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ABSTRACT

Groundwater is considered safe source of drinking water because of it’s low chemical load and rare
microbial contamination. But sometimes it may degrade quality. In this research, physico-chemical and
bacteriological characteristics of ground water of Kushtia District, Bangladesh, has been studied to
evaluate drinking suitability for thirty two private tube-wells (TWs). American Public Health Association
(APHA, 2005) standard analytical methods were employed for analyses of the water samples. Results
showed variation of the investigated parameter in water samples as follows: pH 6.81 to 8.12, Electrical
Conductivity (EC) 490 to 1995 uS/cm, Hardness 285 to 810 mg/L as CaCO;, Arsenic (4s) 0.001 to 0.098
mg/L, Iron (Fe) 0.03 to 1.45 mg/L and Manganese (Mn) 0.01 to 6.32 mg/L. It is seen some physico-
chemical parameters were beyond drinking limit. The presence of Fecal Coliform (FC) and Total Coliform
(TC) was reported in 56.25% and 68.75% respectively but it should be zero in drinking water. This
constitutes may pose severe public health risks and is unsuitable for direct human consumption. The study
recommends mobilization of onsite treatment interventions to protect the households from further possible
consequences of using the water.

Keywords: Groundwater, Tube-Wells, Contamination, Physico-Chemical and Bacteriological
Characteristics, Public Health.

1. INTRODUCTION

Water is the most vital service to the survival of life (WHO, 2011). Therefore, it is of major importance not
only to have an adequate and accessible supply, but also to have quality water that is considered safe for
human consumption (Amanatidou, E. et. al, 2007). This is vital to promise public health, but it is also
indispensable to environmental protection and sustainable development assurance (Eze, S., and Madumere,
1., 2012). Groundwater represents the world’s largest and most important source of fresh potable water
(Howard, K.W. F., 1997) provides to an estimated 1.5 billion people worldwide daily (DFID, 2001) and
has proved to be the most reliable resource for meeting rural water demand (MacDonald, A.M., 2002 and
Harvey, P.A., 2004). Due to inability of governments to meet the ever-increasing water demand, most
people in rural areas choice to groundwater such as TWs as an alternative water resource. Generally,
groundwater quality varies from place to place, sometimes depending on seasonal changes (Trivede, P. et.
al., 2010 and Vaishali, P., 2013), the types of soils, rocks and surfaces through which it moves (Seth, O.N.,
2014 and Thivya, C. et. al., 2014). Naturally occurring contaminants are present in the rocks and
sediments. As groundwater flows through the sediments, metals such as Fe and Mn are dissolved and may
be found in high concentrations in the water (Moyo, N. A. G., 2013). In addition, human activities can
modify the natural composition of groundwater through the disposal or dissemination of chemicals and
microbial matter on the land surface and into soils, or through injection of wastes directly into
groundwater. Industrial discharges (Govindarajan, M., 2014), urban activities, agricultural waste (Moyo,
N. A. G., 2013), groundwater plumage and disposal of waste (Bello, O. O. et. al, 2013) can affect
groundwater quality.

Poor sanitary completion of tube-wells may lead to contamination of groundwater. Proximity of some
boreholes to solid waste dumpsites and animal droppings being littered around them (Bello, O. O. et. al.,
2013) could also contaminate the quality of groundwater. High levels of Fe, As, Mn, hardness and
microbiological problems have also been reported in groundwater (Van Vuuren, L., 2013). So in this
research potability of water at Kushtia district, Bangladesh have been done which has not been done earlier
so far our knowledge. The aim of this work was to characterize thirty two private TWs with drinking water
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for human consumption concerning their physico-chemical and bacteriological characteristics and possible
impact on public health.

2. MATERIALS AND METHODS

Study Area

Kushtia district is located in the Khulna administrative division of western part of Bangladesh. It is
bordered by the Padma River to the north, Jhenaidah districts to the south, Rajbari district to the east,
Meherpur, Chuadanga districts and Nadia & Murshidabad districts of West Bengal (Indian State) to the

west which are represented in Figure 1.
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Figure 1. Location Map of Kushtia, Bangladesh

Sampling

The drinking water samples were collected for physico-chemical analyses in prewashed (with detergent,
distilled water, diluted HNO; and de-ionized water, respectively) high density polyethylene (HDPE)
bottles (2.0 L) from randomly selected thirty two different sources in the region of Kushtia district. All
samples were kept in the refrigerator at 4 °C to complete the experiment. On-site measurement of water
samples was performed for electrical conductivity (EC), pH, and total dissolved solids (TDS). The water
sample was collected in another 500 mL sterilized borosilicate glass bottles for bacteriological analyses
(Fecal Coliform and Total Coliform) and carried out within 4 h after sampling. The sampling points and
locations were confirmed by GPS meter (MacGellan Triton, USA), as shown in Table 1.

Reagents

Analytical grade chemical reagents were used for the preparation of all solutions. Freshly prepared de-
ionized distilled water was used in all experiments. Arsenic (As), Manganese (Mn), and Iron (Fe) standard
solutions were from Fluka-Analytical, Switzerland. Twenty percent potassium iodide (Sigma-Aldrich,
USA) solution was used to reduce As (V) to As (IIT). Arsenic trihydride (AsH;) generation was performed
with 5 M HCI (Sigma-Aldrich, USA), 0.6% sodium borohydride solution (Sigma-Aldrich, USA). MFC
and mENDO agar were from Himedia, India used for bacteriological test.
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Table 1. Location, Latitude, Longitude & Sample ID of the sampling points

SI No. Upazilla Union Village Latitude (N) Longitude (E) Sample ID
1 Kushtia sadar Jhaudia Ashtanagar 23°46'58" 89°04'47" D-1
2 Kushtia sadar Jhaudia Badunathpur Matpara 23°45'58" 89°04'25" D-2
3 Kushtia sadar Alampur Kathulia 23°50'44" 89°05'36" D-3
4 Kushtia sadar Alampur Alampur Karigar Para  23°49'43"  89°05'52" D-4
5 Kushtia sadar Barakhada  Mangalbaria 23°55'03" 89°06'48" D-5
6  Kushtia sadar Barakhada  Mongolbaria 23°55'02" 89°06'57" D-6
7 Kumarkhali ~ Chandpur D-Chandpur 23°45'56" 89°11'16" D-7
8  Kumarkhali ~ Chandpur Jongoli 23°45727" 89°09'02" D-8
9  Kumarkhali  Jagannathpur Doyrampur 23°53'30"  89°15'30" D-9
10 Kumarkhali  Kaya Baniapara 23°55'15"  89°'09'35" D-10
11 Kumarkhali  Panti Krishnopur 23°47'32" 89°'13'43" D-11
12 Kumarkhali ~ Chapra Varora 23°51'00"  89°12'07" D-12
13 Khoksha Khoksha Rotonpur 23°49'17"  88°16"27" D-13
14 Khoksha Osmanpur  Komorvog 23°46'31"  89°15729" D-14
15  Khoksha Osmanpur  komorvog 23°46'55" 89°16'09" D-15
16  Khoksha Janipur Biharea 23°45'33"  89°18'50" D-16
17 Khoksha Ambaria Ambaria 23°52'30"  89°20'30" D-17
18  Khoksha Gopagram  Khoddosadhua 23°51720" 89°18'09" D-18
19 Khoksha Gopagram  Boroiechara 23°51'03"  89°18'40" D-19

20  Khoksha Samaspur Poddojani 23°49'49"  89°18'35" D-20
21 Mirpur Amla Kuhahbaria 23°5323"  88°56'42" D-21
22 Mirpur Chithulia Dhubail 23°58'07"  88°58'54" D-22
23 Mirpur Bahalbaria ~ Sahabnoger 23°58'06"  89°0224" D-23
24 Mirpur Bahalbaria ~ Khadempur 23°58'43" 89°01'11" D-24
25  Mirpur Fulbaria Mirpur 23°56'03" 88°59'59" D-25
26 Mirpur Poradaha Ahmmedpur 23°53'19"  88°03'45" D-26
27  Mirpur Kursha Kursha 23°50'16"  88°56'59" D-27
28  Mirpur Kursha Essalmaria 23°49'37" 88°57'13" D-28
29  Mirpur Kursha Essalmaria 23°49'15" 88°57'11" D-29
30  Bheramara Dharampur  S.bhabanipur 23°00'58" 88°57'40" D-30
31  Bheramara Mokarimpur Fokerabad 24°04'49" 88°58'57" D-31
32  Bheramara Junaidaha Juniadaha 24°0527" 88°55'56" D-32

Physico-Chemical Analyses

The physico-chemical properties of the collected water samples were measured in terms of pH, EC, Total
Hardness, As, Fe, and Mn. pH and EC of the water sample were measured on-site using a multimeter
(Model HQ 40d, HACH, USA). Meter was calibrated by using two buffer solutions of pH 4.01 and pH
7.00 before analysis. Meter was frequently verified using standard buffer solution after the pH
measurement of each five samples. Meter was also calibrated by using standard 1000 uS/cm NaCl solution
and verified after five measurements for EC determinations. Hardness was determined by the standard
EDTA (0.01M) solution using complexometric titration method. Erichrome Black T is used as an
indicator.

As, Mn, and Fe contents were analyzed by atomic absorption spectrophotometer (Varian AA220,
Australia). The amount of total arsenic was determined by hydride vapor generation process at 193.7 nm
wavelength using argon gas as carrier. Apart from arsenic the amount of iron and manganese were
determined by atomization process at the wavelength of 248.3 nm and 279.5 nm, respectively.

Bacteriological Analyses

Membrane filtration method was used for the presence of fecal coliforms and total coliforms. Aliquots of
100 mL from each samples was filtered using 0.45 pm paper filters. The filters were placed on mFC and
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mENDO agar and then incubated aerobically at 44.5 °C and 37.5 °C respectively for 21£3 hrs. Blue and
metallic sheen (Golden Red) colonies on MFC and mENDO agar plates were purified and used for bacteria
identification tests. Further confirmatory tests were also performed for purposes of identification (ISO,
1986).

Data Analysis

Data for physico-chemical and bacteriological contaminants in drinking water samples were recorded and
analyzed for pH, EC, Hardness, As, Fe, Mn, FC and TC. Mean and standard deviations were calculated.
Errors were calculated to +5% during analysis. Water quality results were compared with the Department
of Environment (ECR’97), Bangladesh and the WHO drinking water quality standards.

3. RESULTS AND DISCUSSION

Physico-Chemical Characteristics

The results of physic-chemical analysis are summarized in Table 2. It is known that water with low pH is
tend to be toxic and with high degree of pH it is turned into bitter taste. According to WHO and BDS pH
of water should be 6.5 to 8.5 though no health-based guideline value is proposed for it. In this study, all
TWs water samples had pH values as recommended by WHO and BDS. It is seen from table 2, pH value
varied within the range of 6.81 to 8.12. Most of the water samples (93.75%) are alkaline but within the
range. Hence, the pH of the water in the study area could be classified as suitable for drinking purposes.
Generally, this parameter does not affect consumers directly, but long term use of water with higher pH
may result irritation of the eyes, mucous membranes and skin (WHO, 1996).

The amount of dissolved mineral salts (APHA, 2005) in water determines the electrical conductivity.
Conductivity varied within the range of 490-1995 ps/cm (Table-2) indicated the presence of several
dissolved minerals in the investigated TWs water samples. From the convention, drinking water has been
categories into 1) good drinking for humans (EC < 800 puS/cm), ii) can be consumed by humans (EC = 800-
2500 pS/cm) iii) not recommended (EC > 2500 pS/cm). On average, 59.37% TWs (19 out of 32) supply
good drinking water and at the same time 40.63% TWs (13 out of 32) supply drinking water which can be
consumed. It is said that drinking water of higher conductivity are not always safe as regular drinking it
may be the cause of hyper tension, kidney failure, stone deposition in various in intestine. According to the
Water Supply (Water Quality) Regulations 2000 (S1 2000/3184 as amended) conductivity of drinking
water higher than 2500 uS/cm at 20 °C are not recommended for human consumption.

Water is considered to be soft, moderately hard, hard, and very hard when its hardness level is 0-60 mg/L,
61-120 mg/L, 121-180 mg/L, and >180 mg/L, respectively (Langmuir,1997). In this study all the samples
are very hard category (Table 3). Hardness of water leads to the formation of scales in sinks, pipe fittings
and cooking utensils. Kushtia is industry based area so ground water is not suitable. It needs treatment
before use.

Table 2. Physico-chemical analyses of groundwater samples

Sample H EC Hardness As Fe Mn
1D P (ns/cm) (mg/L) (mg/L) (mg/L) (mg/L)
D-1 6.92 710 290 0.003 0.04 0.09
D-2 7.11 560 340 0.02 0.04 0.11
D-3 7.10 612 355 0.001 1.45 0.11
D-4 7.00 490 423 0.064 0.11 1.94
D-5 6.81 704 462 0.028 0.16 6.32
D-6 7.03 690 485 0.079 0.04 0.98
D-7 7.82 750 398 0.016 0.1 0.87
D-8 7.91 620 295 0.004 0.05 0.31
D-9 7.83 670 440 0.098 0.05 0.34
D-10 7.80 720 390 0.001 0.61 0.09
D-11 7.65 840 430 0.011 0.39 0.59
D-12 7.42 1830 690 0.006 0.07 0.12
D-13 7.84 960 485 0.005 0.04 0.09
D-14 7.91 780 392 0.002 0.10 0.09
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Sample EC Hardness As Fe Mn
ID pH (ns/cm) (mg/L) (mg/L) (mg/L) (mg/L)
D-15 7.76 770 410 0.013 0.05 0.30
D-16 7.81 800 350 0.005 0.04 0.12
D-17 7.83 840 425 0.009 0.05 0.30
D-18 7.60 890 440 0.02 0.52 4.72
D-19 7.81 840 435 0.027 0.04 3.64
D-20 7.82 830 410 0.022 0.75 4.93
D-21 8.10 580 290 0.001 0.09 0.01
D-22 7.92 680 395 0.001 0.42 0.01
D-23 7.51 1590 740 0.001 0.09 0.01
D-24 7.42 1230 505 0.007 0.22 0.01
D-25 7.83 550 403 0.02 0.09 0.01
D-26 7.93 520 285 0.007 0.92 0.18
D-27 7.71 700 401 0.024 0.49 4.05
D-28 7.62 1995 810 0.002 0.04 0.20
D-29 7.95 700 380 0.001 0.04 0.01
D-30 7.70 894 545 0.003 0.81 1.02
D-31 7.92 660 360 0.022 0.04 0.01
D-32 8.12 910 392 0.006 0.04 0.10
WHO 6.5-8.5 - 500 0.01 0.3 0.5
BDS* 6.5-8.5 - 500 0.05 1.0 0.1

*BDS=Bangladesh Drinking Standards

Conversely it is noted here that recommended values of hardness according to BDS range between 200—
500 mg/L (ECR’97). 84.37% of samples (27 out of 32) presented lower values than permissible limits and
hence suitable for drinking. 15.63% of the total TWs (5 out of 32) exceeded the BDS and WHO limits that
are harmful for the consumers.

Arsenic occurs naturally in all environmental media and is usually present in the form of compounds with
sulphur and with many metals, such as copper, cobalt, lead and zinc. Inorganic As is predominant in
natural waters. There are 18 TWs, 56.25% of the total provide almost As free water. These TWs are
followed both BDS and WHO permissible limit. In this investigation, there are 11 TWs (34.37%) provide
water of As content within the BDS limit (0.001-0.05 mg/L) but higher than WHO guideline. But three
TWs were found (D4, D6 and D9) where As level exceeds 0.05 mg/L, which is unsafe for human. A
number of mechanisms regarding the release of As into the environment have been proposed by different
scientists at different times. Pyrite oxidation hypothesis suggests that pyrite and arsenopyrite are deposited
as pockets in the aquifer sands and are oxidized and released into the groundwater. The oxidation is
initiated by the entry of air into the aquifer due to lowering of water level (Slooff W., 1990), which occurs
because of the large abstraction of groundwater for irrigation. In this hypothesis, the oxidation of pyrite
and arsenopyrite may increase the concentration of sulphate along with the arsenic in studied cases.

Table 3. Hardness of groundwater samples of the investigated area

Total Hardness (mg/L) Nature of Water No. of TW %
0-60 Soft - -
61-120 Moderate - -
121-180 Hard - -

>181 Very Hard 32 100

Large amounts of Fe in drinking water can give it an unpleasant metallic taste and can promote the growth
of bacteria in water (Yagoub, A.E.A, 2009). From the investigation it is seen that Fe content of 23 TWs
(71.87% of the total) follow both BDS and WHO permissible limit. But 8 TWs (25%) provide water of Fe
content 0.30-1.0 mg/L within BDS permissible limit but exceeds the WHO guideline value. This reveals
that water of 31 TWs is safe from Fe concentration according to BDS guideline value. There is only one
TWs that provide water of Fe higher than both WHO and BDS guideline. The percentage and the high
concentrations measured in this area attest that the taste of water (and also the color) is a concern in this
area. It is seen from the table that the highest value is 1.45 mg/L found in sample No. D-3. It may be
suggested that Fe is most probably produced from Fe oxides that occurred in ground water the other
elements e.g., Mn, As etc. are most probably attributed to secondary minerals in the aquifer rocks. Few
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scientists suggested that the presence of Fe in underground drinking water could be due to its percolation
from granitic and metamorphosed rocks into groundwater i.e., water-rock interaction

The central nervous system is the chief target of Mn toxicity (ATSDR, 2000). Permissible limit of Mn in
drinking water upto 0.5 mg/L according to WHO whereas that for BDS is 0.1 mg/L. There are 12 TWs
(37.5%) provide water contain manganese <0.1 mg/L and follow both BDS and WHO permissible limit.
But 20 TWs (62.5%) provide water of manganese concentration higher than 0.1 mg/L, it means that the
water supplied of these wells exceeded the BDS standard guideline value hence unsuitable for drinking
purpose. But TW-ID D-4, D-5, D-18, D-19, D-19, D-20, D-27 and D-30 contain Mn content 1.94, 6.32,
4.72, 3.64. 4.93, 4.05 and 1.02 mg/L respectively and exceed both WHO and BDS guideline. Long term
consumption of such high level of Mn containing water may be detrimental to health; especially to the
baby. Like Fe, it is suggested that Mn is most probably produced from different ores that soluble into
ground water. In other word, the presence of Mn in underground drinking water could be due to its
percolation from granitic and metamorphosed rocks into groundwater. Actually Mn occurs naturally in ores
that may erode into ground water sources.

Bacteriological Analyses

One of the major problem in water potability is microbiological contamination (WHO, 2011). To assess
the bacteriological quality of the samples, the presence of fecal coliforms and total coliforms were
evaluated at 44.5 °C and 37.5 °C. The results of the bacteriological analysis are shown in Table 4.

Bacterial contamination and type of risk is put into the Table 5. From the table, it is seen that 14 TWs

(43.75%) provide FC free water, hence safe for drinking purpose whereas 10 TWs (31.25%) supply TC
free water, hence totally suitable for drinking.

Table 4. Results of bacteriological analyses of the studied groundwater samples

No. of TWs
Sample ID . .
Fecal Coliform, cfu/100mL Total Coliform, cfu/100mL
D-1 4 23
D-2 7 34
D-3 0 13
D-4 19 67
D-5 0 0
D-6 2 11
D-7 13 45
D-8 1 8
D-9 0 5
D-10 33 >100
D-11 7 31
D-12 1 5
D-13 0 0
D-14 2 7
D-15 3 12
D-16 0 2
D-17 0 0
D-18 0 0
D-19 3 15
D-20 1 9
D-21 0 0
D-22 5 12
D-23 0 0
D-24 0 0
D-25 0 0
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No. of TWs
Sample ID . .
Fecal Coliform, cfu/100mL Total Coliform, cfu/100mL

D-26 0 0

D-27 0 2

D-28 11 52

D-29 3 11

D-30 13 62

D-31 0 0

D-32 3 14

WHO 0 0

BDS 0 0

Table 5. Number of TWs contaminated with FC and TC
Category No. of TWs % Type of
cfu/100mL Fecal Coliform Total Coliform  Fecal Coliform  Total Coliform Risk
<1 14 10 43.75 31.25 Safe
1-10 13 7 40.62 21.88 Low
11-50 5 11 15.63 34.37 Intermediate
51-100 - - 9.37 High
>100 - 1 - 3.13 Very High

There is one TW contain higher than 100 no of TC that is very ruinous to health (very high risky
condition). Groundwater can easily become contaminated from sources of contaminants such as
Agricultural runoff, Effluent from septic systems or sewage discharges, Infiltration of domestic or wild
animal fecal matter and through poorly constructed wells. According to WHO and BDS standard, drinking
water must be free FC and/or TC. But in the investigated area some people are drinking FC and TC
contaminated water. Apparently, this is surprising that the people are facing little trouble. For better
understanding a comparative study of the investigation water samples with its recommend standard quality
is shown in table 6.

Table 6. Comparison of water samples with its recommend standard quality

Water quality No. of.samples % of _samples
s1 standard exce_edmg water exce.edlng water
No Parameters Unit quality standard quality standard
) WHO BDS WHO BDS WHO BDS
(2006) (1997)  (2006) (1997)  (2006) 1997
1 pH - 6.5-8.5 6.5-8.5 - - - -
2 EC uS/cm - - - - - -
3 Hardness mg/L 500 500 5 5 15.63 15.63
4 Arsenic mg/L 0.01 0.05 14 3 43.75 9.38
5 Iron mg/L 0.3 0.3-1.0 9 1 28.12 3.13
6 Manganese mg/L 0.5 0.1 10 20 31.25 62.5
7 Fecal Coliform  cfu/100mL 0 0 18 18 56.25 56.25
8 Total Coliform  cfu/100mL 0 0 22 22 68.75 68.75
4. CONCLUSION

25% of the investigated samples were suitable to human consumption both in physico-chemical and
bacteriological consideration. 21.9% TWs provide Mn in the detrimental level. 9.4% TWs are
contaminated by elemental As at dangerous level may cause arsenicosis after long time consumption.
56.3% TWs were contaminated by FC and TC which is totally unusual and have health risks. Its
consumption could bring serious consequences to public health. Continuous monitoring of water physico-
chemical and bacteriological parameters are needed to use them in drinking purposes.
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