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Abstract

Aim: The present study was undertaken to determine the physico-chemical properties and heavy metals in drinking water
samples collected from different sources in and around Ranchi, Jharkhand, India.

Materials and Methods: A total number of 100 water samples were collected from different sources like hand pumps (44),
wells (27), taps (20), rivers (3) and ponds (6). The gross appearance, taste, odour, temperature, pH, dissolved oxygen,
biochemical oxygen demand, alkalinity, conductivity, total dissolved solid, salinity and the concentration of lead and
cadmium were analyzed.

Results: Water samples were transparent, odourless and taste was agreeable except rivers and ponds. The mean value of
temperature (24.8+0.416 to 30.7+£0.819), pH (6.4+0.1 to 7.3£0.1), dissolved oxygen (3.9+0.05 to 8.95+0.15), biochemical
oxygen demand (2.3£0.7 to 7.5£0.409), alkalinity (35+1 to 144.75+40.359), conductivity (83£1.15t01508+0), total dissolved
solid (73£1 to 1422+0) and salinity (0.016+.014). Mean levels (ppm) of lead (Pb) was (0.01+0.00 to 0.11+0.03) and cadmium
(Cd) was (0.04+0.01t00.11+0.03).

Conclusion: Out of water samples collected from above mentioned sources, samples from ponds and rivers were highly
contaminated. The pH of 6 water samples was more than prescribed level, dissolved oxygen in 11 was samples was below than
5 ppm, biochemical oxygen demand in 19 water samples was above 6 ppm, alkalinity in 14 samples were above 120 ppm,
conductivity in 2 water samples were above1400 puS/cm, The levels of lead and cadmium was more than the permissible limits.
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Introduction

Water of good drinking quality is of basic
importance to human physiology and man's continued
existence depends on its availability [1]. The provision
of potable water to the rural and urban population is
necessary to prevent health hazards [2,3].

Ground water is generally considered as a safe
source of fresh drinking water [4]. But rapid population
growth, increasing living standards in urban areas and
industrialization have resulted in greater demand of
quality water on one hand, while on the other hand,
pollution of water sources is increasing steadily.
Therefore the ground water is getting polluted and
among which wells are generally considered as the
worst type of ground water sources in the term of
physico-chemical contamination due to the lack of
concrete plinth and surrounding drainage system [5, 6].
The incidence of ground water pollution is highest in
urban areas where large volumes of waste discharged
into relatively small areas [7]. There are various
factors, which are responsible for ground water
contamination such as use of fertilizer in farming [8],
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seepage from effluent bearing water body [9]. Once the
groundwater is contaminated, its quality cannot be
restored by stopping the pollutants from the source.
Therefore it becomes imperative to regularly monitor
the quality of groundwater and to device various means
to protect it [10]. The surface water sources, in general,
are not acceptable for drinking purpose as these are
often loaded by various organic, inorganic and
biological constituents [11,12].

In the recent years, the availability and access to
fresh water has become the most critical issue in the
world. Freshwater is essential to human health, agri-
culture, industry and natural ecosystems, but is now
running scarce in many regions of the world [13]. The
desirable properties of water quality should include
adequate amount of dissolved oxygen, relatively low
organic content, pH value near neutrality, moderate
temperature, and free from excessive amount of
infectious agents, toxic substances and mineral matter
[14]. Potable water should be free from disease
producing microorganisms and chemical substances
that are dangerous to health [15,16]. Majority of the
rural people do not have access to potable water and
therefore, depend on well, stream and river waters for
domestic use. Excessive use of limited water resources,
disposal of various industrial effluents, human wastes
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into water may release heavy metals, which harm both
human and animals health [17]. Continuous exposure
to heavy metals to animals and humans cause
hepatotoxicity and nephrotoxicity. So, periodical
estimation of level of heavy metals in water is
necessary.

Materials and Methods

A total of 100 samples were taken from different
sources like hand-pumps (44), wells (27), taps (20),
ponds (6) and rivers (3) were collected in and around
Ranchi.

Method of sample collection: \Water samples were
randomly collected from different sources at varying
interval in thoroughly washed and sterilized bottle.
Physico-chemical analysis was done within 48 hours
and the samples were stored at room temperature.

Physico-chemical analysis:

Gross appearance, odour and taste: The water
samples were observed with naked eyes for gross
appearance and examined for offensive odour through
the subjective organoleptic assessment.

Temperature: The temperature was recorded in
Celsius ("C) with the help of mercury thermometer.

pH: pH of the water was determined with the help of pH
meter (Model Digital pH meter 335).

Dissolved oxygen (DO): Dissolved oxygen of water
was determined as per method [18] and expressed in
terms of ppm.

Biochemical oxygen demand (BOD): BOD was
determined as per the method [19] and was expressed
in terms of ppm. The method involves, measuring
difference of oxygen concentration of the sample
before and after incubation of 5 days at 20 °C.

Alkalinity: Alkalinity was determined as per the
method [20] and expressed in terms of ppm.

Conductivity: The conductivity of water was
determined with the help of Conductivity meter
(Model Inolab Cond 720) and expressed in terms of
pS/cm.

Total dissolved solids (TDS): The total dissolved solids
of water was determined by Conductivity meter
(Model Inolab Cond 720) and expressed in mg/I.

salinity: The salinity content of water was determined
by Conductivity meter (Model Inolab Cond 720) &
expressed in terms of ppt.

Heavy metal estimation: The estimation of Lead (pb)
and Cadmium (Cd) of the water samples was done as
per method [21] by SL-176, Double beam atomic
absorption spectrophotometer, ELICO.

Results and Discussion

The results and discussion of physico-chemical
properties of water samples was given below.

Gross appearance, odour and taste: \Water samples
from most of the sources were transparent, odourless
and taste was agreeable except water from rivers and
ponds which were highly turbid and foul smelling,
which appears aesthetically objectionable for human
and animal use.

Temperature: Water samples were collected and
analyzed between March to July. The temperature of
water ranged from 24 to 31°C. The mean temperature
ranged from 24.8+0.416 to 30.7+0.819 °C (Table-1),
almost similar findings were observed by [22], who
examined water samples collected from Anand district
of Gujarat and reported that the temperature of water
samples ranged between 28 to 31°C. The high
temperature may be due to increase in atmospheric
temperature during summer season. In a study
conducted by [23], temperature of ranged from 21 to
30°C in water of Triveni lake of Amaravati district in
India. In the similar study conducted in Bichi Local
Government Area of Kano State of Nigeria by [24] and
reported the mean temperature ranged from 24.5 to
26.2°C. The low temperature may be due to winter
season.

pH: The overall pH ranged from 6.3 to 7.4 with the
mean values ranged from 6.4+0.1 to 7.3+0.1 (Table-1).
It was found that 6 water samples were below the
prescribed level of 6.5, lowest pH 6.3 was reported
which is slightly acidic. These findings were supported
by the results of [25], who reported pH of water
samples ranging from 6.8 to 7.3. The pH of water
ranged from 6.8 to 8.3 in a similar study conducted by
[26] inthe selected area of Ghazipur city, India.

Dissolved oxygen: The dissolved oxygen content of
water ranged from 2.6 to 11 ppm and the mean values
ranged from 3.9+0.05 to 8.95+0.15 ppm (Table-1). It
was observed that in 11 samples, dissolved oxygen was
below 5 ppm. Lower dissolved oxygen content was
noticed in ponds (2.6 ppm) and river (2.9 ppm). In a
similar study conducted by [27] who reported the DO
fluctuated from 7.25 to 16 ppm. This variation in
dissolved oxygen might be due to temperature,
photosynthesis, respiration, aeration, organic waste
and sediment concentration [28]. The reduced
dissolved oxygen may affect the aquatic life. However,
there is no report of ill health effects arising directly
from a deficiency of dissolved oxygen in potable water
or from its complete absence [29].

Biochemical oxygen demand: The biochemical
oxygen demand of the water ranged between 1.6 to 9
ppm with the mean varying from 2.3+0.7 to 7.5+0.409
ppm (Table-1). In 19 water samples, biochemical
oxygen demand was above 6 ppm as prescribed by
[30]. According to study conducted by [31] who found
biochemical oxygen demand ranging from 0.16 to 11.6
mg/l. Water with BOD < 4 ppm are considered to be
clean water, while those with > 10ppm are considered
to be polluted and unsafe [32]. High BOD has
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Table-1. Physico-chemical properties of drinking water samples (Mean = SEM)

No. Source No.of  Temp (°C) pH Dissolved oxygen Biochemical oxygenAlkalinity Conductivity TDS (mg/l) Salinity
samples (Ppm) demand (ppm) (ppm) (HSfcm) (ppt)
examined
1 Handpump 5 27-28.6 6.5-6.8 5-8 5-7.2 50-172 176.5-371 154-201 0
(28+0.275) (6.6+0.063)  (7+0.593) (5.7+0.954) (102.8+20.303)  (252.3+35.610) (176.8+7.465)
Well 3 25.2-26 6.7-7 6.1-10 3.2-8.6 84-102 198-1008 114-879 0-0.1
(25.73+0.266)  (6.9+0.1) (8.16+1.131) (5.93+1.559) (94+5.291) (521.66+247.568)  (435.33+229.15) (0.03+0.033)
Tap 2 30.4-31 6.3-6.5 8.4-10.8 5.1-53 72-144 666-680 580-593 0-0.1
(30.740.3) (6.4+0.1) (9.6+1.2) (5.2+0.2) (108+36) (673+7) (586.5+6.5) (0.05+0.05)
2 Handpump 4 27-28.2 6.5-6.8 7-9 6.8-8.4 48-210 130-663 116-176 0
(27.8+0.27) (6.62+0.075) (8.25+0.434) (7.55+0.409) (116+36.193) (371.25+130.088)  (144.5+12.816)
Well 2 25-27 6.7-6.9 8.8-9.1 4.2-8 36-56 76-108 67-215 0
(26+1) (6.8+0.1) (8.95+0.15) (6.1£0.1) (46+10) (92+16) (141%74)
Tap 1 29 7.1 5 7.1 56 710 504 0
3 Handpump 4 27-28.2 6.8-7.2 5.6-8 5.6-9 68-256 117-1270 139-1107 0-0.4
(27.7+0.264)  (6.840.141) (6.65+0.537) (6.65+0.788) (144.7+40.359)  (539.25+254.428)  (490+212.06) (0.1+0.1)
Well 3 25.2-26.2 6.7-7 5.6-6.9 5-7.6 22-90 90.7-432 94-790 0-0.2
(25.8+0.305)  (6.840.088) (6.4+0.417) (6.4+0.768) (54+19.731) (210.5+110.842)  (333.6+228.263) (0.06+0.066)
Tap 2 29.4-31 6.3-6.5 6.2-7 5-6.4 46-124 226-1081 493-941 0-0.3
(30.2+0.8) (6.4+0.1) (6.6+0.4) (5.7+0.7) (85+39) (653.5+427.5) (717+224) (0.15+0.15)
4 Hand pump 4 26.4-29 6.5-7 5.6-11 5-8 36-110 145-1224 127-1067 0-0.4
(27.45+0.556)  (6.740.110)  (7.6+1.245) (5.9+0.686) (64.5+17.173)  (497.5+248.901)  (382.2+228.50) (0.1+0.1)
Well 2 24.1-25.8 6.5-6.7 7.6-7.7 5.2-6 50-83 132-755 178-656 0-0.1
(24.9+0.85) (6.6+0.1) (7.6+0.05) (5.640.4) (66.5+16.5) (443.5+311.5) (417+239) (0.05+0.05)
Tap 2 28-29.6 6.8-7.2 5-8 5.4-6 78-84 128-428 217-372 0
(28.8+0.8) (7+0.2) (6.5%1.7) (5.70.3) (81+3) (278+150) (294.5+77.5)
River 1 31 6.8 3.4 2.3 112 397 190 0
5 Hand pump 2 26-27 7.1-7.2 5-8.4 5.2-5.6 40-80 147.5-191.2 130-166 0
(26.5+0.5) (7.1+0.05)  (6.7%1.7) (5.4+0.2) (60+20) (169.35+21.85) (148+18)
Well 2 26-27.4 6.5-7.2 6-8 5.3-5.8 34-81 119.2-136 104-201 0
(26.7+0.7) (6.8+0.3) (7+1) (5.540.25) (57.5+23.5) (127.6+8.4) (152.5+48.5)
Tap 2 27-28.2 6.5-7.1 6-8.4 5-6.4 34-36 82.6-84.9 72-74 0
(27.6+0.6) (6.8+0.3) (7.2¢1.2) (5.740.7) (35+1) (83.75+1.15) (73+1)
ponds 2 30-31 6.8-7 3.94 1.6-3 82-114 304-600 265-522 0
(30.5+0.5) (6.9+0.1) (3.9+0.05) (2.3+0.7) (98+16) (452+148) (393.5+128.5)
6 Hand pump 3 26.4-29.2 6.5-7.1 5-9.4 5-8 56-80 351-505 294-440 0
(28.2+0.90) (6.7+0.2) (7.3+1.277) (6.1£0.953) (70.66+7.423)  (420.33+45.112)  (361.66+42.482)
Well 1 25 6.5 7.6 5.6 70 164 1422 0.7
Tap 2 29.2-30 6.6-6.8 5.2-6.4 5-5.6 60-184 1054-1117 96-971 0.3-0.4
(29.6+0.4) (6.740.1) (5.8+0.6) (5.30.3) (122+62) (1085.5+31.5) (533.5+437.5) (0.35+0.05)
7  Hand pump 5 24.8-28 6.5-7 4.8-11 5-8 34-80 243-1636 205-1311 0-0.6
(26.7+0.595)  (6.5+0.112)  (7.5+1.223) (6.120.582) (61.6+7.884) (616.6+257.64) (473+211.176) (0.12+0.12)
Well 3 26-27.4 6.4-7.2 6.4-8 4.1-6.4 54-106 127-656 199-572 0-0.1
(26.6+0.416)  (6.84#0.24)  (7+0.48) (5.2+0.664) (87.6+16.855)  (319+169.045) (335£118.93) (0.03+0.03)
Tap 1 27.2 7.1 6.4 5.4 67 115 221 0
8 Hand pump 2 27-27.6 6.3-6.6 5.6-6.8 5-6.4 90-120 421-1015 367-885 0-0.3
(27.3+0.3) (6.4+0.15)  (6.2+0.6) (5.7+0.7) (105+15) (718+297) (626+259) (0.15+0.15)
Well 2 28-28.2 6.3-6.5 6.8-7 6-8 40-102 608-1043 530-909 0-0.3
(28.1+0.1) (6.4+0.1) (6.9+0.05) (7£1) (71%31) (825.5+217.5) (719.5+189.5) (0.15+0.15)
Tap 1 25 6.8 3.8 5.2 48 574 500 0
Pond 1 30.2 6.8 2.6 2.6 122 425 370 0
River 1 31 7 3.1 3.1 76 280 244 0
9  Hand pump 6 27-29 6.5-6.7 5-10 5.2-6.8 48-218 190-773 166-672 0-0.1
(27.8+0.264)  (6.6+0.124) (7.3%1.14) (5.8+1.344) (90.66£23.022)  (423.5£79.389) (361.16+70.862) (0.016%0.014)
Well 3 24-25.4 6.5-6.8 5-8 5.4-8.8 34-44 212-429 184-373 0
(24.8+0.416)  (6.6+0.1) (6.941.06) (7+0.986) (38+3.055) (305.33+64.452)  (290+55.758)
Tap 2 27.4-30 6.7-6.8 5.6-7.4 5.6-7 40-84 226-1105 197-963 0-0.4
(28.7£1.3) (6.7+0.05)  (6.5+0.9) (6.3+0.7) (62+22) (666.5+439.5) (580+383) (0.2+0.2)
River 1 31 6.8 29 3.2 76 1508 143 0.1
10 Hand pump 3 27.4-28.2 6.8-7.1 5-6.4 5.2-6.2 75-104 250-367 254-327 0
(27.8+0.24) (6.9+0.08)  (5.5+0.437) (5.5+0.317) (87.33+8.647)  (291+38.039) (301.66+23.849)
Well 1 27 6.5 6 5.8 56 189 278 0
Tap 1 30 6.9 7.1 5.6 77 105 289 0.1
ponds 3 30-31 6.8-7.7 29-34 2.9-3.6 70-82 105-143 250-310 0-.1
(30.4£0.29) (7.1+0.284)  (3.1+0.145) (3.33+0.218) (76.33+3.48) (122.33+11.095)  (283+17.578) (0.03+0.033)
11 Hand pump 2 26-27 6.8-7 5-6.1 5.1-6.4 123-130 331-471 178-184 0
(26.5+0.5) (6.9+0.1) (5.5+0.55) (5.7+0.65) (126.5+3.5) (401£70) (181%3)
Well 2 25.4-27 7.2-74 6-7.2 4.6-5.4 138-140 212-941 820-1846 0.2-0.9
(26.2) (7.3£0.1) (6.620.6) (520.4) (139+1) (576.5+364.5) (133345.3) (0.55+0.35)
Tap 1 29 6.9 8 5.4 140 660 575 0
12 Hand pump 4 27.4-29 6.5-7.1 5-8.2 5.1-6.2 73-100 124-301 198-315 0
(28.1£0.33) (6.8+0.177)  (6.1%0.732) (5.7+0.242) (86.75+5.878)  (213.5+42.868) (243.5+26.66)
Well 3 24.8-26.4 6.5-7.2 5.8-7 4-5.2 30.8-90 269-453 129-273 0
(25.6+0.46) (6.8+0.272)  (6.13+0.437) (4.73+0.371) (58.26+14.48)  (350.33+54.176)  (205.33+41.794)
Tap 3 29.2-31 7.1-7.2 6.8-8.4 5.2-6 78-94 149-281 197-233 0
(30.740.819)  (7.1¢0.033)  (7.4%0.50) (5.66+0.24) (84+5.033) (197.33+42.001)  (214.66+10.397)

undesirable consequence on aquatic life such as
leading to production of ammonia and hydrogen
sulphide which causes negative effect on fish [33].

Alkalinity: The overall range of alkalinity of water
samples examined was from 22 to 256 ppm and the
mean values ranged from 351 to 144.75+40.359 ppm
(Table-1). It was observed that 14 samples were above
120 ppm as prescribed by [34] guidelines. Similar
findings were observed by [35] who recorded
alkalinity upto 290 mg/l in the river water. The value of
alkalinity may be due to high temperature in summer
and increased level of bicarbonate because of high rate
of photosynthesis [36]. These findings are not in line

with the observation of [37,38] who recorded lower
alkalinity of water samples ranging from 20-110 mg/I
and 110to 149 mg/l respectively.

However it does agree with the findings of [39,
40] who recorded higher alkalinity varying from 170-
870 mg/land 210-910mg/l, respectively.

The variation in alkalinity of water is due to the
presence of bicarbonate, carbonate and hydroxide
compound of calcium, sodium and potassium.

Conductivity: Conductivity of water samples varied
from 76 to 1636 uS/cm and the mean values range from
83+1.15 to 150840 pS/cm (Table-1). It was noticed
that 2 samples were above the prescribed level of 1400
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Table-2. Mean Concentration (ppm) of Lead and Cadium in water samples (Mean + SEM)

S.No. Sources Lead (Pb) ppm Mean + SE Cadmium (Cd) ppm Mean + SE
1 Wells (n=27) 0.07+0.03 0.03+0.01
2 Hand pump (44) 0.08+0.02 0.01+0.00
3 Taps (20) 0.11+0.03 0.01+0.00
4 Ponds (6) 0.04+0.01 0.02+0.01
5 Rivers (3) 0.05+0.04 0.07+0.02

uS/cm by [41]. The results were in partial accordance
with those of [42,43] who found the electrical
conductivity of water was varying from 334-1640
pS/cm and 423-1197 pS/cm, respectively. These
findings are not in conformity with the observation of
[44] who recorded lower conductivity of water samples
ranging between 468-810 uS/cm.

However, it does not agree with the findings of
[45-47] who recorded higher electrical conductivity
ranging from 755 -1898 pQ/cm, 386-2827 uQ/cm and
400 — 3500 pS/cm, respectively. The high electrical
conductivity value might be due to the presence of high
amount of dissolved inorganic substances in ionized form.

Total dissolved solids: The estimate of total dissolved
solid of samples ranged from 67 to 1846 mg/l. The
mean values ranged from 73x1 to 1422+0 mg/l (Table-
1). It was observed that 4 samples showed above the
permissible level of 1000 mg/l prescribed by [48].
These findings are not in line with [49] who reported
the TDS values ranged from 145 to 245 mg/l. Higher
TDS was reported in well (1846 mg/l). However the
presence of high levels of TDS in water may be
objectionable to consumers owing to the resulting taste
and to excessive scaling in water pipes, heaters, boilers,
and household appliances. Some dissolved organic
matter may contribute to increased level of TDS which
also indicates that water is polluted [50].

While, water with extremely low concentrations
of TDS may also be unacceptable to consumers
because of its flatand insipid taste.

In a similar study conducted by [51] the TDS of
water samples were found to be in higher range from
666.7 to 3666.6 mg/l, before treatment but within a
similar range 509.2 to 1472.3 mg/| after treatment. The
results were in partial accordance with those of [52]
who recorded the TDS ranging from 240-1650 mg/I.

High TDS might be due to the presence of large
number of organic salts as carbonate, bicarbonate,
sodium, potassium and calcium and also some non-
volatile substance which are solid at room temperature.

salinity: The overall range of salinity in water was
from 0 to 0.9 ppt and the mean values ranged from
0.016+0.014 to 0.7+0 ppt (Table-1). These findings are
supported by [53] who conducted analyses of tube well
water and found salinity of water ranging from 0.8 to 1 ppt.

These findings are not in line with [54] who
recorded lower salinity in water ranging from 0.005 to
0.599 ppt.

In a similar study conducted by [55,56] who
reported higher salinity in the water samples ranging

from5to 17 pptand 33 to 35 ppt, respectively.

The physico-chemical characteristic of river
water in the study suggested that river and pond water
is not suitable for drinking purpose.

Heavy metal estimation: In the present study, the
concentrations of lead and cadmium were found more
than the prescribed permissible limits of WHO [57].
The increase in the lead level may indicate presence of
old pipes and industrial pollution [58], effect of
combustion of petrol [59] and gasoline [60]. The
increased levels may cause damage to brain, kidney if
taken in high concentration [61]. The increase in level
of cadmium indicates the pollution of water bodies by
industrial activities [62], excessive uses of steel plating,
nickel cadmium batteries. Exposure to cadmium causes
kidney damage [63]. The accumulation of these heavy
metals might be due to anthropogenic activities and
importantin public health point of view.

Conclusion

The gross appearance, odour and taste were
agreeable except pond and river water which revealed
high turbidity and foul smelling odour. Parameters like
temp, pH, DO, BOD, alkalinity, Conductivity, total
dissolved solid and salinity was within the permissible
limits of WHO. The lead and cadmium levels were
slightly more than the permissible limits of WHO in all
water samples, which could be important in public
point of view. The physico-chemical characteristics in
the study suggested that river and pond water is not
suitable for drinking purpose. Regular estimation of the
above mentioned parameters would be helpful to
improve water quality.
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