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Abstract This manuscript presents major, minor and
trace elements data for groundwater samples collected
from wells, tube wells, springs and karezes from Quetta
Valley. Quetta Valley in Pakistan has frequently experi-
enced shortage of groundwater. In recent years, the water
quality has had a sharp decline at many locations. The
study of groundwater resources in this valley is an attempt
to understand the causes of and sources of contamination.
At several locations, nitrate, sulfate, arsenic, selenium,
chromium and nickel contamination has been determined.
The preliminary results indicate that these contaminations
apparently result from a combination of rock alteration and
mining activity in the area. Different water sources could
have also contributed to the deterioration of the water
quality of Quetta Valley. This research provides the basis
for future work, which will involve detailed hydrological
modeling and water quality studies.
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Introduction

The contamination of groundwater with trace elements is a
risk to the health of millions of people. There are no direct
means for identifying high-risk areas without conducting
detailed geochemical work. An attempt has been made to
relate high content of few trace elements to the bedrock
geology in Quetta Valley in western Pakistan. This asso-
ciation could be used for indicating potential high-risk
areas in other parts of the world.

Quetta is the capital of Balochistan, which is the largest
province in Pakistan, yet it has the smallest number of
people per unit area. This is largely due to the paucity of
water resources related to its arid to semi-arid conditions.
The climate in this province is typical of deserts; low
rainfall (~ 100 mm/year) and extreme variations in tem-
perature are observed. The indiscriminate and unplanned
use of groundwater resources to meet water requirements
in Balochistan, in general, and in Quetta, in particular, has
led in the recent years to unsustainable overexploitation of
groundwater. This has resulted in a progressively increas-
ing decline in groundwater levels in Quetta (Khan and
Mian 2000). This phenomenon has had socio-economic
impacts exemplified in the migration of the population
from rural to urban areas and Quetta is bearing the brunt of
this migration.

Quetta Valley is bounded by limestone slopes of Chil-
tan, Takhatu, Zarghoun and Murdar ranges (Fig. 1). The
drainage of the Quetta Valley flows through the gaps
between these mountains and joins the Pasin Lora Basin in
the north. The valley itself is covered by alluvium and loess
deposits. The main sources of groundwater in Quetta
Valley are springs, karezes, open wells and tube wells.
Kareze systems are underground channels; the tunnels are
laid on natural gradient for draining water with minimum
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Fig. 1 Landsat-enhanced
thematic mapper plus (ETM +)
bands 7-4-3 displayed as red—
green—blue show the location of
the study area and sampling
sites. The study area is in Quetta
Valley in western Pakistan. The
valley is surrounded by Chiltan,
Takhatu, Zarghoun and Murdar
ranges. The locations of Zhob
Valley and Sorange mines are
also shown
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evaporation loss and without pumping. The water is
drained from a source well situated at higher elevation
from where the water flows through kareze and finally
water is distributed through open channels for domestic
and agricultural purposes. The kareze system was a com-
mon water system in the past; however, lately this system
is diminishing. The groundwater in the Quetta area flows
from the higher elevation areas in the foothills to the
central part of the valley and finally the groundwater drains
into an effluent stream (Sariab Lora; Kazmi et al. 2005).
Kazmi et al. (2005) identified two aquifers in Quetta
Valley: unconsolidated alluvial aquifer and bedrock

@ Springer

aquifer. The alluvial aquifer is the main aquifer and con-
sists of gravel, sand and silt deposits. This aquifer is
recharged from infiltration of precipitation, runoff and
inflow from the bedrock aquifer in the foothill areas. The
bedrock aquifer consists of limestone of Shirinab and
Chiltan formations and conglomerates of Urak Formation.
This aquifer is recharged in the surrounding mountain areas
where these formations are exposed. In the Zhob Valley, a
third type of aquifer, the ophiolitic aquifer, is recognized.
This aquifer consists of serpentinized ultramafic rocks; the
rocks are highly faulted, fractured and shared due to
intense weathering, alteration and solution activity. This
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Fig. 2 Concentration of nitrate
(NO3) is plotted at sampling
sites. The diameter of the
circle shows the relative
concentration; notice the
concentration of nitrate is
highest at locations in the south
in agricultural areas

30°30'0"N
|

aquifer is a significant source of groundwater in this arid
region.

Geological formations ranging in age from Early
Jurassic to Quaternary are exposed in the Quetta Valley.
The Jurassic (Shirnab and Chiltan formations) are com-
posed of shales and limestones (Kazmi et al. 2005). The
Cretaceous rocks are shale, siltstones and limestone of the
Parh Group. The Tertiary rocks are thick sequence of shale,
siltstones, sandstones and conglomerates of the Urak
Group (Kazmi et al. 2005). The quaternary deposits com-
prising alluvial deposits are present in stream beds and
alluvial fans. The Zhob Valley ophiloite bodies are exposed

@ Springer

&7°0'0"E

67°30'0"'E

£
2
3

Legend
itrate (mg\L) z
o 06-64 g
£

" O 64-168
' O 168-235

i O 235-603
&% (O o03- 1588
o & cities
7Landsat ETM+ §
‘RGB '
Red: Band 1§
Green: Band 27
Blue: Band 3
—

67°300"E

in the east-northeast of Quetta (Fig. 1). The Zhob Valley
starts from Kuchlagh and extends up to Zhob. These
ophiolite bodies are considered to be late Cretaceous in age
(Khan et al. 2007); ophiolites in the study area are com-
posed of highly fractured serpentinized ultramafic rocks,
which are rich in chromite and other sulfide minerals (Khan
and Mahmood 2008).

An integrated interdisciplinary approach for groundwa-
ter exploration is applied in the Quetta Valley, Balochistan
Province, Pakistan, in which inferences from remote
sensing data are integrated with information obtained
from other relevant data sources such as geochemistry,
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Fig. 3 Concentration of sulfate
(SO,) is plotted at sampling
sites. The diameter of the circle
shows relative concentration.
Most of the samples show high
sulfate content, few samples
show sulfate contamination and
a couple of samples from the
bedrock aquifer show minimum
sulfate

30°30'0"N
1

30°0'0"N

field geology, geophysics and surface runoff and ground-
water flow modeling for a better understanding of the
hydrological setting and the groundwater availability, and
for identifying potential locations for productive wells.
This paper focuses on the water quality aspect of this
project.

Methodology

A total of 21 sampling sites in Quetta Valley were chosen
for the collection of groundwater samples to be analyzed

67°0'0"E

30°30°0"N

30°0'0"N

Green: Band

Blue: Band 3
EE -

for their contents of major, minor and trace elements
(Fig. 1). These sites included wells, tube wells, springs
and karezes. Samplings were carried out in December
2007. Special care was taken in the collection and analysis
of these samples and the procedures were followed as
outlined in Eaton et al. (2005) and Stetzenbach et al.
(1994).

Water samples were first filtered with Fisher brand Q2
filter paper. Then, 10 ml filtered water samples were dried
down on a hot plate under a closed hood (with only filtered
air drawn in), acidified with ultra-purified nitric acid
and diluted to its former volume with milli-Q water (for
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Fig. 4 Concentration of arsenic
(As) is plotted at sampling sites.
The diameter of the circle
shows the relative
concentration. With the
exception of two samples in the
west, most of the samples show
high arsenic content and many
samples show contamination.
All the samples collected from
the Zhob Valley show
contamination in selenium too.
Zhob Valley is characterized by
the presence of serpentinized
ultramafic rocks, which host
chromite deposits and may be
the source of arsenic in this area

30°30'0"N

comparison, ten water samples were repeated with 1 ml
and diluted to 10 ml), and then analyzed with inductively
coupled plasma-mass spectrometry (ICP-MS) in the
Department of Earth and Atmospheric Sciences, University
of Houston. Standard sample 71A (diluted with ultra-
purified acid to 10 ppb) was used as the external calibration
sample. Measurements were repeated five times and most
of the RSD were less than 5% with a majority less than 3%.
The differences between the ten (10) repeated water sam-
ples were less than 5%, with the value of diluted ones
lower than those without dilution. All the above indicate
that the data are of high quality.
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Results and discussions

Collected samples were quantitatively analyzed using ICP
(AES) and ICP (MS) for the determination of major (Ca, K,
Mg, Na, Si, CI” and SO,), minor and trace elements
(Fe, Mn, B, Ba, Li, Sr, Li, Be, B, V, Cr, Mn, Co, Ni, Cu,
Zn, Ga, As, Se, Rb, Sr, Y, Ag, Cd, Cs, Ba, La, Ce, Pr,
Nd145, Nd146, Sm, Eu, Gd, Dy, HO, EI', Tm, Yb, Lll, Tl, Pb,
Th, U). The results are given in Table 1. Some of these
elements were analyzed to determine the water quality and
source of contamination, whereas other trace elements
were used as tracers to find water—rock interactions.
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Fig. 5 Concentration of
selenium (Se) is plotted at
sampling sites. The diameter of
the circle shows the relative
concentration. All the samples,
which have high selenium also
show high arsenic suggesting
similar source for both elements

30°30'0"N
|

30°0°0"N

Water from all the sites from which samples were col-
lected are used for drinking purposes, therefore, it is
important to know the quality of water. Results were
compared with the World Health Organization’s (WHO)
Maximum Contaminant Level (MCL) data (World Health
Organization 2003, 2006). The data show elevated levels
for nitrate (NO3) and sulfate (SO,4) and some trace elements:
arsenic (As), selenium (Se), chromium (Cr), Nickel (Ni) and
thallium (TI) (World Health Organization 2003, 2006).

Figure 2 shows spatial variation of nitrate concentration.
Sample Q14, Q15, and Q16 show maximum concentration.

67°0'0"E 67°30'0"E

e

30°30'0"N

°o 086-152
@ 152-397

30°00"N

Green: Band 27
E!Iu‘ Band 3

Sample (Q1) also shows concentration values more than
the WHO guideline values (World Health Organization
2006). Sample Q15 shows nitrate content more than triple
when compared with the WHO guideline value (World
Health Organization 2003). High content of nitrate in
drinking water can cause blue-baby syndrome, which is a
disease in infants where the color of an infant’s skin
changes because of oxygen deficiency in the blood
(World Health Organization 2003; Knobeloch et al. 2000,
Bouchard et al. 1992). Field observations suggest that most
of the samples with nitrate contaminations are located in
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Fig. 6 Concentration of
chromium (Cr) is plotted at
sampling sites. The diameter of
the circle shows the relative
concentration. Chromium shows
similar pattern as arsenic and
selenium, and is of the highest
content in the Zhob Valley,
supporting the source in
ultramafic rocks

30’3?'0'14

30°0'0"N

agricultural areas with animal farms (see Fig. 1); we con-
sider this to be the main source of contamination.

Several samples from the study area show high con-
centration of sulfate (Fig. 3). Though sulfate is not con-
sidered to be a major contaminant, gastrointestinal effects
can be caused by the ingestion of water with a high con-
tent of sulfate. Some authors have reported that drinking
water with sulfate ranging from 500 to 700 mg/L can
cause diarrhea (Heizer et al. 1997). The presence of
gypsum in the surrounding rocks of Quetta Valley could
be contributing to the sulfate in the groundwater of Quetta
Valley.
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Eight samples (Q4, QS5, Q6, Q7, Q8, Q9, Q10 and Q11)
show arsenic and selenium contamination (Figs. 4, 5). All the
samples collected in Zhob Valley (Q6, Q7, Q8, Q9, and Q10)
show high concentration of arsenic and selenium. In addition,
a few more samples (Q4, Q5, Q11) show values higher than
the WHO guidelines (WHO 2006). The highest value comes
from the sample Q9, which shows 6 times higher arsenic and
almost 13 times higher selenium content when compared
with WHO guideline values (World Health Organization
2006). Sample Q9 was collected from Kareze. In kareze,
water flows for long distances and may dissolve contaminants
from the rocks through which it flows.
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Arsenic in very high concentrations is poisonous; low-
level, long-term exposure to arsenic may lead to increased
risk of cancer (National Research Council 1999). Arsenic is
derived from anthropogenic sources, such as drainage from
mines and mine tailings, pesticides, and biocides, and from
natural sources such as hydrothermal leaching of arsenic
containing minerals or rocks. Millions of people are
affected by toxic levels of arsenic in many parts of the
world (e.g., Bangladesh). There is considerable evidence
for skin cancer caused by the presence of arsenic in
drinking water, which also increases the mortality risk for
internal cancers in several human organs (Morales et al.,
2000). There are many examples of arsenic causing cancer
from various parts of the world; for example, bladder and
lung cancer mortality from Chile (Smith et al. 1998), and
Argentina (Hopenhayn-Rich et al. 1996). Chen et al. (1985)
observed increased mortality in Taiwan due to lung, liver,
skin, kidney and bladder cancer, caused by arsenic in
drinking water. The most severe cases of arsenic contam-
ination are reported from Bangladesh, where some reports
suggest that 35-77 million people are at risk of drinking
contaminated water (Chowdhury et al. 2000, Smith et al.
1992). Elevated levels of selenium are toxic and could
develop cancer, malformation of nails and hair, depression,
nervousness and other symptoms in humans (Feder 1985).

Presence of elevated levels of arsenic and selenium in
Quetta Valley poses a problem in this region and requires
detailed study. The samples that show high concentration
of arsenic and selenium in Zhob Valley also contain higher
levels of chromium (Fig. 6) and nickel. This probably
suggests that the alteration of ultramafic rocks may be
contributing to the elevated levels of these metals in the
Zhob Valley. This argument is supported by the occurrence
of arsenic in groundwater and ultramfic rocks in other
areas, for example Vermont, USA (Bright, 2006). The
source of high content of arsenic and selenium in samples
Q4, Q5 and Q11 may be from the coal mines in the
Sorange area.

Conclusions

Geochemical analysis of drinking groundwater samples
from Quetta Valley show high concentration of nitrate,
sulfate, arsenic, selenium, chromium and nickel. Some of
these samples show concentration levels higher than the
WHO guideline values for drinking water. Continuous use
of water with contaminants like arsenic and selenium may
cause health problems. Alteration of ultramafic rocks and
coal mining appear to be the potential sources. Detailed
water quality study in this area, looking for the potential
source of these contaminants is warranted.
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