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Present study is to determine the potential public health risk of climate change parameters (temperature and
precipitation) based on its effect on drinking water quality of Narmada River, an important multipurpose river in
west India, in the Hoshangabad district, Madhya Pradesh. This study was done by collecting the past data of air
temperature and precipitation and analyzing its total coliform impact using the multiple linear regression model. The
study found the variation in public health risk towards water borne diseases with variation in the temperature and

precipitation with significant risk during monsoon season.
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Introduction

Narmada is the major river of the west India
that spans 1312 kms with total basin of 98, 796 sq.
km total. It is a sacred river originating from
Amarkantak in Shahdol district, at an elevation of
1057 meter above mean sea level. Its 87% of basin
lies in Madhya Pradesh and Hoshangabad city is
the largest city on this basin'?. Other urbanized
centres are Khandawa and Dewas of Madhya
Pradesh. The Narmada basin lies between east
longitudes 72°32' to 81°45' and north latitudes
21°20' to 23°45'". It flows through Deccan trap in
between Vindhya and Satpura ranges of hills
before flowing into the Gulf of Cambay in the
Arabian Sea about 10 km north of Bharuch district
of Gujaratl'z. For the first 1,079 km, it runs in
Madhya Pradesh and thereafter it forms the
common boundary between Madhya Pradesh &
Maharashtra for 35 km and Maharashtra & Gujarat
for 35 km. In Gujarat State, it stretches for 159
km. There are 41 important tributaries to the
Narmada River. Significant among them are
Burhner, Banjar, Hiran, Tawa, Chhota Tawa,
Orsang and Kundi that are major tributaries having
catchment area of more than 3,500 sq km each.
The remaining tributaries are having catchment
area ranging from 500 to 2,500 sq km.

Temperature of Narmada basin is like any other
part of Central India. The upper Narmada basin
records lower temperature as compared to middle
basin.

It has several major irrigation projects namely
Karjan, Sukhi, Sardar Sarover, Jobat, Man, Upper
Beda, Maheshwar, Narmada Sagar, Sukta, Kolar,
Tawa, Varna, Bargi, Samrat Ashoksagar (Halali),
Matiyari and Thanwar in the catchment areas of
the river basin. There are 2 medium irrigation
projects of Gujarat and 21 medium irrigation
projects of Madhya Pradesh in the catchment area
of Narmada basin. There are about 40 large scale
and 70 small-scale industries in the area. Important
minerals found in the basin are bauxite, clay, coal,
dolomite, graphite, iron ore, manganese, talc &
limestone, etc. There are 18 Water Quality
observation sites in the basin. Sediment
observations are also made at 11 of these stations.
Further, there are 31 gauge and discharge sites
being maintained by State Government of Gujarat
in Narmada basin.

It has been proposed in various studies about
the potential impact of climate change on the
human diseases’® and one of the applications of
such studies has been proposed in the field of
geographical area planning’. Climate change
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impacts the health through various routes like
change in water quality and quantity, air quality,
climatic variations and infection disease ecology®
!, However, different studies on different
geographical regions have showcased different
level of climate change impact on the health of the
regional human population®**®, This makes it
important to study the climate change impact on
the region directly before making any
recommendation for regional planning.

In India, studies have been done on the Ganges
basin to determine the impact of the climate
change on the human health but showed variation
in impact in different areas of Ganga basin’. The
study provides more macro-level analysis to
understand the impact of the climate change on the
human health. India is a country with several agro-
climactic conditions and water basins and it is
important to study other basins to understand the
overall impact of the climate change on Human
health in India. This study is done on
Hoshangabad District, Madhya Pradesh that is the
part of the Narmada basin to determine the impact
of the climate change on the human health. The
study tries to determine the climate change impact
on human health in the area through the change in
Narmada river water quality.

Materials and Methods
Study area and data set

Data Narmada River is located in Hoshangabad
district of Madhya Pradesh, at latitude 22°23' 40"
North and longitude 77° 58' 30" East. It flows
along the Northern boundary of the district. The
area of Hoshangabad district is 10,016 sq. km.
topography of the district is marked by the plateau
and hills of the Satpura in South all its length. The
range of Satpura hills runs east to west between
the Narmada river. The Narmada basin is about
1288 km. long and 80 km. broad running from east
to west in Madhya Pradesh, occupies a central
position in the country and empties into the Gulf
of Cambay below Broach. Its catchment area is
shown in Figure 1.

Monthly multi-parametric data of Hoshangabad
district was collected to understand impact of the
climate change on public health through change in
water quality. The parameters used to study

climate change are average monthly air
temperature and total monthly precipitation®.
Parameter related to water borne infectious
diseases used for measuring Narmada water
quality parameters was total coliform count'.
Parameter total coliform count is associated with
the increased public health risk of water borne
diseases™®’. The various other climatic and non-
climatic parameters can have effect on the water
quality but was not considered owing to lack of
data availability' ">,

Graphical Flow Diagram of the data collection
and analysis is shown in Figure 2. The method
used to collect the data for climate change
parameters was by performing the secondary
literature review and data collected was from 1901
to 2002 for each month'. The multi-parametric
climate change data collected was fitted on the
modified version of Kay and McDonald multiple
linear regression form'". The model originally
developed used around 20 parameters to develop
the model. In this study, the coefficients of all
parameters other than the water surface
temperature and four-week rainfall was added to
the constant. The final equation is as given below:

Y =4.09091 + (—0.16716 = ST) +
(0.01088 * R)
e

Where, Y stands for the Logl0 value of total
coliform count per 100 ml, ST stands surface
water temperature in degree Celsius and R stands
for the total monthly rainfall in mm. Surface water
temperature was calculated from air temperature
data using the average slope and y-intercept values
i.e. 0.71 and 2.56 respectively obtained by Morill
et al for 43 rivers across the globe'®. The public
health risk to water borne disease is considered
when the logl0 value of total coliform count is
found more than 3.3.

Results

The The monthly temperature and precipitation
values for the Hoshangabad district, Madhya
Pradesh was varying over the months in the year
as shown in Table 1 and Table 2. The district
climatic parameters followed the tropical climate
conditions with monthly values of temperature and



JAIN et al.: POTENTIAL IMPLICATIONS OF CLIMATE CHANGE ON WATER QUALITY

precipitation ranging from 17.13-35.55°C and
0.00-753.17 mm respectively over the 1200
months.

The variation in values was observed for the
same months over the years (Table 3) with
maximum temperature variation and precipitation
variation happening for February and November
and November and December respectively. The
variation in temperature has been less than the
precipitation variation. The correlation coefficients
of different months over the years indicated that
temperature parameter seems to have stronger
correlation  with years as compared to
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precipitation.

The study found variation in the total coliform
count with change in temperature and precipitation
value as shown in Figure 3. The study was
performed to determine the months that are at risk
for public health are as shown in Table 1. The
study found consistent pattern of high total
coliform content in the water during monsoon.
Moors et al have also indicated that the monsoon
season 1is water disease prone as higher
precipitation lead to surface water runoff from
nearby areas into water bodies that deteriorates the
water quality.
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Fig. 1—Map showing Narmada River basin catchment
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Fig. 2—Graphical Flow Diagram of data collection and analysis
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Fig. 3 - Total coliform count (Log 10) from 1901 to 2002 with change in temperature and precipitation
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Year
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938

Jan
18.05
20.44
19.58
19.61
18.27
18.21
19.83
18.40
19.86
19.07
20.57
19.84
18.85
20.66
19.32
19.18
19.33
17.42
19.58
19.21
20.26
18.48
19.07
19.33
17.21
19.51
18.18
18.81
18.43
19.25
20.93
20.87
18.91
17.93
17.48
18.12
17.89
20.04

Feb
19.72
22.32
20.22
2091
17.81
20.08
20.28
21.37
21.26
21.26
20.77
22.42
21.60
21.79
20.00
20.48
20.26
21.82
20.86
20.85
21.50
22.78
20.66
22.08
20.13
22.54
19.76
21.09
19.86
20.20
21.24
19.87
22.16
21.66
20.95
20.90
21.47
19.58

Table 1 - Monthly Air Temperature (°C) from 1901-2002

Mar
25.90
28.47
25.19
25.16
24.35
25.37
2493
25.05
27.23
26.43
24.30
26.00
24.69
25.21
25.45
27.85
25.04
26.27
26.70
26.59
28.36
27.02
26.65
27.93
26.59
25.30
24.44
25.99
27.33
26.92
26.08
25.52
26.60
25.52
25.68
25.87
24.79
27.73

Apr
30.75
31.94
30.28
31.62
28.79
31.33
28.81
31.92
29.15
30.68
30.72
31.01
3221
30.29
30.22
31.85
28.96
29.87
30.31
30.90
32.66
31.58
31.15
32.20
32.30
27.71
30.22
3042
30.44
30.20
32.54
30.21
29.97
31.09
28.30
29.94
29.30
31.49

May
34.04
34.55
32.35
33.63
35.20
35.22
32.35
33.90
33.66
33.78
34.96
34.37
32.68
33.62
34.45
34.30
31.13
34.37
33.21
31.20
34.99
34.17
33.11
33.23
32.06
32.48
33.51
34.22
34.32
33.43
34.44
33.86
30.94
33.60
34.04
34.55
33.48
34.44

Jun
33.25
33.08
33.67
30.91
33.48
30.76
31.93
32.47
29.99
29.91
29.50
33.67
29.31
30.46
33.68
28.48
29.66
30.02
30.70
31.06
30.61
30.37
34.01
32.71
29.30
33.95
31.57
30.93
30.69
31.46
33.15
31.98
30.04
31.28
31.70
29.60
31.47
27.29

Jul
27.80
27.47
28.13
25.83
27.12
26.47
28.65
25.78
25.85
26.77
27.61
27.44
26.58
26.29
28.04
27.39
2591
28.13
25.79
25.97
28.26
26.28
26.97
26.74
25.20
27.32
26.24
25.99
26.14
25.70
27.45
26.33
27.14
26.10
25.94
26.71
26.08
25.84

Aug
25.06
27.02
26.03
25.42
26.56
26.44
24.88
25.12
25.89
25.83
25.64
25.69
25.59
25.94
25.73
25.74
25.86
25.81
25.12
25.84
25.43
25.50
24.94
25.92
26.03
25.63
25.66
26.15
25.28
25.40
25.92
25.87
25.74
25.40
25.23
25.56
25.71
26.01

Sep
26.27
25.90
25.77
25.54
25.92
24.99
26.69
26.49
25.38
25.74
25.35
25.82
26.71
26.33
26.77
26.14
25.56
26.74
25.96
27.07
25.16
25.55
26.04
25.64
26.34
25.76
26.45
26.38
26.34
26.11
25.60
2591
25.28
25.01
25.40
25.54
25.79
26.80

Oct
26.14
25.06
23.92
25.27
24.99
24.25
26.67
25.24
24.68
23.75
25.30
25.17
26.45
25.56
25.68
24.44
24.30
26.13
24.28
26.92
24.77
24.65
24.03
23.84
25.79
23.68
24.35
25.01
24.57
26.04
23.56
25.51
2423
23.74
24.67
24.44
24.04
24.54

Nov

21.21
20.07
19.57
20.29
21.96
21.70
2241
20.96
2145
19.26
21.23
20.26
2145
22.60
22.10
19.94
19.45
22.30
21.71
2231
20.38
20.48
21.06
19.62
20.82
19.11
18.59
21.78
21.72
20.31
20.51
20.96
20.98
19.92
21.44
21.29
21.90
20.36

Dec
18.98
17.82
17.74
18.75
18.18
19.05
17.49
17.48
18.55
18.77
18.98
17.69
18.71
18.68
18.60
17.41
18.78
18.12
18.24
19.80
20.02
17.35
19.47
18.42
17.72
17.13
18.66
17.61
17.99
19.46
18.34
19.06
18.49
18.53
18.99
18.03
18.02
18.66
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Year
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

Jan
20.30
19.04
18.66
18.09
19.77
18.55
17.44
19.60
17.74
18.78
20.23
19.91
17.96
20.20
18.24
17.97
19.47
19.50
18.96
20.67
19.51
17.95
19.10
17.32
17.97
18.43
19.91
19.04
19.06
18.31
19.12
19.60
18.93
19.10
19.51
18.33
17.15
19.01
19.36

Feb
22.06
21.31
21.22
21.25
20.12
20.45
20.25
22.61
21.03
20.45
21.05
20.13
20.99
23.08
23.82
22.55
22.54
21.51
20.02
21.63
21.24
23.23
19.32
20.74
22.11
21.72
21.56
23.01
23.36
20.72
22.69
21.98
22.08
20.47
22.37
21.16
21.43
22.10
22.61

Table 1 - Monthly Air Temperature (°C) from 1901-2002

Mar
24.50
24.44
27.54
27.02
26.69
24.65
26.38
26.30
26.45
26.01
27.10
25.19
26.49
25.84
29.30
26.61
28.28
27.37
24.36
26.83
27.66
25.72
27.50
25.23
24.85
28.14
25.62
25.69
24.87
27.02
28.07
27.02
2593
27.68
27.26
27.14
25.66
26.72
28.70

Apr
30.37
30.27
32.14
32.08
30.15
30.02
29.61
3237
30.82
32.15
32.08
30.65
29.76
32.16
31.90
31.89
29.52
31.66
30.25
3245
31.45
31.17
31.03
30.15
28.20
32.57
30.06
30.33
29.90
29.55
30.50
33.29
31.59
30.33
33.04
31.59
31.82
30.75
30.94

May
33.87
33.89
34.51
34.46
34.54
34.58
33.69
33.79
34.55
35.37
34.44
34.28
34.09
35.20
34.40
35.30
33.89
34.06
32.85
34.62
34.00
34.47
33.81
33.48
32.12
33.38
33.86
32.64
34.47
32.28
33.38
35.13
31.72
34.08
35.18
32.72
34.26
33.71
32.17

Jun
30.57
31.23
32.06
32.87
30.38
30.90
32.03
29.78
31.97
31.03
30.92
32.33
31.96
31.37
32.90
32.04
31.03
29.06
31.89
33.18
31.62
32.06
30.52
31.50
29.37
30.92
31.92
30.84
30.94
30.42
30.42
29.78
28.46
31.91
31.57
3141
30.76
29.62
31.53

Jul
26.05
26.29
26.76
25.41
26.06
25.89
26.26
26.08
26.29
26.73
26.70
26.68
28.22
26.77
26.78
27.23
26.70
25.37
26.53
26.24
26.10
27.04
25.75
26.87
25.70
26.96
27.15
28.45
26.87
26.52
26.41
27.37
25.76
27.64
25.71
27.22
25.78
26.93
26.94

Aug
26.08
25.32
25.75
25.44
24.82
25.40
26.09
25.19
26.43
25.65
26.35
26.01
25.56
24.98
25.76
25.86
25.64
25.04
26.06
26.39
25.27
24.64
25.55
25.36
24.66
25.56
26.51
25.68
25.38
25.04
24.72
25.41
25.68
25.31
25.89
25.32
25.80
25.38
25.62

Sep
25.38
2591
26.64
25.36
25.83
26.07
25.48
2593
2547
25.34
25.72
26.01
26.56
26.64
26.40
24.67
25.54
2549
2547
2531
25.38
26.32
24.50
24.93
2521
25.82
25.62
27.05
2522
26.85
25.20
2531
2591
25.67
25.44
27.22
25.50
25.77
25.75

Oct
25.42
24.98
26.45
2491
23.93
23.94
24.14
25.21
23.53
25.65
24.73
24.51
26.97
25.83
24.84
23.25
23.32
24.11
25.27
24.03
25.08
2431
23.22
23.12
24.89
25.68
25.74
26.83
26.53
24.87
27.31
24.79
24.64
25.39
24.71
25.11
25.00
25.94
25.54

Nov

20.75
2147
21.93
21.02
23.30
21.08
19.90
19.82
21.52
20.66
20.16
19.89
22.62
20.96
21.04
21.07
19.67
19.63
23.06
21.83
21.55
20.76
20.61
2141
22.95
20.93
21.86
23.42
22.61
22.26
23.40
20.38
20.92
21.74
20.49
20.27
19.53
24.18
22.79

Dec
17.96
18.37
20.22
18.04
17.89
20.19
17.19
19.73
19.32
17.78
18.46
18.21
18.10
20.23
19.75
18.98
18.52
19.03
20.40
19.45
19.59
20.37
17.70
19.27
19.11
19.29
18.97
18.78
19.69
19.49
19.49
18.45
17.77
20.00
18.58
18.51
18.10
20.25
19.34
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Table 1 - Monthly Air Temperature (°C) from 1901-2002

Year  Jan Feb Mar Apr May Jun Jul Aug Sep Oct  Nov  Dec
1978 18.63 20.88 2523 30.86 3541 3044 2591 24.67 2634 2592 2336 18.04
1979 20.11 20.12 2521 31.19 32.06 31.87 2654 2490 2755 27.00 2399 19.82
1980 20.37 2272 27.05 3244 3372 29.18 2652 25.10 2694 2636 2322 1885
1981 18.07 22.83 25.88 31.00 33.56 3243 2527 2548 2636 2565 2086 18.60
1982 20.23 20.93 25.08 30.20 32.25 32.04 27.60 2549 26.61 2624 22.12 20.78
1983 19.08 20.92 26.19 29.77 33.54 32.66 2729 2642 26.04 2432 2026 18.57
1984 19.12 19.66 27.09 3142 3516 30.89 27.38 24.65 2570 25.64 21.52 20.16
1985 20.38 2191 28.65 31.38 3452 31.04 2726 2526 26.63 2397 21.65 2049
1986 19.65 21.56 2642 31.22 3381 31.07 2588 2534 2737 2532 2260 19.09
1987 19.35 2241 26.62 31.77 3254 3259 2759 2689 27.55 26.15 2282 19.11
1988 20.85 2349 27.18 31.79 3555 31.51 2647 26.61 2738 2491 21.59 19.30
1989 18.77 21.83 25.70 30.62 3476 30.06 27.03 25.38 26.83 2595 2296 18.84
1990 21.27 21.84 25.08 31.44 31.73 28.79 25.63 26.23 2573 2547 22.61 19.57
1991 18.55 23.09 2742 30.57 3505 31.15 27.12 2528 2696 2629 21.85 19.21
1992 1990 21.08 27.70 31.25 33.63 3222 2820 25.62 26.02 2528 21.71 19.57
1993 20.35 21.71 2497 31.06 3524 3225 2705 2582 2550 2577 2186 1856
1994 20.32 20.93 27.56 29.54 3487 29.84 2549 25.06 25.85 2548 21.80 18.77
1995 17.20 21.28 2493 30.17 3348 33.80 2743 2630 26.80 2641 22.07 20.59
1996 20.28 22.66 27.87 31.29 3470 32.84 27.58 25.59 26.66 24.86 2198 18.78
1997 18.36 20.84 27.10 29.04 32.18 2997 2648 26.03 26.19 2479 2284 17.92
1998 18.83 21.66 25.18 31.41 3526 32.63 2731 2691 27.09 2650 2220 19.61
1999 19.17 22.16 27.17 32.65 33.73 30.03 2697 2543 2534 2510 22.66 18.88
2000 20.39 20.70 2595 33.01 3242 29.85 26.06 26.82 26.75 27.53 2399 2041
2001 19.64 2341 2723 30.32 33.85 28.88 2579 2628 27.69 2641 2320 21.46
2002 1920 22.88 27.53 3240 35.03 3099 2844 2517 26.07 2657 22.66 21.61
Mean 19.14 2137 2634 3090 33.81 31.20 26.69 25.65 2602 2513 2142 18.89
Min. 17.15 17.81 2430 27.71 3094 2729 2520 24.64 2450 23.12 18359 17.13
Max. 2127 2382 2930 3329 3555 3401 28.65 27.02 27.69 2753 24.18 21.61
Table 2 - Monthly Precipitation (mm) from 1901-2002
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
1901 47.8 3.0 359 34 7.1 87.6 430.7 4334 968 133 0.2 0.1
1902 4.1 1.8 00 32 07 344 3683 1818 2090 285 1067 9.9
1903 31 01 00 00 180 72.8 341.8 2862 3853 61.7 0.2 0.1
1904 00 56 383 00 83 802 3449 1702 1388 14.0 0.2 19.1
1905 14 43 25 05 3.6 427 2985 2249 3814 03 0.2 0.9
1906 00 60 126 00 25 201.0 4662 2652 3218 1.8 0.2 7.9
1907 6.6 38.0 1.1 107 4.6 806 2038 422.7 105 0.3 259 0.5
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1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948

5.0
34
0.6
6.8
1.4
0.0
0.0
2.9
0.0
5.0
0.0
36.6
234
6.6
245
2.8
18.5
0.0
10.4
0.7
2.2
39
0.2
33
0.0
0.8
52
39
0.6
0.0
13.2
6.8
24
19.1
11.7
324
8.3
36.3
0.0
33.7
39.0

0.5
59
0.0
0.1
15.6
5.8
5.0
18.3
8.9
20.8
3.6
4.2
0.0
1.5
54
0.9
1.2
0.0
2.0
5.0
36.2
9.5
1.0
4.6
10.2
12.8
0.0
54
9.0
19.5
0.5
2.1
7.0
15.0
29.2
0.0
24.8
0.0
7.0
11.9
1.0

22.1
1.5
0.0
14.4
0.0
9.9
29.5
61.6
0.0
18.5
2.9
2.1
3.0
0.0
0.6
22.8
3.0
0.0
24.6
29.5
9.7
0.0
0.0
2.8
413
14.4
4.9
0.0
222
29.1
5.5
325
4.7
23.1
1.5
0.0
68.4
0.0
0.0
15.0
6.0

10.0
12.7
1.0
0.0
24
0.1
10.6
8.4
1.1
1.1
0.2
12.1
0.8
0.0
0.0
4.0
0.4
0.0
10.0
4.1
2.0
7.0
53
0.6
34
12.0
0.1
19.6
53
133
1.5
1.7
39
3.8
39
4.9
8.3
9.7
9.3
4.7
2.1

0.0
20.0
1.3
0.0
0.4
19.2
14.5
7.4
9.9
423
16.3
16.2
204
0.0
1.3
9.6
33
30.2
373
0.0
1.5
0.3
2.7
3.6
0.6
21.1
0.0
2.6
11.2
2.1
23.8
0.0
17.8
1.3
2.8
18.4
0.9
3.9
3.0
1.3
1.2

117.0
168.2
161.0
161.7
39.9
149.6
130.0
120.5
208.9
1293
178.3
165.8
109.0
2339
196.7
18.6
55.5
107.3
27.8
121.1
110.9
127.9
125.4
57.6
92.8
167.5
217.8
147.1
2254
260.6
339.2
83.3
122.9
70.5
140.9
107.9
115.6
200.7
207.3
85.6
2379

408.0
209.7
192.2
146.1
344.1
317.1
382.7
287.2
275.6
354.8
170.4
306.4
336.6
250.2
386.4
614.9
323.6
415.4
292.4
408.3
523.8
461.9
5393
456.7
753.2
3155
348.4
5474
248.6
523.8
369.8
464.2
684.9
303.7
675.2
345.1
690.1
504.0
3133
586.2
418.3

3773
270.6
387.4
2134
308.3
261.8
185.8
326.7
374.0
357.6
187.0
561.4
158.7
292.7
152.1
433.8
3293
307.2
5483
159.1
168.5
324.1
212.0
411.9
166.5
360.4
595.1
3139
188.2
186.6
288.9
395.8
420.7
288.9
345.5
2224
627.5
2453
412.7
515.1
362.5

92.7
147.0
306.3
300.5
169.1
118.3
189.8
185.1
313.0
333.8

78.4
137.6
109.9
277.6
371.2
291.1
222.5

92.9
276.7

92.8
137.0
190.4
160.8
427.2
247.1
399.8
563.5
292.6
271.5
225.0

97.8
1353

98.2
135.8
214.9
2299
190.0
249.6

68.5
3315
211.7

5.1
0.3
30.6
13.9
0.6
1.2
1.6
754
87.6
54.1
1.7
48.7
0.3
1.1
1.1
15.6
46.9
53
354
63.0
459
23
14.6
130.9
439
31.0
10.6
25.1
7.6
83.7
136.0
18.1
26.8
0.3
33
75.0
80.7
7.6
16.6
11.5
17.9

39
0.2
108.9
87.1
98.0
0.2
6.0
4.5
333
0.2
19.7
36.9
0.2
0.2
504
2.2
1.7
69.7
0.7
143.1
0.4
0.2
214
93.9
2.1
19.2
61.9
1.8
83.0
10.2
0.2
14.2
23.1
0.2
0.2
0.8
0.8
0.2
93.0
0.7
135.1

2.0
453
0.1
0.1
1.7
17.9
54
35
0.1
0.1
9.6
32
0.1
0.1
4.1
8.2
153
0.3
1.5
10.7
98.8
18.8
0.6
34
0.1
6.7
17.6
22.1
0.2
0.2
0.1
1.0
15.2
0.1
20.0
0.1
4.5
0.1
6.7
3.1
0.1
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1949 0.0 1.1 00 04 13.0 130.6 367.0 2332 551.8 89.2 0.2 0.1
1950 69 53 105 03 1.5 68.1 3814 2182 176.8 1.7 0.3 342
1951 52 112 9.6 14 9.0 1103 3462 289.1 2104 624 0.2 0.1
1952 00 95 3.7 43 1.5 1586 362.7 2632 519 3.5 0.2 10.2
1953 38 0.0 00 25 1.1 38.0 3383 3627 2222 18.1 0.2 0.1
1954 141 7.6 93 00 02 965 3483 2522 5152 141 0.2 0.1
1955 131 0.0 0.7 14 0.7 1522 230.1 447.1 4480 952 0.2 0.1
1956 36 00 03 05 138 1947 6084 2773 1995 432 109.7 7.1
1957 82 0.0 383 160 92 84.4 2305 3228 1462 5.7 1.0 1.3
1958 3.0 09 37 20 63 99.0 429.1 284.1 201.7 98.1 32.6 0.1
1959 96 3.0 00 7.1 261 1198 4024 4823 4488 503 10.7 0.1
1960 28.6 0.0 134 8.1 3.3 942 3329 5503 51.7 893 0.2 1.0
1961 145 1.0 2.7 1.0 108 77.8 4147 3555 4817 920 254 5.5
1962 40 81 23.0 144 41 46.1 398.6 468.7 488.8 1.2 373 387
1963 92 123 24 46 95 1089 2784 2663 3573 28.0 8.6 1.4
1964 0.0 1.0 215 0.0 12.0 1427 363.0 380.1 1549 35 0.2 0.1
1965 115 08 7.1 133 1.6 741 2315 2374 2226 53 0.4 14.8
19¢6 29 05 74 07 115 695 3023 1755 963 2.1 63.7 7.5
1967 02 0.0 456 04 1.7 1063 2735 2923 1663 0.6 0.2 120.1
1968 7.8 56 241 29 00 71.0 4493 3079 1335 341 0.2 1.0
1969 39 02 19 00 69 404 4994 4342 2395 03 95.8 0.1
1970 132 73 340 1.1 159 1735 1851 4564 3052 54 0.2 0.1
1971 50 5.1 32 21 267 2216 3417 2233 237.8 90.1 0.2 0.1
1972 00 04 00 04 1.9 698 1753 5420 1408 427 216 54
1973 01 143 00 03 3.1 71.6 6602 4228 259.1 173 0.2 19.4
1974 00 22 08 21 155 83.0 2354 4588 639 758 0.2 0.1
1975 72 148 30 00 0.8 1672 2585 438.1 341.8 352 0.2 0.1
1976 5.1 0.1 124 155 114 851 3389 3596 2409 03 68.6 43
1977 07 2.0 160 09 95 3149 2454 3452 2340 287 984 5.3
1978 7.5 526 428 109 0.7 1934 329.0 5275 1293 64 104  49.6
1979 351 316 34 00 188 101.6 331.7 3884 438 103 563 2.1
1980 0.9 1.8 1.1 0.5 0.0 1828 2073 351.1 56.8 1.0 0.2 27.9
1981 95 1.6 100 05 164 73.6 1823 2265 191.7 135 3.0 17.1
1982 62.0 122 43 21 6.4 80.0 270.7 5814 1453 226 722 0.9
1983 33 04 1.7 1.0 39 89.6 367.6 412.1 5032 56.7 0.2 39
1984 435 304 00 0.1 24 965 1663 5652 419 273 0.2 0.9
1985 179 0.1 00 11.0 104 1353 3741 3740 186.7 1147 0.2 0.1
1986 43 313 162 00 83 140.0 3873 2385 629 13.7 1.0 32.8
1987 11.6 221 24 00 155 1048 1803 3042 170.0 195 209 255
1988 0.0 14 03 6.1 42 163.0 325.7 2559 190.7 30.0 33 1.9
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1989 08 0.0 416 00 49 1189 1775 3559 1088 04 0.2 18.8
1990 02 129 36 00 300 277.6 5165 511.2 3039 255 0.7 9.8
1991 0.7 46 157 151 52 1284 1948 3458 26.0 0.4 7.6 0.1
1992 27 38 00 01 268 289 725 281.6 3662 102 0.9 0.1
1993 0.0 83 254 0.1 6.8 85.1 2340 186.1 1440 36.0 0.3 5.8
1994 121 106 239 32 139 2507 5341 3189 1594 17.0 4.2 0.1
1995 247 42 544 47 58 1069 4055 1129 2894 20.7 4.2 21.7
1996 157 52 132 166 59 332 3032 396.8 1842 479 1.6 0.1
1997 112 0.0 0.0 53 88  69.8 3243 2996 969 437 1653 745
1998 25 1.1 353 02 14 79.0 1819 3295 3567 194 898 0.1
1999 08 456 00 00 103 89.1 328.1 369.6 3270 759 0.2 0.6
2000 0.0 2.1 00 00 212 1073 5640 1635 582 2.1 0.2 0.1
2001 10.1 03 121 43 243 2965 2527 1785 149 293 3.1 0.1
2002 1.0 239 82 37 114 1481 69.1 400.1 161.7 17.0 15.3 1.9
Mean 8.8 7.8 120 4.0 89 1264 3555 3319 2180 303 236 9.4
Min. 00 00 00 0.0 0.0 18.6  69.1 1129 105 0.3 0.2 0.1
Max. 62.0 526 684 19.6 423 3392 7532 6275 563.5 136.0 1653 120.1

Table 3 - Percentage Variation and correlation coefficient of Temperature and Precipitation with respect to change in year for
each month over 100 years

Months Correlation Coefficient Percentage Variation
Temperature Precipitation Temperature Precipitation

January 0.086 0.050 4.99 137
February 0.364 0.105 5.07 136
March 0.220 -0.004 4.44 126
April 0.170 -0.049 3.67 121
May 0.055 0.056 3.10 102
June -0.111 0.012 4.38 52
July 0.004 -0.182 3.00 39
August -0.024 0.139 2.03 35
September 0.247 -0.094 2.60 58
October 0.288 0.033 3.96 107
November 0.458 -0.074 5.58 164
December 0.466 0.065 4.92 200

Table 4 - Safety of months based on Total Coliform Log 10 count/100ml
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Health Risk Months
1901 Safe Safe Safe Safe Safe Safe Risk Risk Safe Safe Safe Safe 2
1902 Safe Safe Safe Safe Safe Safe Risk Safe Safe Safe Safe Safe
1903 Safe Safe Safe Safe Safe Safe Risk Risk Risk Safe Safe Safe
1904 Safe Safe Safe Safe Safe Safe Risk Safe Safe Safe Safe Safe
1905 Safe Safe Safe Safe Safe Safe Risk Safe Risk Safe Safe Safe

N = W =



1906
1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
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1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
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1987 Safe Safe Safe Safe Safe Safe Safe Risk Safe Safe Safe Safe 1
1988 Safe Safe Safe Safe Safe Safe Risk Risk Safe Safe Safe Safe 2
1989 Safe Safe Safe Safe Safe Safe Safe Risk Safe Safe Safe Safe 1
1990 Safe Safe Safe Safe Safe Risk Risk Risk Risk Safe Safe Safe 4
1991 Safe Safe Safe Safe Safe Safe Safe Risk Safe Safe Safe Safe 1
1992 Safe Safe Safe Safe Safe Safe Safe Risk Risk Safe Safe Safe 2
1993 Safe Safe Safe Safe Safe Safe Safe Safe Safe Safe Safe Safe 0
1994 Safe Safe Safe Safe Safe Safe Risk Risk Safe Safe Safe Safe 2
1995 Safe Safe Safe Safe Safe Safe Risk Safe Risk Safe Safe Safe 2
1996 Safe Safe Safe Safe Safe Safe Risk Risk Safe Safe Safe Safe 2
1997 Safe Safe Safe Safe Safe Safe Risk Risk Safe Safe Safe Safe 2
1998 Safe Safe Safe Safe Safe Safe Safe Risk Risk Safe Safe Safe 2
1999 Safe Safe Safe Safe Safe Safe Risk Risk Risk Safe Safe Safe 3
2000 Safe Safe Safe Safe Safe Safe Risk Safe Safe Safe Safe Safe 1
2001 Safe Safe Safe Safe Safe Risk Risk Safe Safe Safe Safe Safe 2
2002 Safe Safe Safe Safe Safe Safe Safe Risk Safe Safe Safe Safe 1
Conclusion 437(2012), 15-21.

A predictive modelling has been done in the
study to estimate the months in which public
health risk due to water borne disease will be
higher. The study needs to be validated with the
data collection from the hospitals on the patients
reported with water-borne diseases. One of the
major limitations of the study is that it used the
coefficients values in the equations that were
developed for the other system owing to limited
data availability for the Narmada river
basin.present.
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