rocks,
effluents and wastewater discharges (Trivedy et al., 1997).
The values for Na and K in the present study were within the
safe limit prescribed by WHO for drinking water.
Nitrate and Phosphate

Nitrates and phosphates are the main nutrients responsible for
eutrophication of water bodies. The concentration of nitrate in
all the samples was found within the maximum permissible
limits (45 mg L-1), though it may have certain influence on the
eutrophication processes. Phosphate concentration in
unpolluted waters typically ranges from 0.01-0.1 mg L -1 . The
average PO4 content in the water bodies range from 0.11±0.01
mg L-1 to 0.32±0.03 mg L-1 and exceeded the range for
phosphate in unpolluted water. Nutrient sources in the present
ponds include both allocthonous supply of organic matter
through catchment runoff, detergents used for washing clothes
as well as bathing activities. The important autochthonous
sources are macrophytic decomposition besides the death and
decay of aquatic organisms.

Heavy Metals
Copper

Copper is widely distributed and is an essential metal required
by all living organisms in some of the enzyme systems, but at
higher concentration it acts as pollutant. Copper rarely occurs
in natural water. In the current study, copper was not detected
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in three study sites (Site-I, II & III) however, a very low
concentrations (0.02 ppm) was recorded at Site-IV, below the
permissible limit for drinking water (WHO, 1984). The low
value of Cu indicates the absence of Cu polluting sources in
the area.

Lead

Lead is one of the oldest metals known to men and is
discharged in the water bodies through paints, solders, pipes,
leaded gasoline, lubricating oil, discarded battery, etc.
Atmospheric fallout is usually the most important source of
lead in the fresh waters (More, 1984). The content of lead in
the studied water bodies varied between 0.03 ppm and 0.08
ppm. Higher concentrations values of 0.07 ppm and 0.08 ppm
were recorded at study Site-III and I, respectively and slightly
greater than the maximum permissible limit for drinking water
standard of WHO (0.05 ppm). Swain et al. (2005) and Bajpai
et al. (2009) reported that ritual activities, especially idol
immersion are the main sources of heavy metals in the pond
water. Abdominal pain, adrenal insufficiency, anemia,
numbness, loss of memory etc., are the major effects of lead
poisoning (www.alternative-doctor-radio.com).

Cadmium

As depicted in Fig. 1, the cadmium concentrations in the water
bodies varied from 0.08 ppm (Site-III) to 0.23 ppm (Site-IV).
It is clearly observed from the figure that the concentration of
Cd is higher than the permissible limit in all the four study
sites. The permissible limit for drinking water set by WHO is
0.01 ppm. Therefore, with respect to Cd concentration, the
surface water bodies are not suitable for drinking purposes.
Effects of Cd include alcoholism, alopecia, anemia, arthritis,
pain in middle of bones and hypertension etc.
(www.alternative-doctor-radio.com). Cadmium is contributed
to the surface water bodies through use of paints, printing,
electroplating, deterioration of the galvanized pipes, etc.

Zinc

Zinc is an essential and beneficial element for human beings
but toxic at higher concentration. It enters the water supply
and water bodies from industrial wastes, deterioration of
galvanized iron, de-zincification of brass, etc. Zinc sulphates
containing fertilizers are also responsible for higher values of
Zn in water (Wu et al., 2008). According to the WHO
standards, limit for Zn in drinking water is 5.5 ppm. The
concentrations of Zinc in the study sites ranged between 0.17
ppm and 0.24 ppm and were well within the safe limit for
drinking purpose.

Iron

Iron in natural water may be present in dissolved, colloidal or
suspended forms. Generally, ferric form is predominant in
natural water. If excess iron is present in drinking water it
produces inky taste and muddy smell (Sharma & Kaur, 1997).
Iron tends to precipitate as hydroxides and stain laundry and
porcelain fixtures. Iron reacts with natural alkalinity of the
water and blankets the water beds. WHO recommended a
permissible limit of 0.3 ppm in drinking water.
Concentrations of iron in the present study ranged from 0.02
ppm to 0.12 ppm and is within the permissible limit.

CONCLUSION

On the basis of current analytical results the water qualities of
ponds under studied were of moderate level. However, in few
sites the concentrations of total alkalinity, potassium, lead and
cadmium were recorded above the maximum permissible limit
for drinking purposes. The alarming levels of the above
parameters can be partly attributed by the incorporation of
sewage, deposition of automobile exhaust and may be linked
to dumping of wastes near the ponds. If prevention measures
are not taken up, the danger and health risk of heavy metals
could be prevalent in the study area. Further, ponds can be
brought to a better condition for public utility by restricting
the disposal of sewage, organic wastes, bathing and washing.
Otherwise, the deterioration of pond water quality would
continue.
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