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ABSTRACT

The study comprised suitability assessment of giwater of western peri-urban area of Khulna
City Corporation (KCC) for drinking and irrigatioruse. A total of 40 groundwater samples
representative of 4 different seasons were coledtem 5 different sampling locations from
Rayermahal to Sachibunia to analyse major physleentcal parameters and trace metals
according to the Standard Methods. The resultshef dtudy, comparing with the World Health
Organization and Bangladesh Standards, reveal thealsility of the groundwater for drinking
purpose. Suitability for irrigation was also assedsand found low as most of the calculated
parameters reveal high values which can rendemggliand alkali hazard to soils on long term use
in irrigation. The results shown that all the gralwater samples were contaminated with high
salinity in the study area, and are in the ‘Doulbtin Unsuitable’ or ‘Unsuitable’ category and are
unsuitable to irrigate all soils.

Keywords. Groundwater, quality assessment, drinking purpaserobial contamination, WHO,
irrigation purpose, SAR, KI.

INTRODUCTION

Groundwater is one of the major sources of potalater and acts as an important environmental
determinant of the health. One-third of the worldgpulation use groundwater for drinking and
other household purposes (Nicksbral, 2005). Groundwater always contains small amouohts
soluble salts. Untreated municipal sewage, effgileand unplanned industrial and agricultural
operation render the groundwater non-potable ar for agriculture (Bruce and McMahon,
1996). In addition, the presence of toxic pollusafike pesticides, arsenic, nitrate (Bruce and
McMahon, 1996), fluoride (Chandrawanshi and P4#@99), hardness and iron (Sikder et al., 2012)
etc. in groundwater may cause potential healthrdamehuman. Pollution of ground water has been
reported to cause 80% of human diseases and 30&atimhortality in developing countries
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(Chakroborty, 1999). The coastal areas are vulherdbe to high salinity in both surface and
groundwater with the presence of total dissolvetidso(TDS) and some specific chemical
constituents, such as'CNa’, Mg®*, and SG*.

In Bangladesh, the major source of drinking andcafjural water in both urban and peri-urban
areas is groundwater. It is reported in some rexgurts that both the shallow and deep tubewells
in Bangladesh are heavily contaminated with brdckister, toxic heavy metals and arsenic. The
quality of shallow and deep ground water of Khuldidy Corporation (KCC) western fringe is
assumed to be more vulnerable due to some ionigpoonds. This study area lies on young
Holocene-Recent Alluvium of the Ganges deltaicrplainorth and is considered as one of the most
saline affected areas of the country (Rbyal, 2005). Out of approximately one million popubeti

of KCC, only Around 17% of total population of KC&e under the coverage of piped water
supply, whereas the remaining depends on privatshkalled tubewell water. As a matter of fact,
groundwater of deep aquifers are becoming an isorgly popular resource for domestic as well as
for irrigation practices in this study area. Thowgglveral studies have been conducted on natural
waters in the purpose of drinking within the KCf@a but no study has yet been conducted on
groundwater of deep aquifers to screen the quafityater for drinking an agricultural use in this
peri urban area . Therfore, in view of the abowasa an effort has been made to characterize and
evaluate the suitability of groundwater in peri-ambarea of this southwest part of the KCC.

MATERIALSAND METHOD

Collection of Samples

The samples were collected from 5 different sangpllatations along the both banks of the Mayur
River from Rayer-Mahal to Sachibunia (Fig. 1) atagaproximately same distance of 2 Km. From
each sampling locations, two DTWs (deep-tube we#ll}er samples of correspondents of the each
bank of the Mayur River were collected followingtstandard guidelines and continued for 4 times
at an interval of 2 months from August, 2011 to M2@12. The samples were collected after 10
min of pumping the tubewell and stored in polyetimd bottles at 4°C until the analyses were
finished. All bottles washed well had been rinseithvdeionised water before sampling. Two
samples were collected from each area of Rayerm8hahadanga, Gollamari, Mohammed Nagar
and Sachibunia and labelled as R-1, R-2; S-1,G-2; G-2; M-1, M-2 and S-1, S-2, respectively.

Analysis of Water Samples

pH, Total Dissolved Solid (TDS), and Electrical @activity (EC) were measured immediately
after collecting the samples by using a portaltle(jdanna) and an EC/TDS meter (Hanna) at the
spot. Major cations (Na K*, C&" Mg®") and major anions (C| NO;, SQ* and PQ*) were
analyzed were done in the water-chemistry laboyatb Khuna University, Khulna following the
guidelines and procedures of Standard Methods (APE9®9). Moreover some trace metals of
samples R-1 (located at Rayermahal upstream reand)C-1 (located at Sachibunia downstream
reach) were also analyzed in BCSIR laboratory (Bategsh Council of Scientific and Industrial
Research), Dhaka and finally data were arrangeddiar seasons like Pre-monsoon, Monsoon,
Post-monsoon and Winter

RESULTSAND DISCUSSION

The groundwater samples collected from the stuaya avere analyzed for their physical and
chemical constituents to evaluate their quality aodability for drinking use in the study area.
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General bio-pysico-chemical characterization amddontributions of the groundwater samples is
given in Table 1.

Pysiochemical Parameters

The analytical results of pH, EC and major ionggundwater of the study area were compared
with the standard guideline values recommendechbywYorld Health Organization (WHO, 2011)
and Bngladesh Standard (Ahmed and Rahman, 20@3)ctrtain the suitabilty for drinking purpose
(Table 1). The table shows the maximum allowabeité of the water quality parameters *
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Figure 1. Study areas and sampling locations.

and the samples exceeding the recommended limiitsditates that the values of pH were quite
satisfactory as being within the standards irrepeof all seasons. Conductivity is a measurement
of the ability of an agqueous solution to carry &tkical current. The values of EC in all sampling
regions exceeded the standard limit in all seagdn®e-monsoon, monsson, post-monsoon and
winter. It indicates the presence of high amountaoic compounds in the ground water that
eventually contributes high salinity in this southesgion. In addition, it also contributes highSD

in the water sample and thus make the water vubteefar drinking purpose. The values of TDS is
high in compare with the standard of WHO, 2011hie $amples of Rayermahal area in all seasons;
in Shonadanga and Gollamari during monsoon. Elev@itessolved solids can cause "mineral tastes”
in drinking water. Corrosion or encrustation of aliét surfaces by waters high in dissolved solids
causes problems with industrial equipment and ®iés well as domestic plumbing, hot water
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heaters, toilet flushing mechanisms, faucets, aladhiwg machines and dishwashers. Indirect
effects of excess dissolved solids are primarity ¢hmination of desirable food plants and habitat-
forming plant species. Agricultural uses of water livestock watering are limited by excessive
dissolved solids and high dissolved solids can peohlem in water used for irrigation. Dissolved
oxygen (DO) is said to be the controlling paramefenealthy potable water. All sampling stations
in study area were within the threshold limit recoemded by the WHO and thus suitable for both
drinking and agricultural purposes.

Among the cations, sodium is the most dominanboat groundwater of the study area and shows
a excedding concentration of Naomparative to the WHO (WHO, 2011) and Bangladesh
standards (Ahmed and Rahman, 2000). The table stimvsamples those exceeded the standard
limits for Na were counted for about 30%, 40%, 60% and 60% inmbaths of pre-monsoon,
monsoon, post-monsoon and winter. The other maores and anions of all samples, beyond the
seasonal classifications, were completely withia thaximmum permissible limits of WHO and
Bangladesh Standards indicating their suitabilitydrinking use.

According to Davies and DeWiest (1966) classifmatthe groundater samples of the study area
were within the desireable to permisisble limit.the classification based on Freeze and Cherry
(1979), irrespective to the seasons all the samplee considered as freshwater type. The
classification of groundwater shows that most @& #amples fall in the soft category for all the
seasons of the years. Only S-1 of pre-monsoon aiidoMpost-monsoon shows hard to moderately
hard quality respectively. Phosphates enter watgsvilmm human and animal waste, phosphorus
rich bedrock, laundry, cleaning, industrial effltegrand fertilizer runoff. These phosphates become
detrimental when they over fertilize aquatic plassl cause stepped up eutrophication. If too much
phosphate is present in the water the algae andsme#@l grow rapidly and thus directly affects
human health. Unfortunately, all samples consibig amount of P¢)" ions. The variance of data
for all sampling stations in all seasons were dated to measure the difference of data value from
the mean value in all sampling stations. Surpriginipere were significant differences among all
calculated variances in all sampling stations. Hmalysis clearly depicts the individuality of wat
quality in all sampling regions. Furthermore, indae also predicted that the parameters will show
different trend in different seasons and thus tlatewquality scnerio of groundwater in the study
area will be surely different in each seasons

Metalslons

Again, the analyzed trace metal concentrationsl€rapin the groundwater samples (R-1 and C-1)
of the study area were within the permissible limitthe WHO (WHO, 2011) and Bangladesh
Standards (Ahmed and Rahman, 2000) except irong¢atiag their suitabiltiy for the use in
drinking purpose. Thus, the geo-accmulation facamd the enrichment factors of these metals will
be surely low.

Correlation Analysis

The correlation matrix was calculated with the pbgisemical parameters. Accordingly, it was
evident that pH, EC and TDS were highly correlatéth EC, TDS, N@, SO and PQ*. pH was
also highly correlated with EC and TDS. DO was elated with K, Ca and Cl. Na" and K were
correlated with S¢ and C& respectively. N@ was variably correlated with S©and PQ*. In
addition, SG was highly correlated with P®. Furthermore, the total cation and the total anion
were shown some positive correlation with the pbgisemical parameters as expected (Table 3).
Alternatively, some negative correlation were alsonoted (Table 3).
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Table 1. Physiochemical characteristics of ground water $asnjn Western peri urban part of

KCC.
Sample  Semons  pH EC D5 D0 NI X [ T (o WO, 507 PO Toml  Tetal
o (Sicm)  (mgl) (mgl) (mgl) (mgl} (mgLl) (mgl) (mgl) (mel) (mgl) (mgl) cation amim
] Tre- 708 - 130 613 13 | ENE] § 3 TR 5 I T (53] 9d 116
E0ns00n
Momsoon 18 1300 649 15 539 134 : 44 4 18 EA ] 048 a2 BN
Dost- 7M1 08 13 3444 137 B i$ 80.7 1456 14 066 1571 1318
00N
Winzar P B 615 1 M1 31 § § 885 41 15 0.3 1954 171
Avenge TEOI1BEW GIBT 240 ELIBE 174 W 5l BE W 140 053 1668 13
STDEV 013 4505 b T T 5363 191 115 115 1036 036 1l 0.8 65 2w

Variance 004 10203 4R 048 0404 084 133 11 37485 013 in e 1331 570

R-2 Pre- T2 1M il 39 1052 [EH 7 41 51 26 14 im 018 1146
DON00L
Monsoon 711 1093 345 1 184 i 7 if 531 3 114 043 1071 124
Boat- 71 1055 7 18 Ml 508 § P4 631 0 41 047 1534 1214
WONE00N
Winter 73 1003 301 44 1654 326 4 73 531 73 g 036 1241 1538
Avemgz R R U R+ e B £ 1550 33 55 ill 3118 346 123 0.53 185 123
STDEV f42 3007 19:67 161 5301 206 150 158 48 £ 142 013 162 187
Variance 019 I5ML 369 141 343581 425 13 iR 1357 73 18 ULER 6.88 351
21 Pre- 811 850 474 4 1503 054 4 3 531 P 1.57 1n T [
DON00L
Monsoon ) S L1 310 18 1012 152 3 if 3543 4 44 083 BE o
Bost- TRL M7 434 18 1354 361 ] 14 481 0 58 052 1076 240
WONE00N
Winzar 78 85 477 15 1604 1462 3 14 531 167 1 L2 737 1071
Avergs 787 85730 487 188 18518 177 3.00 185 4740 13 in 00 g40 1002
STDEV LI7  4647 1 [ i04g 131 082 057 838 L2 131 032 L 051
Variance po3 U7TE B3R O 155830 1.7 67 B33 18 136 332 010 i 026
51 Pre- 7RSO TR0 104 il 14 [ § 4 3543 036 0.7 [k 1M 8
mONS000
Monsoon 807 846 43 13 1623 15 3 41 153 216 118 03 761 886
Bost- 807 T 3 1 1934 48 3 3 13 036 140 04 205 B0E
WONE00N
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‘Winter .87 790 385 18 131 213 4 3 383 174 1.73 L5 §.63 827
Averags T BOL.O0 .73 10e 160.23 2.60 375 1380 3164 121 154 0.30 B.36 836
STDEV 010 304l 1483 075 2418 17 0.06 2081 6.20 0.8 0.75 017 157 0.47
Varianca Dol 02487 119 0.56 58368 19 nex 43105 3547 0.78 056 03 2148 022
1 Bre- 827 oG55 478 Lo 208 5 44 3 i 532 177 27 146 938 1286
IEETE00N
Monzoon T2 1068 534 14 351 147 4 13 355 4125 106 0es 14.08 1252
Dost- 83 o74 488 15 32 341 F 14 173 04 6.02 061 1353 1L16
0TSO0
‘Winter T84 a0 485 a7 265.4 153 a5 17 332 529 jos 156 1193 1323
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STDEV 06) 49061 50 nig 4771 128 138 R E] 1302 a7 137 044 211 0.73
Varianca D35 1260002 61058 035 2175.68 184 180 035 15062 430 1.80 ol 244 154
-1 Pre- 09 021 160 14 1853 044 4 12 1025 0.47 0.03 103 B85 1133
IEETEO0N
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Dost- ils 890 49 n 25113 331 F 13 T0.9 045 4.08 0.66 1126 27
TS0
‘Winter T.78 L1k} 433 12 1009 132 3 18 ] 131 101 114 202 L) |
Averags 805 02130 260,50 103 508 1.51 300 150 80.15 L4 188 084 247 1017
STDEV 013 1728 13.77 033 2512 125 022 0335 1233 0.8 LEl 0.25 110 078
Varianca L] T43.00 189.57 oIl 630,84 155 0.67 012 37163 0.78 328 0.06 121 061
-1 Bre- T8 827 413 ia 1534 147 & EX 709 025 E01 035 T4 1184
IEETEO0N
Monzoon 811 837 418 13 2767 334 El 48 532 077 181 0323 1247 10.13
Bost i1l tiv) | Ha X 2002 638 ] T4 673 033 388 03 10.58 899
TS0
‘Winter T8 723 401 12 131 142 3 ig 709 3 14 03 FR | 218
Averags To5 §20.00 410.50 12 128,60 635 ] 415 6558 0.87 118 0.35 .58 286
STDEV 012 1792 T.35 n.od 3574 3.51 9.73 17 42 084 1.33 014 243 089
Variance ood 32133 3700 0o3 310715 31.30 5.00 311 Thad n.ap 174 0.02 600 098
M2 Pre- 67 800 401 i3 1584 289 12 43 709 056 173 0.3 539 [T
IEDTEON
Monzoon .82 804 403 La 1744 208 8 6.6 5049 0ie 008 012 854 171
Bost T.82 TEE 305 X1 1364 786 6 & 433 0.0o 206 0.4 a.93 158
TS0
‘Winter T38 i 302 kb | a1 135 7 72 709 111 137 0.26 10.58 8.5
Averags T67 0773 21713 240 825 6.15 58,00 0.54 181 0.34 1091 530
STDEV 621 10.63 312 0.E3 135.50 130 163 102 1200 0.43 0.8 0ie 580 037
Variance ood 11282 26.15 070 12410.81 b [ 6.0 1035 19542 o.1e 0.60 0.04 3473 .50
-1 Pre- [ 853 417 4 1832 147 [ 34 8B4 03 08 043 901 10.53
IEETEO0N
Monzoon TE3 ] 471 L3 1752 334 ] 34 To.a 103 413 047 544 105
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IRIE000
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Averags TH O el MM 16 16713 i0e 3.5 615 L R 188 052 a0 10.75
STDEV 0I1 418 10.61 1 3165 ix R 145 a1l M 14 a0 140 047
Viariance 001 176002 4MET 130 lofd2d  10M 03 1 85108 071 140 01 147 e
C1 Pre- 731 0l 461 18 o7 §29 T 48 1063 581 ik 034 136 1
IIONE00T
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Dot i I8 43 1 nié 4§78 T k| i 48 187 035 15 1038
IRTE000
Winter TH L 41 1475 136 5 ] 1063 pAH Laf 032 125 1132
Memp T OEES) N IR BB S 6R M B4 4 26 0 N@ 1
STDEV 038 4540 3t 1M S04 178 L1l 048 1285 133 195 004 13 in
Variance 013 7o SN: 106 ST R R 1) 11 04 s 4l EH .00 L 031
WO g:u 150 5 i m T 00 043 10 [}
-= Not lmown.
Table 2 Concentration of frace metals i groundwater of the study area.
Sample Cu Fe Mn In Ph Cr As !
D
(mgml) (mgml) (mgml) (ngml) (mgwl) (mgml) (mgml) (mgml) (mgiml)
R-1 0.68 4 1 15 0.76 0.015 180 0.7 15
C1 0.54 64 6 19 1.02 0.008 1.96 04 1.2
WHO- 2000 50 10 3000 10 30 10
2011
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Table 3. Correlation analysis of physiochemical parameters at all sampling points.

Total  Total
pH EC IDS DO Na- K Ca- Mg Cf NO3- 504 PO+  cation anion

pH

EC 0.57 1.00

TDS 0,56 100 1.00

DO 095 040 040 1.00

Na© 012 045 045 002 1.00

K 098 066 066 095 006 1.00

Ca” 091 081 080 076 005 092 1.00

Mg+ 008 055 055 018 098 026 013 1.00

cr 070 018 019 082 042 062 036 026 100

NOy 0.73 097 097 056 025 079 093 039 003 1.00

E-',Df' 0,52 098 098 040 o060 064 073 070 020 092 1.00

POf' 0.8 078 078 086 036 095 086 0354 042 084 0.81 1.00
Total - -

cation 032 029 029 021 098 014 025 092 051 006 045 0.16 1.00

Total -
anon 008 086 086 006 071 022 040 071 0.62 0.71 0.39 045 0.63 1

Values in bold are different from 0 with a sigmficance level of alpha = 0.05.
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Figure 2. Presence of cationic and anionic compounds is&neples.
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Correlation of the parameters may be due to amacten between the different parameters in the
adjacent water samples in the study area. The eswtthese parameters may be the industrial
operations on the banks of rivers (Sikder et #13). Urban runoff and sea water intrusion could
be a source of these parameters, especially imthg season, as all sampling location were in the
coastal belt. The results were also supportediéyptesence of high level of KCa , Na and C&
along with the presence of NOSQ? , PQ> and CI (Figure 3).
A maximum of 60% sodium in groundwater is allowed &gricultural purposes (Ramakrishna,
1998). The Na% in the groundwater samples of al$ses indicate that most of the samples (90%)
are unsuitable for irrigation. Only one sample oé&-monsoon is within permissible limit. In
addition to this, some indices such as residuaiupoctarbonate (RSC), permeability index (Pl),
Kelly’s index (KI), magnesium hazard (MH), Base leange and Meteorogenesis have been utilize
to verify the quality of groundwater for irrigatiarse.

CONCLUSION

The groundwater of the western peri-urban fringeéhefKCC is dominated by Nand Clions. pH
values reveal that the groundwater is alkaline ature. The overall groundwater quality of the
study area was evaluated by WHO and Bangladeshiast@s and found suitable for drinking
purposes. With respect to the agricultural useai found that most of the sources had high value
of SAR, RSC, SSP, and Magnesium hazard and waben these sources was found to be
unsuitable for irrigation on long-term use. Suchtewacan be used over coarse textured, high
organic content soils with good drainage or longateuse might render the soil infertile.
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