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Abstract: To understand the Hydro-Geochemistry of urban and semi urban areas of Karachi, located in an arid
region of Pakistan, various physico-chemical parameters were investigated. Only continuously pumped
productive deep and shallow wells and tube wells were chosen for the analysis for their best ecological
functions including drinking, domestic, industrial and agricultural activities. Multivariate statistical techniques
were  used to interpret complex data matrices to better understand the water quality and ecological status of
the studied system. The study further suggested that the extent of salinity appears to be as function of
magnesium  salts rather than calcium salt. Over pumping of local groundwater causes land subsidies and
gradual salinization by Sea water. The problem of salinization was further multiplied in the study area because
if its nearness to the Arabian Sea. Factor loading of total alkalinity and bicarbonates indicates that total
alkalinity  was mainly due to chloride of sodium. The present study suggested that regular monitoring of
ground water is an important step to avoid human health risks and to assess its quality for various ecological
purposes. Studies further suggested that, the extent of salinity appears to be as a function of magnesium salts
rather them calcium salt.
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INTRODUCTION Numerous severe cases of groundwater

The  composition of groundwater in arid and semi Few studies have also been reported on ground water
arid region is control by many processes, including quality of Karachi-Pakistan with reference to major ions,
evapotranspiration, wet and dry deposition of bacteriology and trace elements [9-11]. However, no
atmospheric salts and water soil and water rock systematic study has been reported with reference to
interactions. As well as pollutant sources such as land salinity.
Clarence agricultural acid precipitation, domestic and Karachi  is  the  largest  and  thickly  populated  city
industrial waste. Increase knowledge of geochemical of  Pakistan;  spread  over  2530   km   in   area.  Karachi
process could lead to improve understanding that can city  is  located  between  latitude  24°  50'  N  to 25° 30' N
contribute to effective management and utilization of and  longitudes  66°  55'  E  to  67°  55'  E  in  province of
groundwater. Sindh,  Pakistan,  climatologically  falls  within  the

Because of the complexities of the regional hydro semiarid zone.
geological conditions and hydro chemical process, The  study  area  (Fig.   1)   is   located   in  the
advance techniques are required to interpret observed northern   tropical    zone    of    the    earth,    where   most
relationship among variables. Hydro chemists have thus of  the  desert  belts of  the world in which a major
applied  factor analysis to interpret these relationships mountain  belt  oriented  north  -  south  and  the  Arabian
that provide inside into the underline structure of the Sea located  to  the  south  of the coast [12]. The city
variables, to asses control on groundwater composition tends to have a relatively mild climate with low
[1]. Factor analysis technique has been used successfully precipitation, the bulk of which occur during July-August
in hydrochemistry for many years, surface water and monsoon seasons. Winters are mild and while the
groundwater quality assessment and is well describe in summers are hot. However the proximity to the sea
the literature [2-6]. maintains the humidity level.

contamination have been documented world wide [7, 8].
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Fig. 1: Map showing location of sampling points during monitoring periods, 2008

Karachi and its surrounded area are exposed by domestic, industrial and divided into two portions kept
middle and upper tertiary rocks, shale-clay, sand stone air-tight.  One  part of the samples was acidified with 0.1
and lime stone. The lowest of this exposure are sand N HCl on site, so as to prevent them from deterioration.
stone and lime stone of nari formation of Oligocene age. The other portion was used to determine major ions.
About the Nari lies the Gaj limestone and shale of Groundwater samples were stored at 4°C to avoid any
Miocene  to  Pliocene and partially of Pleistocene age. major chemical alteration.
The Nari formation is represented usually by soft sand Standard methods for the examination of water and
stone intercalated/ interlayer with lime stone, shale and waste water of APHA, were used to determine major a
siltstone [13, 14]. The Gaj formation is represented by cations, anions and physical parameters. The pH,
limestone with sub-ordinate shab and sandstone. A large electrical conductivity and total dissolved salts were
part of Gaj formation has alkaline soils due to the presence measured on site while collecting the samples using Sens-
of dolomite / gypsum in the underline bed rocks [14]. Ion 156 HACH, USA.
Quaternary deposits are represented by conglomerate Ca , Mg , CO , HCO  Cl , TH and TA were
which over lies the Mianchar formation. The topography evaluated by titrimetry. Sodium (Na ) and Potassium (K)
of the  region is characterized by three major anticlines were  measured  by flame photometry, Sulfate with
(Pir Mangho, Dirgh Road/ P.E.C.H.S and Landhi-Korangi). (HACH,  USA). Analytical data were processed with
These are separated by broad alluvial filled synclines SPSS- 10.0 soft ware. All the observation was made in
through which Malir and Lyari Rivers discharge their triplicate and the results were found reproducible with in
effluent and seasonal water into the Arabian Sea. The an error limit of 2 %.
study attemptteds to employ the factor analysis to
identify useful indicator for prospecting and delineating RESULT AND DISCUSSION
boundaries of sea water salinization in Karachi, Pakistan.

MATERIALS AND METHODS calcium,  magnesium  and  potassium  ions  ranged  from

To understand the general variation in quality mean 1042, 177.81, 219.4 and 25.6 mg/l during pre-
representative groundwater samples were collected from monsoon and ranged from 7 to 2112, 36 to 688, 16.8 to
33  locations  covering  the major portion of urban and 352.8  and  3  to  181  with  a  mean  483, 191.2, 83.3 and
sub urban part of Karachi during pre and post monsoon, 40.4 mg/l during post-monsoon, respectively (Table 1).
2008. Water samples were collected from tube well and Thus the order of abundance is Na  > Ca > Mg  >K
dug wells. These wells were actively used for abstraction;
samples were taken after as long a period of pumping as
possible to ensure that temperature, pH and electrical
conductivity stabilize and samples represent the
groundwater of the study area. The details are used for

2+ 2+ 2- 1-
3 3,

2+

Among the cations, the concentration of sodium,

8 to 13045, 20 to 660, 10 to 3032 and 1 to 213 mg/l with a

+ 2+ 2+ +1

during pre and post monsoon periods.
Major anions show a very wide range of variations.

During pre-monsoon among the anions the
concentrations of HCO , Cl , SO  and CO  ions lie in3 4 3

1- 1 2- 2-

between  122  and 671, 85 and 19468, 0 and 350 and 30 and
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Table 1: Comparison of groundwater quality parameter of Karachi city with, WHO drinking water quality standard during pre and post monsoon periods

Samples range
------------------------------------------------------------------------

S. no Parameter Pre monsoon Post monsoon WHO limit

1 pH 6.5-8.4 5.5-7.6 6.5-9.2
2 EC 0.48-89.6 0.59-21.8 -
3 TDS 277-42800 254-10920 500
4 TH 172-13385 158-2846 300
5 Na 8-13045 7-2112 200+

6 K 1-213 3-181 200+

7 Ca 20-660 36-688 105+2

8 Mg 10-3032 16.8-352 50+2

9 CO 30-180 0-240 753
-

10 HCO 122-671 30-671 1503
-

11 Cl 85-19468 49-7810 250-

12 SO 0-350 0-265 2004
2-

Units of all the parameter are in mg l  except EC1

Fig. 2: Shows  the  graphical  representation  of  variations in mean concentration of major ions during monitoring
periods, 2008

180 mg/l with a mean 262.4, 1633.2, 49.51 and 46.36 mg/l of 7.01 and 4.98 µs/cm, respectively. The electrical
and during post-monsoon lie in between 30 and 671, 49 conductance  is  also an indicator of salinity. TDS
and 7810, 0 and 265 and 0 and 240 mg/l with a mean of indicates  the  inorganic  pollution load. TDS values
318.8, 1369.69, 96.24 and 69.09 mg/l, respectively. The ranged from 227 to 42800 and 254 to 10920 mg/l with a
order of their abundance during both monitoring periods mean  of  3292.66 and 2213.69 mg/l during  both
(Fig. 2). monitoring   period,  respectively.  Average   pH  during

Cl > Na > HCO > Mg > Ca > SO  > CO the  maximum  and  the  minimum  are   6.50   to   8.40  and3 4 3

The  electrical  conductance  indicates  the  amount is charging   from   acidic   to   alkaline   in   nature   due
of  material  dissolved  in  water  and  its  values range to  the  influx  of  HCO   ions  in   the  groundwater
from  0.48 to   89.6   µs/cm   during   pre-monsoon   and aquifer which is due to the percolation of rainwater
0.59  to  21.8  µs/cm  during  post-monsoon  with  a mean through soil [5, 16].

pre  and  post-monsoon  are 7.49 and 6.59, respectively,

5.5  to  7.60,  respectively,   indicating   the   groundwater

3
1-
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Fig. 1 shows the graphical representation of The calcium and magnesium are not only major
variations in mean concentration of major ions during constituent but also abundant elements of groundwater.
monitoring periods. Variation in the concentration of Calcium carbonates rock and lime stone are the prime
major ions and increase in the mean value of electrical source of calcium in the study area. In addition, calcium in
conductance. groundwater is derived from the incongruent dissolution

Seasonal variation in the concentrations of major of plagioclase in granite [19] and anorthite, pyroxene and
ions (Table 1, Fig. 1) and the increase in the mean value of amphibole also comes from domestic effluents.
electrical conductance from pre (7.01 µs/cm ) to post- Leaching from soil is another source for calcium. The
monsoon (4.98 µs/cm ) are due to dissolution and leaching principle source of Mg  is the ferro-magnesium minerals
of minerals present in the sub-surface rocks and such as biotite, augite and hornblend. Therefore the
agricultural, domestic and industrial wastes effluents into dissolve concentration of Ca  is higher than Mg  in
the groundwater by the infiltrated recharge water. In groundwater. The beneficial attributes of calcium to
general, major ions have shown an increase in their human health have been known for last many years. It
concentration from pre to post-monsoon, this is due to also helps in maintaining the structure of plants cells and
high precipitation recorded during year 2008. soils. Whereas, magnesium concentration is an important

Comparison of Groundwater Quality Parameters of has both positive and negative effects on human health.
KARACHI WITH Drinking Water Quality Standards: It is considered a major constituent of bones and also
Mean values were taken into consideration as essential for normal metabolism of calcium. Its deficiency
characteristic values to see the differences during two may lead to protein metabolism energy. Therefore, the
different seasons. The average values of pH and TDS optimum concentration of calcium and magnesium is
recorded highest in pre compare post monsoon, which recommended for drinking water for proper functioning of
could be due to acidification of water by elevated metabolic process and to prevent cardic disorders.
microbial degradation of organic debris and concentrated The Na  and Cl  occurs naturally in sedimentary bed
dissolved solids in warmer period. TH, HCO and Na rock layers, particularly shale. An increasing trend is3

1+

were  recorded  comparatively highest in pre-monsoon significant in the mean concentration of sodium and
and lowest in post-monsoon. The carbonate alkalinity is chloride  from the subsurface rocks, after the monsoon,
absent\  negligible  in most of the locations throughout the mean concentrations of Na  and Cl  are significantly
the study. Hence the TA is mostly due to the presence of change from 49.1 to 96.24 mg/l and from 1633.2 to 1369.62
bicarbonate. mg/l,  respectively. Na  in groundwater is derived from

Salinity  Impacts: By far the most common constituents and also comes from domestic effluents. Cl  may be
of  alkalinity  are bicarbonate (HCO ) and carbonate derived from the pollution sources such as effluents of3

1-

(CO ). It is a measure of the ability of water to neutralize. industrial and domestic, fertilizers and septic tanks and3
2-

Constituents  of alkalinity in neutral water systems from natural sources such rainfall, the dissolution of fluid
include CO , HCO , OH , HSiO , H BO , HPO , inclusion and Cl  bearing minerals [20, 21]. High content3 3 3 2 3 4

2- 1- 1- 1- 2-

H PO , HS  and NH [17]. of Cl  may give a salty taste to groundwater and can2 4 3
1- 1-

Generally water is classified as very hard, hard, corrode pipes and other water systems appurtenances.
moderately  hard and soft on the basis of its hardness People who are not accustomed to high chlorine in
[18]. The elevated concentration of HCO , CO , SO drinking water are subjected to laxative effects. Whereas,3 3 4

1- 2- 2-

and Cl of Ca  and mg  in groundwater are main factor high concentration of Na  in drinking water may lead to1- 2+ 2+

for its hardness. High alkalinity does not pose a health cardic problems. Further, high Na  content in irrigation
risk but can impacts a bitter taste to water. The principle water may cause salinity problems [16]. Na also regulates
objection to alkaline water, however, is the reaction that the stomatal activity of leaves and hence plays a very
can  occur  between  alkalinity and certain cat ions such significant role in crop physiology involving transpiration
as Cu, Cd, Zn and Pb in water. The resultant precipitate losses and gaseous exchange in respiration and
can foul pipes and other water systems, appurtenances photosynthesis.  Na   concentration of the groundwater
resulting groundwater unfit for industries. A total of 97 of Karachi city varied from 8 to13045 7 to 2112 mg /l
percent samples of the study area fall under the “very during pre and post monsoon period out of 24 samples
‘hard” category, rest 3 percent samples fall in the category during pre and during post monsoon beyond the WHO
of “hard” during both monitoring period. [22] values.

+2

2+ 2+

aspect of hydrochemistry as magnesium in drinking water

+ 1

+ -

+1

the in congruent dissolution of plagioclase in granite [19]
1

1

1
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Table 2: Comparative studies of groundwater data during pre and post monsoon, with respect to its suitability for drinking purpose based on several
classifications

Percentage of water samples
---------------------------------------------------------------------------------------

Parameter Water Class Pre monsoon Post monsoon
Based on TDS (mg l )1

<300 Excellent 3 (1) 3 (1)
300-600 Good 18 (6) 9 (3)
600-900 Fair 12 (4) 15 (5)
900-1200 Poor 3 (1) 3 (1)
>1200 Unacceptable 63.6 (21) 69.6 (23)
Based on total hardness as CaCO  (mg l ) after Durfor and Becker (1964)3

1

0-60 Soft 0 (0) 0 (0)
61-120 Moderate 0 (0) 0 (0)
121-180 Hard 3 (1) 3 (1)
>181 Very hard 97 (32) 97 (32)
Based on total hardness as CaCO (mg l ) after Sawyer and McCarthy (1967)3

1

<75 Soft 0 (0) 0 (0)
75-150 Moderately hard 0 (0) 0 (0)
150-300 Hard 15 (5) 18 (6)
>300 Very hard 84 (28) 81.8 (27)

Table 3: Suitability of groundwater with different constituents for irrigation during pre and post monsoon
Class of Water
------------------------------------------------------------------------------------------------------------------------------------------------------------------
I II III
------------------------------------------------ ---------------------------------------------------- ---------------------------------------------------

No. of samples No. of samples No. of samples
------------------------------------- ------------------------------------ ---------------------------------------

Parameter Range Pre monsoon Post monsoon Range Pre monsoon Post monsoon Range Pre monsoon Post monsoon
TDS 0-700 7 5 700-2000 10 14 >2000 16 14
EC 0-0.75 4 1 0.75-2.25 7 9 >2.25 22 23
SO 0-192 32 32 192-480 1 1 >480 0 04

2-

Cl 0-142 1 2 142-355 8 7 >355 24 24-

Suitability for irrigation Excellent to good Good to injurious suitable soil Unfit

Table 4: SAR values and suitability of groundwater during pre and post monsoon period 2008 for irrigation
Percentage of water samples (n)
----------------------------------------------------

SAR range Pre monsoon Post monsoon Suitability for irrigation
1-10 9 (3) 18 (6) Suitable for all types of crops and soil except for those crops sensitive to sodium
11-18 15 (5) 12 (4) Suitable for coarse texture or organic soil with permeability
19-26 12 (4) 9 (3) Harmful for almost all soil
>27 63.6 (21) 60.6 (20) Unsuitable for irrigation

Through the general contribution of K  ions comes Evaluation of Groundwater: Evaluation of groundwater on+

from orthoclase and muscovite minerals present in granite, physico-chemical analysis indicated that 11out of 33
the increase in mean concentration from pre-monsoon samples were suitable for drinking purposes (Tables 2, 3).
(25.62mg/l) to post-monsoon (40.42mg/l) is due to the Furthermore, all of the samples fall in the hard to very hard
additional contribution from pollution sources such as category. The non-availability of groundwater for portable
domestic and agricultural effluents indicating in and use was found to be related with the presence of excess
around Karachi. Karachi city causing to reach the of Cl and HCO and TDS.
maximums concentration (213 mg/l) during pre monsoon Suitability  of groundwater for irrigation purposes
K is an important cation and plays a vital role in was  also  evaluated  by  using  different parameters+

intermediate metabolism. It is also important for the Na , (Table 3). A comparison of EC /TDS values with irrigation+

K exchange pump. standards  showed  that only 21% of the samples could be+

3
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considered excellent to good for irrigation and 49 % unfit Correlation Analysis: The statistical analysis is a tool
for  irrigation  purpose  during  the  pre monsoon  and in that can be applied to measurable variables to identify
15 and 42% post monsoon period. The Sulfate content of cretin factors such as pollution for quantification.
all the water samples are of class II and with respect to Correlation matrix describe the interrelation ship among
chloride content only 3% of the samples indicated their various variable are shown in the Table 5, EC or TDS is
suitability for irrigation and excellent for irrigation mainly contributed by salts of sodium and chloride during
purpose, while, rest of samples are injurious to crop. both monitoring period. Table 5 also shows a moderate to

In addition to SO , Cl , TDS and EC, Na  is also poor degree of correlation of sodium with sulfate and4
2- - +

considered as an important factor. Excess concentrations bicarbonate during post monsoon period. Chloride was
of Na  can cause the soil quality to deteriorate and may found to be significantly correlated with Na and Mg+

cause damage the crops because of sodium phyto- during pre  monsoon season indicating the presence of
toxicity. Na  in water can be denoted by the Na Cl salts of Na and Mg during post monsoon Cl his highly+ +

absorption ratio (SAR) and it can be calculated by using correlate with Na and moderately with Ca and Mg
the following relation. indicating  the  presence  of  Cl  salts of Na, Mg and Ca.

SAR = Na /  Ca + Mg /2 the presence of sulfate salt of Na. Mg is correlated with

Suitability of groundwater for irrigation with different during post monsoon suggesting they are moving
value of SAR is tabulated in Table 4, It suggests that only together.
9 and 18 % groundwater samples are suitable for most In general, the correlation matrix shows a poor
types  o f crops and soils. The study reveals that 15 and correlation with major ions. This indicates that analysis of
12 % samples are suitable for coarsed textured, 4 and 3 major ions alone may not reflect the actual status of
samples harmful for almost all soil during pre and post pollution.
monsoon periods respectively and more then 60% Cursory examination of the data reveals that the
samples  are  unsuitable for irrigation in both seasons. groundwater samples of the study are dominated by Mg
The results also indicated that SAR of the groundwater hardness as compare to Ca.
should be taken into account before its extraction for
agriculture use. This will not only aid to protect sensitive Factors Analysis: The interpretation of hydro
crops from Na+ phytotoxicity but will also limit increase of geochemical data of groundwater samples, which have
salinity in the area. been collected from number of locations, is hampered

Na  is  also moderately correlated with sulfate indicates

Na and K during pre monsoon and Na with Ca, Mg and K

Table 5: Correlation matrix, the interrelation ship among various variable during monitoring periods, 2008
a. Pre monsoon EC TDS pH CO HCO Cl SO Na Ca Mg3 3 4

TDS 1.000
pH -0.411 -0.410
CO 0.239 0.239 -0.1093

HCO -0.200 -0.200 -0.024 -0.0543

Cl 0.985 0.985 -0.400 0.239 -0.171
SO -0.141 -0.142 -0.304 -0.164 -0.068 -0.1634

Na 0.982 0.982 -0.373 0.255 -0.185 0.998 -0.168
Ca 0.403 0.399 -0.469 -0.039 0.060 0.418 -0.053 0.399
Mg 0.992 0.992 -0.435 0.245 -0.186 0.984 -0.126 0.983 0.372
K 0.674 0.674 -0.150 0.086 -0.027 0.686 -0.040 0.700 0.112 0.685

b. Post monsoon  EC TDS pH CO HCO Cl SO Na Ca Mg3 3 4

TDS 0.995
pH -0.121 -0.082
CO 0.212 0.256 -0.0503

HCO 0.426 0.394 -0.257 0.1033

Cl 0.718 0.725 -0.015 0.211 0.279
SO 0.511 0.482 -0.155 -0.087 0.369 0.3214

Na 0.895 0.877 -0.159 0.129 0.533 0.725 0.569
Ca 0.871 0.863 -0.187 0.172 0.404 0.557 0.435 0.822
Mg 0.858 0.866 -0.124 0.235 0.386 0.561 0.462 0.774 0.915
K 0.695 0.707 0.010 0.156 0.213 0.493 0.357 0.720 0.737 0.643
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Table 6: Rotated factor Loadings (Varimax Rotation) during monitoring periods

a. Pre monsoon period
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Variable Factor 1 Factor 2 Factor 3 Factor 4 Communality

EC 0.9660 -0.1670 0.1390 0.0180 0.9810
TDS 0.9660 -0.1650 0.1390 0.0190 0.9810
pH -0.2730 0.8540 -0.1260 0.0810 0.8270
CO 0.1230 -0.0080 0.9420 0.0750 0.90803

HCO -0.1920 -0.0260 -0.0960 -0.8030 0.69103

Cl 0.9700 -0.1530 0.1360 -0.0200 0.9820
SO -0.2240 -0.6360 -0.3190 0.4720 0.77904

Na 0.9720 -0.1260 0.1450 -0.0010 0.9830
Ca 0.3450 -0.5510 -0.0060 -0.4730 0.6460
Mg 0.9630 -0.1760 0.1410 0.0270 0.9790
K 0.7900 0.0930 -0.1660 0.0480 0.6630
Variance 5.6008 1.5727 1.1398 1.1069 9.4202
% Var 0.5090 0.1430 0.1040 0.1010 0.8560

b. Post monsoon period
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Variable Factor1 Factor2 Factor3 Factor4 Communality

EC 0.9250 0.2720 0.0650 -0.0410 0.9350
TDS 0.9330 0.2360 0.1100 -0.0050 0.9380
pH -0.0400 -0.1440 -0.0210 0.9690 0.9620
CO 0.1720 0.0370 0.9300 -0.0310 0.89703

HCO 0.1990 0.8890 0.1100 -0.1530 0.86603

Cl 0.7030 0.2480 0.1730 0.1660 0.6130
SO 0.4410 0.5450 -0.3920 -0.0660 0.64904

Na 0.8570 0.4080 -0.0230 -0.0500 0.9030
Ca 0.9100 0.1500 0.0210 -0.1840 0.8850
Mg 0.8790 0.1850 0.0800 -0.1160 0.8270
K 0.8430 -0.0410 -0.0230 0.0330 0.7130
Variance 5.5288 1.5266 1.0859 1.0483 9.1896
% Var 0.5030 0.1390 0.0990 0.0950 0.8350

because it is difficult to visualize and evaluate the [24] criterion of the eigen values greater or equal to 1 and
geochemical   relationships   that   may   exist  using from a cattle scree plot [25]. A scree plot shows the eigen
normal histograms and tri-linear diagrams. The most values sorted from large to small as a function of the
widely   used    statistical    technique    in   geochemistry, principle component number. After the 4 PC (Fig. 3),
R-mode factor analysis, is very useful quality data in starting the elbow the downward curve. Other
terms of specific hydro geochemical process. It has components weight, their eigen values and variances are
several  advantages  over  the  normal  techniques  [23]. summarized in Table 6.
The basic purpose of factor analysis is to study the hydro Loading of varimax rotated matrix for four factor
geochemistry of an aquifer and explain a large amount of model are shown in Table 6. Evidently, the first factor is
the variance of the analytical data by a small number of usually  more correlated with the variables than the
factors [20]. second factor. This is to be expected because these

The Pca Results of Ground Water Samples: Ground for as much of the remaining variance as possible.
water samples (n = 33) taken for the sake of regular The absolute loading values of >0.075, 0.75 - 0.5 and
screening of groundwater quality of the study area were 0.5 - 0.3 to the terms “strong to moderate” and weak,
characterized by 11 physico-chemical variable, (Table 6). respectively as applied to factor loading factor 1, which
From  these data 4 principle components explaining 94% explains  50%  and 55 during pre and post monsoon
of the total variance was estimated on the basis of Kaiser period  respectively  of  the  total  variance  (Table   6)  has

factors are extracted successively, each one accounting
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a. Monsoon seasons

b. Post monsoon seasons

Fig. 3: Scree plot shows the Eigen values during monitoring periods

strong positive loadings on EC, TDS, Na+, Cl-, Mg+ and REFERENCES
moderate loading on K+ during premonsoon season.
Whereas, strong positive loafing on EC, TDS, Na+, Mg,
Ca and moderate loading on K, SO4, Cl, HCO  during3

postmonsoon season are the major solutes in seawater.
The  electrical conductivity (EC) is positive correlated
with the concentration of ions, which can thus be
indirectly calculated from EC. Therefore, EC can be
regarded as a water salinization index. The association of
EC, TDS, Cl, Na, Mg and SO  reflects the influence of sea4

water intrusion on pollution of groundwater and can thus
be termed “the sea water salinization factor”.

CONCLUSION

Generally the ground water falls in the hard to very
hard  category.  An  increase  in  the  concentration of
Na , K , Ca , Mg , Cl  is the main cause of the salinization+ + +2 +2 -

in Karachi waters.
Factor analysis of ground water generated 4 factors.
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