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INTRODUCTION

Groundwater is a suitable source for drinking and
irrigation purposes. However groundwater suitability
for drinking and irrigation is affected due to increase
in industrialization and urbanization over the last sev-
eral decades1,2. As a consequence of this considerable
portion of inorganic and organic contaminants enters
into the groundwater, hence its suitability for drinking
and irrigation remained unanswered. In addition to that
successive application of mineral fertilizers to soils can
become a source of groundwater contamination3. In a
study4 found that the concentrations of NO3 and Cl
ranged from 0.3 to 155 and 10 to 464 mg L-1 in ground-
water samples collected from densely populated and
agricultural areas. They concluded that increase in in-
dustrialization; urbanization and successive applica-
tion of mineral fertilizers are deteriorating the ground-
water quality. Addition of excessive amount of gypsum
to salts and dissolution of gypsum releases SO4

2- and
CO3

2- content in groundwater thus changes the sodium
adsorption ratio and residual sodium carbonate of
groundwater hence become unsuitable for irrigation
practices. In a study5 it is reported that sulphate and
nitrate content in groundwater was increased from 8 to
69 and 0.5 to 1 mg L-1 in groundwater samples collected
from tube wells located in the agricultural fields.  The
study concluded that this is more likely because of
successive application of mineral fertilizers to soils and
downward leaching of such compounds into ground-
water.
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ABSTRACT

The main objective of this study was to estimate the suitability of shallow and deep groundwater wells for
human and animal consumption from water quality index for irrigation and drinking purpose. A total of 95
groundwater samples at 1.5 to 30 m depths were collected in triplicate during wet and dry seasons. All samples
were analyzed for pH, EC, TDS, SO4

2-, HCO3
-1, CO3

-2,Cl-1, Ca2+, Mg2+, Na+ , Fe+3 and K+   The result of this study
showed that according to water quality index (WQI) of WHO all groundwater samples were categorized as good
water and considered suitable for drinking apart from a few exceptions. The Sodium Adsorption Ratio of all
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Carbonate. This suggests that groundwater is suitable for irrigation purpose in all seasons.
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Apart from anthropogenic activities that cause
deterioration of groundwater quality, seasonal varia-
tions may also contribute significantly in degrading
the groundwater quality due to groundwater recharge.
During high rainy season because of rainfall recharge
waters, dissolution of saline sediments usually occurs
and results in groundwater having high content of
Ca-HCO3 and Ca-Cl-HCO3

6,7 Similarly in dry season
when evaporation exceeds precipitation, upward move-
ment of salts usually occur and surface salinity is
commonly observed in dry areas.

Groundwater is a primary source of water for
human and animals. Nevertheless, requirement and
quality of groundwater cannot be ignored since in-
dustrial revolution and intensive urbanization. Like
other growing cities in the developing world, Peshawar
is also facing the same problems where groundwater
quality is slowly and gradually affected due to in-
crease in industrialization and urbanization. Several
previous studies such as8,9,10 were focused on under-
standing the impact of industrialization on groundwa-
ter chemical and physical characteristics. However,
very little information is available on understanding
groundwater suitability for drinking and irrigation
purposes. This study aimed to evaluate groundwater
suitability for drinking and irrigation purposes and
then to estimate the impact of seasonal changes on
groundwater quality. For that purpose shallow and
deep groundwater samples were collected within
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Peshawar Basin and analyzed for physical and chemi-
cal characteristics according to standard methods10.
Suitability of groundwater for drinking purpose was
determined from water quality index as suggested by
WHO whereas use of groundwater for irrigation prac-
tices is estimated from Sodium Adsorption Ratio, Na
content and Residual Sodium Carbonate. The effect
of seasonal variation of groundwater quality was also
estimated.

METHOD AND MATERIALS

SITE LOCATION

PESHAWAR BASIN AQUIFERS
The southwestern part of Peshawar basin is com-

posed of thick layers of gravel with sand followed by
clay and then sand, whereas the central part is com-
prised loess and lucastrine sediments with a thick-
ness more than 15m. However, aquifer in the north-
west is comprised several beds of gravel with sand
with depth up to 46 m Figure 111.

GEOLOGY OF PESHAWAR BASIN

Peshawar basin is an in tra mountain basin
(>5500 km2) situated at the southern margin of the
Himalayas and northwest of the Indus plain in the
Khyber PakhtoonKhwa (KPK) of Pakistan. It is
bounded by the mountain ranges of Khyber in the
west and northwest, Attock Cherat in the south and
Swat in the north and northeast while the Indus river
borders its southeastern side where it is open for
discharge of water. Peshawar, the capital city of KPK
Nowshera, Charsadda and Mardan are the major cities
of this basin.  River Kabal its tributaries and river
Swat drain and irrigate the basin . The Peshawar basin
has Quaternary flanglomerates along the margins of
the basin while the central part of the basin is gen-
erally covered with fluvial micaceous sand, gravels
and lacustrine deposits. On the basis of varying
lithologies, Quaternary sediments, soils and hosting
aquifers, the Peshawar basin are classified as
Peshawar piedmont, Peshawar floodplain and Peshawar
lacustrine sediments, soils and aquifers respectively11.

Figure 1. The location of water samples from Peshawar basin12.
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The central part was composed of thick fluvial
and lacustrine sediments of calcite, quartzite, dolo-
mite and limestone which were deposited from Kabul
and Indus rivers over the last several years3.

PeshawarBasin is drained by Kabul, Swat, Bara
rivers and Kalapani nala. Kabul river is the main drain-
age source in the west and central part of Peshawar
Basin and all other rivers diverted to Kabul river. Bara
river drains the south of the Basin whereas Swat river
drains the Basin in the northwest. Groundwater is
used for drinking and irrigation purposes. Groundwa-
ter table fluctuates during rainy and dry seasons. The
climate of the Basin varies from semi-arid to sub humid
to subtropical. Rainfall ranges from 340 to 630 mm13.

SAMPLE COLLECTION AND ANALYSIS

Groundwater samples were collected randomly
from northeast, central and southern sites of Peshawar
Basin. The depth of tube well (deep groundwater)
was more than 30m and dug well (shallow groundwa-
ter) with depth of less than 1.5m. Groundwater samples
were collected twice in a year during the months of
January and June from 95 sampling points within
Peshawar Basin (Figure 1). About 200 mL of shallow
(less than 1.5m) and deep (more than 30m) groundwa-
ter samples were collected from dug well and tube
well and were placed in 250 mL plastic bottles. About
100 mL of subsample was removed from bulk sample
and placed in 150 mL of plastic bottles and was acidi-
fied with 1 mL of HNO3 (5%) and stored  in the
referegerators in laboratory for further analysis.

The pH, EC, TDS, major cation and anions such
as Ca, Mg, K, Fe, Na, HCO3, SO4, Cl, CO3 in ground-
water samples was determined by the method as de-
scribed by American Public Health Association11. TDS
was analyzed by the volumetric titration method.

All data were analysed by multifactorial analy-
sis of variance (ANOVA) using the software package
“Excel 2003”14. Breakdown of ANOVA,s was carried
out to show significant differences between the
samples for selected subsets of data. Confidence
values (p) are given in titles of all tables for least
significant differences where shown. In tables differ-
ent letters within columns are significantly different at
the 5% level of probability.

RESULTS AND DISCUSSIONS

The pH of shallow groundwater in wet and dry
season ranged from 5.2-8.6 and 5.1 to 8.9 whereas pH

of deep groundwater ranged from 4.5 to 9.9 and 5.1 to
10.1 in both seasons. pH was significantly different
(p<0.05) between shallow and deep groundwater in
dry season. The pH of some deep groundwater
(Sample No’s 56, 57, 60, 72, 82) was less than 4.5 and
was acidic in dry season and this is more likely be-
cause of the dissolve minerals derived from acidic
rocks. Whereas exceptionally high level of pH 10.1
was noted in deep groundwater samples No 5 col-
lected from industrial estates of Peshawar Basin. The
pH values of all shallow and deep groundwater
samples were within the maximum permissible limits
for groundwater as recommended by15,16 apart from a
few exceptions. EC in shallow and deep ground water
ranged from 65 to 1828 and 52 to 1108 mS cm-1. All
groundwater samples have EC less than 1400 mS
cm-1 (15) except for deep groundwater samples No 26,
33, 58 and 76. It was noted that EC was significantly
greater (p<0.05) of some deep groundwater samples
collected in dry season than wet season. Total dis-
solved solids of shallow and groundwater samples
remained within the maximum permissible limits of 1000
mg L-1 as recommended by15. Only deep groundwater
sample No 58 shows TDS greater than maximum per-
missible limits (1000 mg L-1). However, TDS of shallow
groundwater was significantly greater (p<0.05) than
deep groundwater (Table 1).

HYDROGEOCHEMICAL CHARACTERISTICS OF
GROUNDWATER

Scatter diagram of Ca+Mg vs SO4
- + HCO3

-is
presented in Figures 2a-c. Scattered diagram of shal-
low groundwater in wet season shows that Ca+Mg
are in high content in water than SO4

- + HCO3
-. This

suggests an extra source of dissolution of silicate
minerals in water17. However, reverse was observed in
dry season of shallow groundwater table where SO4

-

+ HCO3
- is dominant in water than Ca+Mg. The result

of this study is in agreement with the findings of
other studies18-22. However, during wet season Ca-Cl-
HCO3was in abundance in both groundwater samples.
This agrees with the findings of (6) that Ca-HCO3

content is indirectly related with the EC content of
groundwater. During wet seasons EC is low because
of recharge of groundwater hence Ca-HCO3 content
increases whereas during dry season when evapora-
tion is greater EC is greater and groundwater is not
recharge therefore Ca-Cl-HCO3 content is in abun-
dance in groundwater. They concluded that this is
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more likely because of the recharge process rather
than geochemical characteristics of groundwater. The
result of this study is not in agreement with the find-
ings of another study23 who reported that the ground-
water was enriched with Cl during monsoon season.

CALCIUM AND MAGNESIUM CONTENT OF
SHALLOW AND DEEP GROUNDWATER

The data presented in Table 2 shows that Ca
content ranged from 10 to 76 and 9 to 90 mg L-1 in
shallow and deep groundwater during wet season
whereas in dry season Ca content ranged from 16 to
88 and 12 to 93 mg L-1in both groundwater. However
the mean content of Ca was greater in shallow ground-
water in dry season than wet season. Calcium content
in both groundwater remained within the maximum
permissible limits for Ca of groundwater (200 to 500
units) in both seasons (15:16). However, Ca content
reached to maximum >90 mg L-1 in one of the deep
groundwater. This support the contention that the
geochemical features of the aquifer reflects the com-
positions of cations in groundwater. This agrees with
the findings12 that calcite and dolomite are the domi-
nant bedrocks of most of the aquifer system of
Peshawar Basin hence groundwater is dominated
with Ca.

Magnesium content of shallow and deep ground-
water ranged from 18 to 85 mg L-1 (Table 1). Magne-
sium content remained within the reported value for
Mg according to (15; 16). Nevertheless shallow
groundwater sample No 77 has Mg content of 180 mg
L-1 but some of deep groundwater and most of the
shallow groundwater showed Mg content greater than
50 mg L-1. The greater content of Mg in deep ground-
water is most probably because of the bed rocks.
High content of Mg (180 mg L-1) in shallow and deep
groundwater of this study than maximum permissible
limits for Mg (100 mg L-1) (16) revealed the contention
that dissolution of gypsum added significant portion
of Mg to groundwater. The results of this study agree
with the findings of another study24. They reported
that Mg content was more than 322 mg L-1and con-
cluded that this is because of dissolution of calcite,
gypsum and dolomite from source rocks.

SODIUM, POTASSIUM AND IRON CONTENT IN
SHALLOW AND DEEP GROUNDWATER

Sodium content in shallow and groundwater
ranged from 22 to 83 and 9 to 193 mg L-1. in both
seasons. The average content of Na in deep ground-
water remained within the permissible limits for Na in
groundwater (200 mg L-1) (15).

Table 1. Physical and chemical characteristicsof shallow and deep groundwater of the aquifers of Peshawar
Basin during wet and dry seasons.

Parameters                    Shallow groundwater                            Deep groundwater
Seasons Wet season Dry season Wet season Dry season
pH 5.2-8.9 (6.9)* 5.1-8.6 (7.7) 4.5-9.9 (6.9) 5.1-10.1 (7.2)
EC (m S/cm) 578-619 (598) 540-590 (564) 424-454 (438) 540-549 (545)
TDS (mg/L) 356-382 (370) 371-382 (376) 270-282 (276) 271-270 (270)
SO4 (mg/L) 8-1355 (162) 9-1350 (160) 6-1313 (96) 8-1306 (98)
Cl (mg/L) 14-901 (119) 16-902 (122) 12-234 (65.29) 15-234 (66.31)
HCO3 (mg/L) 61-423 (194) 65-412 (196) 21-366 (181) 26-368 (178)
CO3 (mg/L) 25-325 (125) 32-386 (165) 12-203 (125) 15-286 (127)
Ca (mg/L) 10-76 (39) 16-88 (46) 9-90 (37) 12-93 (37)
Fe (mg/L) 1-215 (36) 2-211 (40) 1-693 (49) 0-687 (50)
K (mg/L) 3-26 (8) 4-36 (9) 2-10 (4) 3-10 (6)
Na (mg/L) 22-83 (48) 30-89 (52) 9-193 (42) 10-191 (46)
Mg (mg/L) 22-180 (56) 19-168 (59) 16-65 (36) 18-61 (40)

* data in paranthesis represent average content of n=3
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Figure 2: Ca+Mg vs SO4+HCO3, Na vs Cl and Ca vs Na scattered diagram showing silicate weathering and
abundance of Ca, Mg and Na in deep groundwater during wet and dry seasons.
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Potassium content in shallow and deep
groundwater varies from 3 to 36 and 2 to 10 mg L-1in
both seasons. The greater content of K in shallow
groundwater than deep groundwater in this study is
most probably because of dissolution of K bearing
mineral fertilizers added to soils. Potassium is found
in feldspars, micas and clay minerals.

Iron content in shallow and deep groundwater
ranged from 1 to 215 and 0 to 693 mg L-1. The content
of Fe in both groundwater remained less than 300 mg
L-1 except for deep groundwater sample No 6 of
Hayatabad25. The greater content of Fe in deep ground-
water is most probably geochemical characteristics of
the aquifers. There was no significant difference
(p<0.05) in the mean content of Fe of shallow and
deep groundwater samples during wet and dry sea-
sons apart from a few exceptions.

WATER QUALITY FOR IRRIGATION PURPOSE
SODIUM ADSORPTION RATIO (SAR)

Sodium adsorption ration (SAR) is calculated
using the formula26.

SAR =
Na

(CA )+(Mg   )++ _ _

SAR is an estimate of salinity and alkalinity of
groundwater and for suitability of irrigation. SAR for
shallow and deep groundwater was less than 10 and
suggests excellent water for irrigation purposes27

(Table 2).

RESIDUAL SODIUM CARBONATE

Residual Sodium Carbonate (RSC) was determined
using the formula28.

RSC (meq L-1) = [ (HCO3+CO3) – (Ca + Mg) ]

Residual sodium carbonate ratio for shallow and
deep groundwater during wet and dry season ranged
from -0.51 to 15.86 (Table 2). Most of the deep ground-
water samples and some of the shallow groundwater
samples has RSC more than 2.5 meq L-1. Therefore
such groundwater is considered to be unsuitable for
irrigation29.

WATER QUALITY FOR DRINKING PURPOSE
WATER QUALITY INDEX (WQI)

Standards15 for groundwater quality suitability
for drinking purpose was used to calculate WQI. Prior
to calculate30,31 WQI for drinking purpose, quality rat-
ing was calculated using the formula as below:

Quality rating (Qi ) = 100 [(Vn-Vi)/(Vs-Vi)]

Vn= Actual amount of the nth parameter

Vi= the ideal value of this parameter, vi is zero for all
parameters except for pH which is 7.0.

Vs= recommended WHO value for this parameter

Relative weight (Wi) was calculated using the follow-
ing formula32

Wi = 1/Si

Si = WHO standard value for the respective parameter

Total water quality index was calculated using the
following formula33

WQI= Σ (Qi) Wi / Σ Wi (WQI)

WQI for shallow groundwater in wet season = ΣWiQi/
ΣWi = 95.03

WQI for shallow groundwater in dry season = ΣWiQi/
ΣWi = 56.83

WQI for deep groundwater in wet season = ΣWiQi/
ΣWi = 89.55

WQI for deep groundwater in dry season    = ΣWiQi/
ΣWi = 86.78

Mean values of various parameters used to
calculate WOI of shallow and deep groundwater dur-
ing set and day reasons are presented in Table 3.

When water quality index of shallow and deep
groundwater was compared with the water quality
classification it was observed that WQI of shallow
and deep groundwater in both seasons were placed in
the good water class (50-100) (Table 4). The result of
this study is in agreement with the findings of
vasanthaniam et al 24 and Tendel et al 33 who re-
ported that lake water is classified into good water
category according to water quality classification and
is best suitable for drinking purposes in winter and
summer seasons.
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CONCLUSIONS

• The pH, EC and TDS of both shallow and deep
groundwater are within the WHO reported val-
ues for groundwater apart from a few excep-
tions.

• Sodium Adsorption Ratio of both groundwater
was less than 10 irrespective of the season clas-
sifying groundwater as excellent. However, some
shallow groundwater is alkaline during dry sea-
son with SAR greater than 10. This revealed the
contention that evaporation and precipitation
and geochemical characteristics of the area can-
not be ignored when considering the groundwa-
ter quality.

• Shallow and deep groundwater is enriched with
Ca, Mg, K, CO3 and HCO3. In contrast to that Cl
was found to be more concentrated in some of
the deep groundwater. The greater content of Cl
during wet season is because of rainfall recharge
process.

• There is no contamination from natural or an-
thropogenic sources in any of the groundwater
apart from some deep groundwater samples
where TDS was more than 1500 mg L-1. Thus
generally groundwater is of good quality and
suitable for drinking and irrigation purposes
apart from some of the deep groundwater.
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