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Abstract: Concentrations of major ions and heavy metals (As, Co, Cu, Ni, Mo, Pb, Fe and Zn) are studied in
the groundwater of Shiraz industrial complex zone to assess metal contamination due to industrialization,
urbanization and agricultural activity. Groundwater samples were collected from sixteen piezometers and shallow
dug wells. The analyses show that Cl and Na are the dominant anion and cation, respectively. Groundwater pH
varies between 6.8 and 7.9. The average abundance order of heavy metal contents in groundwater samples are:
Fe>Cu>Ni>Mo> Pb>Zn>As>Co. The maximum determined concentrations of Cu, Ni, Mo, Pb, Zn, As and Co
are 4130, 594.5, 185, 320.5, 242, 60.6, 58 and 25.1 ppb respectively. The quality of the groundwater samples is
far from drinking water standard and not suitable for domestic and agriculture purposes. The principal
component analysis (PCA) is used to assess the main factors responsible to concentration of dissolved ions.
The result of PCA shows strong and positive loading related to Ca, Cl, Na, Cu, Mo and EC and moderate
positive loading with K. This can be explained by the control of groundwater EC with Cl, Na and Ca contents.
Cu and Mo are probably influenced by anthropogenic sources.  High loading of Ni and Co, indicate that
geogenic sources may play a major role in the distribution of the analysed heavy metals in groundwater. The
variable behavior of As probably reflects various sources. High factor loading for SO and Mg, and moderate4

positive factor loading for Pb probably indicate that both geogenic and anthropogenic sources are involved.
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INTRODUCTION surface water due to the protective qualities of the soil

Contamination of the groundwater by domestic, The problems of ground water quality are more acute
industrial  effluents  and  agricultural   activity   is a in areas that are densely populated and thickly
serious problem faced by developing countries. The industrialised and have shallow groundwater tube wells
industrial waste water, sewage sludge  and  solid  waste [6]. Therefore, determination of groundwater quality is
materials are currently being discharged into the important to observe the suitability of water for a
environment indiscriminately. These materials enter particular use.
subsurface  aquifers,  resulting in the pollution of Geochemical and hydrogeochemical studies of
irrigation  and drinking water [1]. The  toxic  metals in groundwater provide a better understanding of possible
these effluents are concentrated in the biota, depending changes in quality as development progress. Several
on  the  accumulation  factors of the individual metals, authors have reported about the presence of
thus constituting a potential source of direct intake to contaminants in groundwater and surface waters in
man [2-4]. various part of the globe [7-10].

It is estimated that approximately one third of the The main objectives of the present study are (1) the
world’s population use groundwater for drinking [5]. evaluation of the chemistry and quality of groundwater (2)
Groundwater is the major source of water supply for the determination of the concentrations of selected heavy
agriculture and domestic purposes in urban as well as and trace metals (Fe, Cu, Zn, Ni, Mo, Pb, As and Co) in
rural parts of Iran. Among the various reasons, the most shallow groundwater influenced by Shiraz industrial
important are non-availability of potable surface water and complex zone; and (3) the discrimination of the natural and
a general belief that groundwater is purer and safer than anthropogenic sources of elements.

cover.
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MATERIALS AND METHODS Groundwater plays a dominant role in this part of

Study Area: Shiraz industrial complex zone is located due to  dry  climatic  conditions. Hence, groundwater is
about  2Km  south  of  the  Shiraz  City between the most widely available source of fresh water in the
X=645000-653000  and   Y=3262000-3266000   in   UTM study area. In this region, groundwater is used for
scale (Fig. 1).  This zone was founded in 2001 and domestic, agricultural and industrial purposes. However,
occupies a total area of 6 km  of the so called Gharebagh overexploitation of this resource has caused a progressive2

plain.  Gharebagh  plain  with  a  surface  area  of  about degradation of the water quality in the irrigated and
196 km  is part of Maharloo watershed. Average annual industrial areas resulting in the occurrence of high salinity2

rainfall in the study area is 300 mm, which mainly takes which create problems of water use. Before assigning part
place between November and May. Thus the climate is of the Gharebagh plain to the so called Shiraz industrial
classified as semi-arid climate type. Mean annual maximum zone, the whole plain was used for wheat and rice farming.
and minimum temperatures are 42°C and 3°C, respectively. Hence even today the industrial zone is surrounded by
Temperature can rise in the summer to 49°C. This situation farmlands.
of dryness provokes the loss of water resource especially According to development plans, the industrial zone
during the last decade because the renewal of this must be complete in 2010, when major industrial plants of
resource is very weak. The relative humidity varies chemical, textile, steel, plastic, food, and electronic
between 27 and 55% in the study area. industries are expected to be active in this zone. Presently,

The geologic formations surrounding Gharebagh the active industrial plants discharge their treated or
plain in a decreasing order of age comprise Asemari- untreated effluents into open small drainage channels that
Jahrom carbonate Formation (Oligocene-Miocene), join to form a major unlined drainage channel. Effluents
evaporitic Razak Formation (Miocene), and Bakhtiary from Shiraz industrial complex zone, Shiraz city, and
conglomeratic Formation (Miocene-Pliocene). Gharebagh agriculture drainage all reach the subsurface groundwater
plain bedrock in the study area is Razak Formation which in this area (Figure 1). During wet seasons, the Gharebagh
crops up near the surface and can be seen in drilled wells. plain is also flooded with a large volume of wastewater
Recent quaternary alluvium imposes over geological and urban sewage from Shiraz city.
formations.

The surface alluvium mineralogy composition of Sampling and Analysis: For the assessment of
Gharebagh plain comprises Quartz, Calcite, Dolomite, groundwater quality, 16 water samples were collected
Chlorite, Illite, Alkali Feldespar, Hematite and Kaolinite during September 2008 from the piezometers and dug
[11]. The grain size distribution of the surface soil is wells distributed throughout the area (Fig. 2). In order to
mainly clay and silt with minor sand. establish the encroachment of pollutants and toxic trace

plain since the lack of permanent surface water network

Fig. 1: Map of Shiraz industrial complex zone and Gharebagh plain
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Fig. 2: The location of shallow groundwater samples

elements into the groundwater, the subsurface water measuring  the  absorbency  with  a  spectrophotometer.
samples were collected from the entire Shiraz industrial The concentrations of the heavy metal and trace elements
complex zone. The water samples were taken 0.5 m below were measured at Amdel Laboratory (Australia) using
the water table. Prior to each sampling the water was ICP-MS methods. All statistical evaluations were carried
pumped  for  about  5  minutes.  Sampling  and  analysis out using SPSS (version 16) for windows.
of  water  samples  was  carried out according to APHA
[12, 13]. Each sample was collected in a 1.5 liter polythene RESULTS AND DISCUSSION
bottle. The bottles were thoroughly washed with dilute
hydrochloric acid, and then with distilled water in the Major  Ion  Chemistry:  Major  ions  concentration,  EC
laboratory. In the field each bottle was twice filled and and pH  of  groundwater  samples  are  summarized in
emptied with the water to be sampled before sampling. Table 1. The pH ranges from 6.8 to 7.9 with an average
Water samples were filtered using vacuum pump and value  of  7.5.   All   samples   except  one  show pH
0.45µm pore-size filter papers in order to separate values  above   7, reflecting the alkaline nature of the
particulate matter. The filtered samples were then  split water samples. The EC and TDS (total dissolved solids)
into  two  bottles:  one  bottle  was  acidified  with HNO values range from 25041 to 98000 µS/cm and 16277 to3

for dissolved element measurement and the second 63700 mg/l with an average value of 69205.17 µS/cm and
unacidified portion was used for the determination of 42903 mg/l respectively (Table 1). Drastic variations in
dissolved anions. The samples were kept at 4°C prior to TDS are thought to be mainly due to evaporation,
analysis. Electrical conductivity (EC) and pH were anthropogenic activity,  and  geochemical  processes. The
measured in situ at each sampling point. Chemical order of cation chemistry for groundwater samples are
analyses were carried out at the hydrochemistry Na>Mg>Ca>K, except for sample11 where Na>Ca>Mg>K.
Laboratory of Shiraz University. Major cations The waters samples are plotted on a Piper diagram to make
concentration (Ca , Mg , Na  and K ) were determined a comparison between different types of  water  (Fig.3).2+ 2+ + +

using atomic absorption spectrophotometry. Calibration The result shows that the overall chemical character falls
curve for cation analyses were constructed using within predominantly Na-Cl water type with high salinity
appropriately diluted standards. Both laboratory and concentrations.
international  reference  materials  were  used  as  checks The sodium concentration in the study area ranges
for accuracy. The analysis of bicarbonate was undertaken from 4491.9 to 30452 mg/l with an average concentration
by titration to the methyl orange endpoint. Concentration of 19422 mg/l (Table 1). The ratio of Na/Cl could be used
of chloride was determined by titration and precipitation to discriminate the origin of Na in groundwater. The ratios
of AgCl until silver chromate appears. Sulfate was greater  than 1 are typically interpreted as released Na
determined  by  precipitation  of  BaSO   and  then from  silicate weathering reactions [14] whereas ratio close4
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Fig. 3: Piper plot of groundwater samples in the study area

Fig. 4: The ratio of Na/Cl in groundwater samples in the study area

to 1 is related to halite dissolution. The Na/Cl ratio in the groundwater samples range from 0.31 to 0.99 reflecting the
analysed groundwater samples varies between 0.51 and lower solubility of dolomite in comparison of calcite.
0.83 (Fig.4). However, ratios greater than 1 are relatively Potassium  concentration  varies  between  25.4 and
rare and hence sodium might be originated from irrigation 46.8 mg/l with an average of 35.3 mg/l (Table 2). A part of
return flow, concentrated due to evaporation and Potassium concentration is definitely contributed by the
anthropogenic activity [15]. In addition, the concentration irrigation return flow.
of HCO  and Na should be simultaneously increased due The  order of Anion concentration is Cl>SO >HCO3

to silicate weathering. in all samples. As it is seen, chloride and Sulfate ions are
Calcium and magnesium concentrations in the dominant ions in the  study  area  ranging  from  8875

groundwater samples vary from 700 to 1700 and 780 to to 50588 mg/l and 5328 to 13680 mg/l with average
3480 mg/l with an average concentrations of 1103 and concentrations  of  30413  and  8393  mg/l, respectively.
2013 mg/l, respectively. The ratio of Ca/Mg in The  heavy  concentration  of   chloride   may   be  caused

4 3
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Table 1: concentration of major ions (mg/lit) along with some physicocohemical properties of groundwater samples (EC:µS/cm)
Sample Na K Mg Ca SO HCO CI EC TDS pH4 3

1 30452.00 33.15 1860.00 1400.00 9360.0 212.0 44375.00 85323.0 55459.9 7.14
2 28635.00 42.90 2760.00 1600.00 8880.0 183.0 44730.00 98000.0 63700.0 7.20
3 29542.00 38.00 2309.00 1498.00 9120.0 197.0 44551.00 93200.0 60580.0 7.17
4 19964.00 37.05 2880.00 900.00 13680.0 335.5 26625.00 64920.0 42198.0 7.40
5 21960.00 34.32 2400.00 1000.00 9504.0 244.0 33725.00 71412.0 46418.8 7.33
6 30337.00 39.00 3480.00 1200.00 12240.0 244.0 45972.50 88500.0 57525.0 7.27
7 27462.00 46.80 2820.00 1200.00 7200.0 244.0 50587.50 94700.0 61555.0 7.40
8 11960.00 35.10 1344.00 800.00 6672.0 305.0 22187.50 54781.0 35566.7 7.48
9 9568.00 35.10 1380.00 1200.00 5328.0 366.0 17750.00 43590.0 28333.5 6.48
10 10971.00 31.20 1740.00 800.00 5808.0 274.5 21300.00 51009.0 33155.8 7.56
11 19320.00 35.88 780.00 1700.00 5856.0 183.0 30175.00 68630.0 44609.5 7.87
12 4491.90 25.35 1380.00 700.00 6720.0 335.5 8875.00 25041.0 16276.7 7.84
13 7731.00 28.00 1559.00 749.00 6264.0 304.0 15086.00 38025.0 24716.3 7.70
14 24517.00 36.00 2579.00 948.00 11352.0 365.0 33635.00 70021.0 45513.7 7.56
15 18699.00 33.15 1680.00 700.00 10464.0 488.0 21300.00 49154.0 31950.1 7.86
16 15145.00 33.00 1259.00 1248.00 5832.0 227.0 25736.00 49819.5 38882.7 7.70
Average 19422.18 35.30 2013.10 1102.70 8392.5 281.7 30413.16 66003.9 42902.5 7.50
Max 30452.00 46.80 3480.00 1700.00 13680.0 488.0 50587.50 98000.0 63700.0 7.90
Min 4491.90 25.35 780.00 700.00 5328.0 183.0 8875.00 25041.0 16276.6 6.80
*Dringking water 50 75 200 200 500 6.5
**Irrigation water 200 12 150 200 400 600 1500 8.5

Table 2: concerntration of heavy metals and trace elements (µg/lit) in groundwater samples
Sample As Co Cu Mo Ni Pb Zn Fe
1 17.50 12.50 505.50 320.50 135 26 16.35 1250
2 5.58 16.20 533.30 208.60 150 149 43.32 4130
3 11.20 13.90 519.00 264.25 142 87 29.53 2600
4 25.40 17.30 303.50 146.20 110 161 24.71 610
5 23.80 14.50 303.30 119.20 145 242 16.04 900
6 25.40 16.70 591.50 56.50 160 32 3..3 660
7 6.79 25.10 594.50 162.80 185 131 32.26 1240
8 22.60 15.00 199.90 87.70 125 71 48.33 1770
9 20.70 14.70 159.00 63.40 180 13 6.58 2650
10 18.90 9.06 175.40 31.90 125 79 18.79 610
11 27.00 9.12 320.20 65.60 115 33 5.40 2100
12 31.00 11.70 7.22 95.70 115 36 21.18 1720
13 24.75 10.00 90.90 63.50 120 57 19.68 1160
14 41.40 11.80 391.15 37.45 134 66 40.01 1600
15 58.00 7.62 191.60 19.00 110 101 50.32 2680
16 22.70 8.70 247.40 48.45 119 55.50 11.85 1300
Average 23.92 13.37 320.84 111.92 135.63 83.72 29.29 1686.25
Max 58 25.10 594.50 320.50 185 242 60.58 4130
Min 5.58 7.62 7.22 19 110 13 5.4 610
*Drinking water 10 ne 2000 70 20 10 ne 300
**Irrigation water 5000 ne 200 10 200 5000 2000 5000
*Health based limit value or maximum concentration limits (WHO, 2004)
**Recommended maximum concentrations (NAS 1972, Pratt1972)

mainly by  Maharloo  lake saltwater intrusion and partly 209.32 in samples were collected from the average depth
by evaporation and/or irrigation return flow [16]. The of 2.35 m and at a distance of 3 to 6 km from the Maharloo
Cl/HCO  ratio also support this conclusion as a ratio of Lake, suggestion severe contamination by saline water3

more than 2.8 is generally taken as severe contamination intrusion where enriched by evaporation from water table,
with saltwater intrusion and/or dissolution of evaporatic dissolution of evaporatic formation, and anthropogenic
formation [17]. The ratio of Cl/HCO  ranges from 26.45 to activity.3
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Table 3: Pearson correlation among selected physicochemical properties and elements in groundwater of the study area

Na K Mg Ca SO4 HCO3 CI EC As Co Cu Mo Ni Pb Zn pH Fe

Na 1.00 .733 .686 .615 .597 -0.45 .557 .909 -0.27 0.44 .960 .586 0.38 0.27 -0.01 -.706 0.12** ** * * ** ** ** * **

K .733 1.00 .671 .556 0.29 -0.36 .814 .844 -0.47 .755 .831 0.33 .643 0.35 0.29 -.552 0.25** * * ** ** ** ** ** *

Mg .686 .617 1.00 0.08 .760 -0.12 .669 .643 -0.22 -655 .701 0.28 0.45 0.46 0.17 -.668 -0.16** * ** ** ** ** ** **

Ca .615 .556 0.08 1.00 -0.07 -757 .664 .720 -.550 0.19 .664 .522 0.36 -0.09 -0.18 -0.42 0.42* * ** ** * ** *

SO4 .597 0.29 .760 -0.07 1.00 0.19 0.41 0.36 0.28 0.25 0.46 0.20 -0.07 0.37 0.12 -0.41 -0.16* **

HCO3 -0.45 -0.36 -0.12 -757 0.19 1.00 -.593 -.630 .790 -0.24 -.551 -.540 -0.23 -0.07 .554 0.49 0.00** ** ** * * *

CI .957 .814 .669 .664 0.41 -.593 1.00 .952 -0.49 .578 .990 .605 .541 0.26 -0.05 -.746 0.08** ** ** ** * ** * ** * * **

EC .909 .8.44 .643 .720 0.36 -630 .952 1.00 -.570 .553 -947 .628 0.49 0.33 0.03 -.149 0.30** ** ** ** ** ** * * ** ** **

As -0.27 -0.47 -0.22 -550 0.28 .790 -0.49 -.570 1.00 -.570 -0.46 -.604 -.532 -0.14 0.16 .640 -0.07* ** * * * * **

Co 0.44 .755 .655 0.19 0.25 -0.24 .578 .553 -.570 1.00 .585 0.40 -718 0.36 0.26 -.587 -0.06** ** * * * ** *

Cu .960 .831 .701 .664 0.46 -.551 .990 .947 -0.46 .585 1.00 .569 -537 0.19 0.01 -.735 0.09** ** ** ** * ** ** * * * **

Mo .586 0.33 0.28 .522 0.20 -.540 .605 .628 -.604 0.40 .569 1.00 0.23 0.17 -0.13 -.741 0.21* * * * ** * * **

Ni 0.38 .643 0.45 0.36 -0.07 -0.23 .541 0.49 -.532 .718 .537 0.23 1.00 0.05 0.41 -.541 0.14** * * ** * *

Pb 0.27 0.35 0.46 -0.09 0.37 -0.07 0.26 0.33 -0.14 0.36 0.19 0.17 0.05 1.00 -0.04 -0.31 -0.04

Zn -0.01 0.29 0.17 -0.18 0.12 .554 -0.05 0.03 0.16 0.26 0.01 -0.13 0.41 -0.04 1.00 -0.13 .529* *

pH -706 -552 -668 -0.42 -0.41 0.49 -746 -.749 .640 -.587 -.735 -.741 -.541 -0.31 -0.13 1.00 -0.03** * ** ** ** ** * ** **

Fe 0.12 0.25 -0.16 0.42 -0.16 0.00 0.08 0.30 -0.07 -0.06 0.09 0.21 0.14 -0.04 .529 -0.03 1.00*

. Correlation is significant at the 0.01 level (2-taied)**

. Correlation is significant at the 0.05 level (2-taied)*

The concentration of bicarbonate is attributed to Correlation Analysis: In order to quantitatively analyse
natural processes such as dissolution of carbonate and confirm the relationship among major and trace
minerals in presence of soil CO . The most likely source element contents in groundwater samples, Pearson’s2

for sulphate concentration in groundwater samples is correlation analysis was applied to the data (Tables 3).
gypsum  dissolution,  along  with use of fertilizers in Correlations among various metal contents, major
arable land, and sewage effluents. elements, EC and pH in groundwater samples are

Trace and HeavyMetals in Groundwater: Concentrations correlations among various elements in groundwater
of selected heavy metals and trace elements are samples are evident. Na, Cl, K, Mg and Cu are
summarized in Table 2.The average abundance order of significantly correlated (0.69<r<0.96). The strong
heavy metal and trace element contents in groundwater correlation between Na and Cl (r= 0.96), indicate a
samples are: Fe>Cu>Ni>Mo>Pb>Zn>As>Co, respectively. common chemical behavior. Ca, SO  and Mo are less
The maximum determined concentrations of Fe, Cu, Ni, significantly related to the above elements (0.59<r<0.62).
Mo, Pb, Zn, As and Co are 4130, 595, 185, 321, 242, 60.6, 58 Ca and Mg are not significantly correlated (0.08)
and 25.1 µg/lit. indicating that Ca and Mg are not probably related to

The concentration of iron in all groundwater samples dissolution of low magnesium carbonate, or dolomite
is higher than the WHO standard of 0.3 mg/l [18]. Lead deposits. Major elements such as Na, Cl, K, and Mg
concentration in natural water is mainly attributed to display  significant  correlation  with  EC (0.64<r>0.95).
anthropogenic activity as it is extensively used in some This reflects the fact that EC of groundwater is strongly
pesticides such as lead arsenate, and industrial activities. controlled, by Cl and Na content. SO  and HCO  anions
Lead concentration in all analysed samples is also higher show  less  positive  and  high  negative   correlation
than the WHO (2004) standard. The concentration of (0.36 and-0.63) with EC, respectively. Ni is significantly
nickel in drinking water is normally less than 0.02 mg/l, correlated with Co and K (0.64<r>0.72) and less
and higher concentration of nickel compounds is significantly with Cu and Cl. Zn displays moderate
considered to be carcinogenic when related to pulmonary correlation with total Fe contents and HCO  (0.53<r>0.55)
exposure [17]. The concentration of nickel in the study and may reflect significant affinity of this element for Fe.
area ranges from 0.110 to 0.185 mg/l (Table 2), which may Arsenic presents a positive significant correlation with
create problems to the human health. The concentration HCO  and pH (0.64<r<0.79) that may indicate acidity of
of Mo and As in groundwater for 56% and 87.5 of the water play a significant role in the dissolution and
samples are higher than WHO standards (0.07 and distribution of As in the groundwater. Pb is not
0.01mg/l, respectively). meaningfully correlated with above elements.

calculated and presented in Table 3. Significant positive

4

4 3

3

3
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Table 4: Principal component analysis for experimented variables in
groundwater samples

Rotated Component Matrix
--------------------------------------------------------------------

Component PC1 PC2 PC2 PC4

Ca 0.92 -0.15 0.05 0.18
HCO3 -0.85 0.20 -0.19 0.39
EC 0.82 0.41 0.30 0.17
CI 0.78 0.49 0.30 0.06
Cu 0.76 0.51 0.29 0.12
Na 0.74 0.63 0.09 0.14
Mo 0.70 0.14 0.20 -0.08
pH -0.57 -0.42 -0.49 0.04
SO4 0.05 0.95 -0.16 0.04
Mg 0.20 0.84 0.40 -0.02
Pb 0.01 0.52 0.24 -0.19
Co 0.19 0.37 0.84 0.01
Ni 0.25 0.06 0.83 0.28
As -0.60 0.24 -0.67 0.25
K 0.52 0.40 0.54 0.32
Zn -0.32 0.14 0.35 0.83
Fe 0.30 -0.25 -0.05 0.82

% of Variance 33.81 21.31 18.21 11.13
Cumulative 33.81 55.12 73.33 84.46

Rotation Method: Varimax with Kaiser Normalization.

Principal Component Analysis: Principal component
analysis (PCA) is the most common multivariate statistical
methods used in environmental studies [11, 19-21]. It also
helps in assigning source identity to each one of the PCs,
as well as being a very powerful method of exploratory
data processing and interpretation.

PCA is widely used to reduce data [22] and to extract
a small number of latent factors for analyzing relationships
among the observed variables.

The most common PCA type producing more
interpretable components is the varimax rotation, which is
applied in the current study. Factor loadings > 0.71 are
typically regarded as excellent and < 0.32 very poor for
interpretation [23, 24].The number of significant principal
components is selected on the basis of the Kaiser
criterion with eginvalue higher than 1[25].

The results of PCA for selected heavy metals along
with Fe, EC, Ca, Mg, Na, K, HCO , Cl, and SO  of3 4

groundwater samples are presented in Table 4. Four
factors are extracted to statistically represent the
contributions influencing chemical composition of
groundwater. These components all describe 84.46% of
the total variance of the data.

The first component (PC1), explaining 33.81% of the
total variance, shows strongly and positively loading
related to Ca, Na, Cl, Cu, Mo,  and  EC.  K  (0.52)  display

moderate positive loading, which may, therefore, display
a quasi-independent behavior within this group. The
second component (PC2), explaining 21.31 of the total
variance, showed high positive loading on SO and Mg.4

Na, Cu, Pb, Cl and EC indicate moderate positive loading
in relation with PC2. Third component (PC3), which
described 18.21 % of the variance, has a high factor
loading for Co and Ni and low positive loading for EC, Zn,
Cu and Cl. Fourth component (PC4), explaining 11.13% of
the total variance, has a high factor loading for Zn and Fe.
HCO  (0.4) show moderate positive loading.3

The strong association of Na, Ca, and Cl with EC on
PC1 can be explained by the control of groundwater EC
with Cl, Na and Ca contents. The presence of Na and Cl
could be interpreted as a signature of the evaporation and
saltwater intrusion. SO  does not show significant loading4

with EC and probably reflect anthropogenic inputs.  High
loading of Cu and Mo on PC1 may also be influenced by
an anthropogenic source.  High factor loading for SO and4

Mg, and moderate positive factor loading for Pb on PC2
probably reflect contribution of both geogenic and
anthropogenic sources for these variables. According to
High loading of Ni and Co, (PC3) indicates that geogenic
sources may play a major role in the distribution of these
heavy metals in groundwater. The contribution of Arsenic
in PCs is negligible. The variable behavior of As probably
reflects various sources. High loading of Zn with Fe on
PC4 indicate that iron content plays a significant role in
the dissolution and distribution of Zn in the groundwater.

CONCLUSIONS

The part of Gharebagh plain close to the Maharloo
Lake is a sedimentary terrain consisting of sandstone,
clay, silt and alluvium. The chemical composition of the
groundwater in this part is controlled by several
processes such as saline water intrusion, mineral
dissolution and anthropogenic inputs. The results
indicate that Na, K and Cl can be derived from (i) irrigation
return flow, (ii) anthropogenic activity in the inland area,
(iii) evaporation, and (iv) saline water intrusion. Calcium
is mostly derived from dissolution of gypsum and partly
from carbonate dissolution along with ion exchange
process in the groundwater. The concentration of Mg and
SO  are controlled by geogenic processes and4

anthropogenic inputs.
The result of PCA shows strong and positive loading

related to Ca, Cl, Na, Cu, Mo and EC and moderate
positive loading with K on PC1, suggestion EC values of
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groundwaters being controlled by Cl, Na and Ca content. 5. Nickson,  R.T., J.M.    McArthur,   B.   Shrestha,
Cu and Mo are probably influenced by anthropogenic
sources.  High loading of Ni and Co, indicates that
geogenic sources may play a major role in the distribution
of these heavy metals in groundwater. The variable
behavior of As probably reflects various sources. High
factor loading for SO and Mg, and moderate positive4

factor loading for Pb probably reflect contribution of both
geogenic and anthropogenic sources.

The quality of the groundwater from low part of
Gharebagh plain and Shiraz industrial complex zone is far
from drinking water standard and is not suitable for
domestic and agriculture purposes. The higher
concentration of toxic metals (Fe, Mo, Pb, As and Ni) may
entail various health hazards and the use of such wells
should be avoided. The technical measures that should be
taken in order to preserve and improve water quality in the
affected parts include (a) construction of sewer system
extending throughout the area to collect waste water (b)
treatment of collected waste water that is presently being
discharged into adjoining rivers and irrigation channels
(c) optimal amount of fertilizer application and (d)
maintenance of optimal amount of pumping in the
Gharebagh plain.
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