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ABSTRACT

The physicochemical characteristics of groundwater Esmollected from Meherchandi area
of Rajshahi City, Bangladesh have been studied for thesmsat of its quality and suitability especially
for drinking purposes. Twenty water samples were colfeétem randomly selected domestic water
supply tube wells throughout the area. Several parameteduding temperature, pH, electrical
conductivity (EC), total hardness (TH), total dissohazdts (TDS), quantity of dissolved anions viz.
HCOy, CI, SQZ, and cations viz. G4 Mg**, F€*, CU*, Zr**, Mn?*and AS" are determined following
standard procedures.

It is observed that the ground waters of the area arspaeent, colourless, odourless and
tasteless at the time of extraction. Descriptivéisties depending upon pH demonstrates that the waters
are in general, alkaline in nature; considering TDSgalndwater samples are rated as ‘fresh water’
and as regards to hardness, water samples of thisaaee@ategorized as ‘very hard’ in quality.
According to drinking water standard, the concentratioh€a, Mg, Fe, Cu, Zn, Cl and $0n the
groundwater samples are within the safe limit causing no toricity; however the abundance of As,

Fe and Mn in few samples may pose potential threats to huralth had environment.

KEYWORDS: Groundwater, Physicochemical Characteristics, Trace MeTalsicological Effects,

Human Health.
INTRODUCTION

Ground water is still the most preferred potable water somraeany developing countries
including Bangladesh. A compilation of recent estimates siggéat over 100 million villagers of
Bangladesh, West Bengal (India), Vietham, China, and dewtrar South Asian countries drink and
cook with groundwater drawn from shallow wells. Onceelveld to be safe from contamination as
groundwater resides many strata below the surface, vaseen proved to be prone to pollution by
several researchers across the globe [1-5]. The suiabiliwater for different uses depends on its
physical, chemical and biological characteristics; thual tahalysis of water of a particular place is

highly essential in order to see whether it is safe towaudsan being and environment. Similar studies

[6-11] have also been reported from the various parts ofvthréd. Taking the above discussion and
citation into consideration, the present study aims toigeosome information on the physicochemical

properties and concentrations of trace metals of groundviaidy occurring at different sites of
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Meherchandi area of Rajshahi City, Bangladesh. The presere pf work is a continuation of our

earlier communications [12-14] reported from this labmmat
EXPERIMENTAL

The Study Area and Environs

Location, extent and accessabilitRajshahi is one of the four big cities in Bangladesh,K2i70
north west-ward away from Dhaka, the capital of Bargdhd&he city is situated on the river Padma and
occupying an area of 97 Kmpopulation is about 0.727 million [15]. The study area is tiutaat
Meherchandi of Motihar Thana under Rajshahi City Corpamaadjacent to the University of Rajshahi.
The area is well connected with Rajshahi Central and otkgict by means of national highway and

railway. Total extent of the study area is approximatelysg.&m.
Water Sampling Technique

20 groundwater samples of 2 litres each throughout #e \@ere collected in dry clean plastic
containers through Hand Pump Tube Wells (HPTW) those wereristant use during the months of
April-May, 2005. Before collecting the samples, the wellere pumped for 4/5 minutes to obtain the
fresh groundwater and then after rinsing the containers wittpedrfresh water, the containers were

filled up.
Preservation of the Samples

From each tube well, two samples were collected in tvpars¢e containers. To prevent any
unwanted reaction, one set of samples is acidified withl.1conc. HCI per litre of the samples for
determination of As, Fe and other metal ions. Aerationavasded as far as possible during sampling.
Samples collected from the study area were carefudlysported to the laboratory and preserved at a

cool place in the dark.
Experimental M easurement

There are certain environment sensitive index paramethish are closely related to the
environment of the water and are likely to be alteredagpling and storage thereby a meaningful value
can be obtained only in the field. The most important enviromnsensitive field parameters are
electrical conductivity (EC), pH, and temperature. Waqteality test kit, Model No. 5, supplied by Abico
Scientific Co., Japan was employed to measure the valup#l in the field within 20 minutes after
sampling. Temperature of the samples is measured gtahbysusing a glass thermometer. Temperature
measurements are important for thermodynamic calculatiatedeto water chemistry. The conductivity
of water samples was measured as soon as possible altetion! A digital EC meter model HI 9033,

Hanna instruments (ltaly) was used for the purpose.
Laboratory Analysis

After collecting, the samples were brought to the latwoy and the pH was again measured by
a digital pH meter (Model: pH S-3c REX, Shanghai, China). ddmentration of metals (Ca, Mg, Fe,
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Zn, Cu, Mn etc.) was determined directly by flame atoabsorption spectrophotometer (AAS) Model
No. Perkin Elmer 3110 (USA) with an air acetylene flaaml single hollow cathode lamp at their
corresponding wavelength. Arsenic and iron were determinedgilbgr diethyldithiocarbamate and
thiocyanate method respectively with the help of UV-Viecdpphotometer (Model ANA-75, England).
Sulphate was determined by UV-Vis spectrophotometer (litybidethod) at the wavelength 420 nm.
Alkalinity (as HCQ) was determined by titration method using 0.02M HCI arethyli orange as
indicator. Hardness of water was determined by complex@ngtation using 0.01 M ethylenediamine
tetraacetic acid (EDTA) disodium salt solutions and Eriochr@iak T as indicator. Chloride was
determined by titrimetric method using 0.05M AgN&dlution in presence of potassium chromate (10%)
indicator. The chemicals used were of analytical g@d®) grade and double distilled water was used
throughout the study. Due care was practiced in ordiiltaw standard methods for the examination of
water [16,17].

RESULTSAND DISCUSSIONS

A total of 20 groundwater samples, collected from diffeq@ates of Meherchandi area of
Rajshahi city, have been studied for their physicochemianpeters in order to determine their quality
and suitability especially for drinking purpose. The sasplere systematically analyzed using standard
physical methods and analytical techniques. Result®louic odour, pH, EC and total dissolved salt
(TDS) are shown in Table 1. After a careful examinatiiis, observed that the ground waters of the area
in general, are colourless, odourless, tasteless, amulddef turbidity. The pH values of the water
samples have been determined in the field as well as ilatbeatory. pH is one of the most important
parameters in water quality management. The pH rangetiedsior the continuation of biological
existence is somewhat sharp and crucial (typicallyt®.8.5) which is the recommended drinking water
standard [18] from the Bangladesh Standards and Testingutinstit(BSTI). However, world health
organisation (WHO) [19] sets the maximum permissible pH rdagerinking water from 6.5 to 9.2.
From Table 1, it is evident that pH of the tube well w&ate the area varies from 6.97 to 7.96 (laboratory
value) which are within the recommended limit. Hence tlp$evalues make the groundwater of the
area suitable for drinking and irrigation purposes. Siegistf analytical results are summarized in Table
4. Regarding pH values, one can see from the table thaétiteal tendency (mean and median values) is
prone towards 7.4, which indicates that these water sammeslightly alkaline in nature. This may
prove helpful in neutralizing excess hydrochloric acid producetieérstomach of the local people and
reduce heartburn. Alkaline pH values are also recorded im oteasurements [20-22]. pH values have

been applied widely and successfully over many years toettgiwholesomeness of water [21].

The conductivity measurements are generally used to iedib& concentration of salts in
water. The concentration of salts depends on the environmexement and source of groundwater. EC
values of the collected samples varied from 611 to 1#®8m" with a central tendency of 8Q@ cm'

(cf. Table 4) indicate high mineralisation of the groundwatégher value of conductivity may be due to

high concentration of ionic constituents present in watlee. gresent value is under permissible limit of
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1400uS cm'*and henceforth potable. Table 2 shows that 8 samples out of B@dee ‘medium’ (250-
750 uS cm?) salinity classes [21]. Also, values for salinity colle expressed as TDS in myLin
effect, the measured EC value is used as a surrogatsume of TDS concentration [23]. The
concentrations of TDS in the study area are found to lieimthe range of 428 to 741 mgl(Table 2).
Water samples containing TDS value less than 1000 nage rated as ‘fresh water’. United States
Public Health (USPH) sets a secondary standard of 500" rfig)S in domestic water supplies for
drinking [24] and the maximum permissible limit of TDS inntting water is 1500 mgt. According to
this standard, the present results indicate thatralirgiwater samples are within the safe limit of TDS
for drinking and other purposes. High levels of TDS @e® reported in literature; for example, TDS
value of groundwater samples of Central and South regfidfalol taluka (India) ranges from 628 to
1920 mg/L and 296 to 2320 mg/L, respectively [25]. Secondanydatds are unenforceable but
recommended guidelines for contaminants that may causeetior aesthetic effects in drinking water.

High TDS concentrations can produce laxative effects andiearag unpleasant mineral taste to water.

The alkalinity of natural water is usually due to the presesicelCGO;, Si0?, HSIO; and
sometimes of C@. Bicarbonate is usually the major anion present in groutredtw&he total alkalinity is
not only due to the presence of HE@nd OH but also to other ions that react with acid. The alkalinit
of water determines the suitability of water for drinkinglarrigation purposes. A critical examination
of data in Table 2 reveals that alkalinity (as H3©Of the groundwater of Meherchandi area varies from
338 to 539 mgl. The mean and median values coincide around 445'n(gf. Table 4). The
concentration of bicarbonate in groundwater commonly remagsstian 500 mgt but the tube well
waters of 1, 2 and 10 exceed this value and samples n8, 841and 18 tend to achieve this value.
Comparing the above data with the standard value, itbeasaid that the groundwater of the area is
suitable for irrigation and acceptable for drinking amduistrial purposes with some reservations.
Hardness results from the presence of divalent metadtiors, of which C& and Md" are the most
abundant ones in underground water. Other cations along withdseimportant anions with which
they are associated are:*SrFeé*, Mn®" and HCQ, SQ?, CI, NO;, SiO?. The frequently used
standard hardness scale as fi@aCQ, classifies water supplies by soft (0-75 nyLmoderately hard
(75-150 mgLY), hard (150-300 mgt) and very hard (>300 mgl). Table 2 records high values of
groundwater hardness that lie within the range from 262 to ¢60gi* CaCQ and with a mean value
of 363 mgl™. After the view of Sawyer and Mc Carty [26], the watefsall tube wells in the present
study area are ‘very hard’ ¢ 300 as CaCg) except tube well no. 16. Hence, the groundwater of the
area is regarded excessively hard and associated with fecadation in boiler units, heating pipes etc.
and needs to be softened if used for industrial purposeettwthe water is near about safe for drinking
purpose since the desirable and maximum permissible linHLJMf hardness values are within 100 and
500 mgl*as CaC@respectively. The hardness of water is not a pollutionnpetier but indicates water
quality, primarily in terms of G4 and Mg, expressed as CaG[24].

Chloride in drinking water is relatively harmless, if prasenamounts below 75 mgisince

permissible limit [24] is 250 mgL The principal source of Cin groundwater is sedimentary rocks;
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other sources include sewage, industrial wastewater andiéutrsea water. Table 2 records the ClI
content of the groundwater samples from 9.22 to 65.23 'mi@iater containing less than 250 migL
chloride ion is suitable for drinking, agricultural,daimdustrial purposes. In view of the above facts, the
chloride content of all the ground waters are within theell recommended for drinking and household
purposes. In potable water, the salty taste produced byo@tentrations is variable and depends upon
the chemical composition of water. If the major cati®iNR, some waters containing about 250 thgL
ClI' may taste salty whereas if the predominant cations arand Mg, the typical salty taste may be
absent [16] in waters containing' €bncentrations as much as 1000 mgChe SQ” is one of the major
anions occurring in natural waters. It has been of utmnggbitance in public water supplies because of
its cathartic effect upon humans when it is present in eixeeasnounts. In the present investigation
SO, concentrations are found in the range of 3.69 to 9.36'm(gE. Table 2 and 4) which are far below
the maximum permissible limit (MPL) recommended by WH®] for drinking and household

purposes.

Of the cations found in natural water systems:' @athe most prevalent one. It is an essential
element for the growth of human body. The MPL of Ca imking water is 100 mgL The Ca
concentration in water samples of the study area ramg@seen 48 and 96 mglL which is within the
MPL. The Mg concentration follows a similar trend liket of Ca. It ranges between 13.2 to 24 thglL
The maximum allowable contaminant level of i drinking water is 150 mgt. Hence groundwater
of the studied area is quite safe for human consumption in tefr@® and Mg concentration. The
distribution of heavy metals in groundwater is an importantcagpfethis study. Fe is one of the most
important metals. All kinds of water including grounderahave appreciable quantities of iron [27]. The
Fe concentration in the study area ranges from 0.06 to 0.52 migh a mean value of 0.18 mgL(cf.
Tables 3 and 4). Iron concentration in water more than 013'nigy not suitable for drinking purpose
[13]. Present results reveal that most of the tube weligain iron less than 0.3 mgLSample no. 20
shows the highest Fe content (0.52 MplSo in the study area, Fe concentrations of 19 wells o2 of

are within the prescribed limit and suitable for drinkngpose.

Zn and Cu are well established as essential elementshéomormal body growth and
functioning. The interaction between the two elements is kntovibe mutually antagonistic and
therefore, the study of one is usually associated with theéysof the other. Zn salts render an
unacceptable taste to water and at higher concentratinayitcause toxic effects. The variations of Zn
concentration range from 0.06 to 0.23 rigand that of Cu from 0.00 to 0.04 myl(Table 3). The
MPLs of Zn and Cu in the drinking water are 5.0 mgind 1.0 mgL}, respectively [24]. Hence all water
samples are free from Zn and Cu contamination. The MPL roirivpotable water [24] is 0.05 mgL
Present results show that Mn concentrations in the sttefy vary from 0.35 to 3.5 mglwith a mean
value of 1.04 mgl* that remains higher than the recommended limit. Therldrecontent is found in
sample no. 13 while the highest value is recorded for samaplé. WHO specifies the desirable limit for
Mn as 0.05 and highest permissible as 0.5 Mmdlherefore, it is obvious that the concentrations of Mn

in the studied ground waters exceed the recommended vatlueammot be considered suitable for
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drinking purpose (in terms of Mn content). Fe, Cu, Zn and Mnraceonutrients and are essential for
human body but toxicological effects are entangled with tlrese metals concentration when exceeds

MPL. Strong relationship exists between trace metalserarations and human health [28].

The results in Tables 3 and 4 indicate that all of theser samples contain As ranging from
trace to 0.065 mgL Arsenic contamination of groundwater at Meherchandi ameaconveniently be
discussed through different gradiag follows: tolerance limit (0.00-0.05 mg), above tolerance limit
(0.05-0.25 mgl?), unaccepted level (0.25-0.50 mt)L.dangerous (0.50-1.00 mg).and most dangerous
(>1.00 mgL") level. From the above breakup, it is clear that 95% of e well waters have
concentrations within the tolerance limit. Only one tulsl WSample 5) water has concentration above
the tolerance limit and may be considered unsafe. The anedyhas plenty of agricultural land and the
majority of inhabitants are farmers. It is to be notect likat arsenic might be generated from fossil fuel
burning. Fertilisers may contain elemental arsenic. AgseAs in the form of arsenite, arsenate and
organic arsenicals may result from the application of ibieibs (arsenic trioxide, mono and disodium
methane arsenate, Na and Ca arsenate and insecticaksu$enates). The ground waters of tube well
no. 7, 10 and 18 contain respectively 0.04 thgl.046 mgL* and 0.05 mgL* arsenic, which are on the
brink of tolerance limit and might be considered unsafe. Mean values recorded for descriptive
statistics in Table 4 indicate that the ground waters in thdiest area are in general within the
permissible limit and hence potable. However, for countiies Bangladesh, which has a significant
groundwater arsenic problem, identification of arsenic-comated wells is quite important and the
situation [29-30] should be handled with due attention.

CONCLUSIONS

From the results of the present investigation, it is concltitktthe quality of water in the area
is in general, good for the utilization in agricultuiatustrial or domestic purposes. However few water
samples were found ‘unsuitable’ for drinking purpose, tdue presence of excess Fe, As and Mn.
Though excess Mn content in the groundwater of Meherchag@ignot posing any immediate threat to
the potability but the status should not let continue uncoedeior the situation may get critical in the
near future. Besides, tube well waters that show highoAteat should be red marked at the earliest
convenience and proper measures should be taken for the tevh&gaand Mn from the contaminated
tube well waters. City Corporation Authority and Publicalfe Department may play a vital role in this

context.
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Table: 1 Resultsof Colour, Odour, Ph, EC and TDS

1 nil nil 6.70 6.97 713 499
2 nil nil 6.75 7.2( 649 454
3 nil nil 6.90 7.15 687 481
4 nil nil 6.95 7.45 618 433
5 light yellowish ret nil 7.30 7.¢ 73€ 517
6 nil nil 7.10 7.5 89t 627
7 nil nil 7.50 7.¢ 611 42¢
8 nil nil 7.30 7.¢ 72E 50¢
9 nil nil 6.90 7.25 851 596
10 nil nil 6.95 7.2( 997 698
11 nil nil 7.00 7.35 1059 741
12 nil nil 7.00 7.4( 802 561
13 nil nil 7.00 7.35 850 595
14 nil nil 6.80 7.25 868 608
15 nil nil 6.95 7.3( 795 557
16 light yellowish red nil 7.00 7.30 642 449
17 nil nil 7.10 7.21 820 574
18 nil nil 7.00 7.5 84t 592
19 nil nil 7.20 7.t 85t 59¢
20 light yellowish re« nil 7.40 7.8 83E 58E
Recom. nil nil 6.5- 8.5 140( 50C
values

Table: 2 Results of Permanent Hardness, Total Hardness, Alkalinity and Dissolved

Anions (All Concentrations are Expressed in Mgl™).

=

1 136 435 539 29.78 7.23
2 116 374 501 9.22 7.59
4 70 339 440 36.87 7.95
5 90 327 384 38.29 6.36
6 62 374 457 65.23 6.36
7 80 310 381 14.89 477
8 105 340 474 35.45 5.46
9 127 402 446 26.94 7.95
10 111 405 522 13.47 5.13
11 102 460 395 19.85 7.41
12 11C 32¢€ 43¢ 15.4¢ 9.3€

13 101 37z 46¢ 14.1¢ 7.5¢

14 10¢ 384 48¢ 10.6¢ 4.0k

15 66 35( 40¢ 39 427

16 80 262 339 14.18 5.13
17 106 356 433 37.58 8.82
18 122 373 461 26.23 8.46
19 85 379 482 16.17 4.23
20 102 366 437 22.69 5.64

Recom. - 200 - 250 250
values

Table 3. Quantity of Dissolved Cations* in Groundwater of M eherchandi area,
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Rajshai City (*All Concentrations are Expressed in Mgl™).
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1 90 24 0.205 0.02 0.06 3.5 0.012
2 80 20.4 0.257 0.02 0.06 17 0.041
3 74 18 0.095 0 0.09 15 0.02B
4 72 16.8 0.105 0 0.1 151 nil
5 70 14.4 0.255 0.01 0.07 1.18 0.065
6 88 19.2 0.0¢ 0.01 0.0€ 0.9¢ 0.041
7 66 13.2 0.105 0 0.08 0.79 0.04
8 84 19.2 0.18 0.02 0.09 1.09 0.0
9 64 21.6 0.115 0.02 0.07 0.6 0.0
10 72 20.4 0.092 0.03 0.08 0.57 0.046
11 96 21 0.096 0.02 0.06 1.21 0.032
12 66 18 0.285 0.02 0.1 0.89 0.033
13 64 16.8 0.182 0.03 0.08 0.35 nil
14 78 20.4 0.175 0.02 0.07 0.54 0.0
15 60 14.4 0.21 0.04 0.0¢ 0.7t 0.01:
16 48 13.2 0.315 0 0.06 0.38 0.018
17 66 18 0.14¢ 0.0z 0.0¢ 0.€ 0.017
18 74 22.¢ 0.09¢t 0.0z 0.07 1.0¢ 0.0t
19 76 20.4 0.06 0.02 0.1 0.79 0.0p
20 80 19.2 0.52 0.03 0.23 0.84 0.015
Recom. 100 30 0.3 1 5 0.5 0.05
values
Table 4 Descriptive Statistics for the Chemical Analyses of Groundwater Samples
Location | Statistics pH EC TDS H+ HCO3 SO42- CI
mgL* mgL* mgL* mgL? | mgL-1 | mgL™?
Min. 6.97 611 428 261 339 3.69 9.2p
Meher- Max. 7.96 1059 741 460 539 9.36 65.p
chandi,
Rajshar | Mear 7.41 792 55E 362 447 6.37 25.4
n=2( Med. 7.3E 811 567 36¢ 442 6.3€ 22
SD 0.26 120 84 44 49 1.74 13.7
Metals | — Ca Mg Fe Cu Zn Mn As
Meher- Min 48 13.2 0.06 0 0.06 0.35 0.1
chandi,
Rajshat | Max 96 24 0.52 0.04 0.2 3.E 0.07
n=2( Mear 74.4 18.F 0.1¢ 0.0z 0.0¢ 1.04 0.0z
Med 74 19 0.1¢€ 0.0z 0.07¢ 0.87 0.0z
SD 11.3 3 0.109 | 0.01 0.04 0.69 0.0p




