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Abstract: The present study is taken up near the some industrial parts of Marvdasht city. Concentrations of
major  ions  and PO , NO  and heavy metals (As,  Cd  and Pb) are studied in the groundwater of three4 3

Marvdasht, Kharameh and Zarghan plains, during winter, spring, summer and fall, to assess contamination due
to industrialization, urbanization and agricultural activity. Groundwater samples were collected from 120 wells.
The  analyses  show that  Na in all  plains  is  the  dominant  cation and CL  in  Zarghan,  Kharameh  and
Korbal-Marvdasht plains, HCO3 in Bidgol-Mayin and Dashtbal-Lanetavosi plains and SO4 in Dashtak-Drodzan
plain are the dominant anions. Groundwater pH varies between 6.7 and 8.2. The best quality of  the groundwater
for drinking and agricultural use is observed in Bidgol-Mayin plain. The maximum determined concentrations
of Pb, As and Cd are 0.036, 0.015 and 0.0032 respectively. The concentration of Pb and As in groundwater for
7.5% and 2% of the samples respectively are higher than WHO standards. The concentration of Cd in
groundwater for only one sample in the center of Zarghan plain in the spring is higher than WHO standards.
The principal component analysis (PCA) is used to assess the main factors responsible to concentration of
dissolved ions.
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INTRODUCTION natural origin (e.g. eroded minerals within sediments,

One of the most important environmental issues products) or of anthropogenic origin (i.e. solid waste
today is ground water contamination [1]. Contamination disposal, industrial or domestic effluents, harbor channel
of the  groundwater  by  domestic  industrial  effluents dredging)[3]. Some of the metals are essential to sustain
and agricultural activity is a serious problem faced by life, calcium, magnesium, potassium and sodium must be
developing countries. The industrial waste water, sewage present for normal body functions. Also, cobalt, copper,
sludge and solid waste materials are currently being iron, manganese, molybdenum and zinc are needed at low
discharged  into  the  environment  indiscriminately. levels as catalyst for enzyme activities [4], however,
These materials enter subsurface aquifers, resulting in the excess exposure to heavy metals can result in toxicity.
pollution of irrigation and drinking water [2]. Between the Heavy metals can cause serious health effects with
wide diversity of contaminants affecting water resources, varied symptoms depending on the nature and quantity
heavy metals receive particular concern considering their of the metal ingested [5]. They produce their toxicity by
strong toxicity even at low concentrations [3]. forming complexes with proteins, in which carboxylic acid

Heavy metals are elements having atomic weights (–COOH), amine (–NH2) and thiol (–SH) groups are
between 63.546 and 200.590 and a specific gravity greater involved. These modified biological molecules lose their
than 4.0 i.e. at least 5 times that of water. They exist in ability to function properly and result in the malfunction
water in colloidal, particulate and dissolved phases [4] or death of the cells. When metals bind to these groups,
with their occurrence in water bodies being either of they   inactivate    important    enzyme   systems   or  affect

leaching of ore deposits and volcanism extruded
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protein structure, which  is  linked  to  the  catalytic Spectrophotometer, The presence and concentration of
properties of enzymes. This type of toxin may also cause three heavy metals (Pb, AS and Cd) were determined and
the formation of radicals which are dangerous chemicals the results compared to the maximum contaminant level
that cause the oxidation of biological molecules. specified by the World Health Organisation (WHO).

The most common heavy metals that humans are
exposed to are Aluminium, Arsenic, Cadmium, Lead and MATERIALS AND METHODS
Mercury. Aluminium has been associated with
Alzheimer’s and Parkinson’s disease, senility and Study Area: Marvdasht, Kharameh and Zarghan plains
presenile dementia. Arsenic exposure can cause among are located about 45km northeast of the shiraz city in the
other illness or symptoms cancer, abdominal pain and skin Shiraz Esfahan way between X=1206712-1312999 and
lesions. Cadmium exposure produces kidney damage and Y=3263231-3395448 in UTM scale. Main rivers in the
hypertension. Several epidemiological studies have study area are Kor and Sivand, they pass through the
revealed the toxicity of lead at very low concentrations. region and drain into Bakhtegan Lake. Based on the
They have been implicated in IQ/Learning disruptions, geographical location the study area is divided into three
overt clinical encephalopathy, atrophy and interstitial Marvdasht, Kharameh and Zarghan plains. Marvdasht
nephritis, hypospermia, testicular atrophy, hypertension plain consists of  four  plains: Dashtak-Doroodzan,
and biochemical enzyme changes at blood level Maiyn-Bidgol, Dashtbal-Lanetavosi and Marvdasht-
concentrations of 40-120 ug/dL [6-9]. In mid 2010, several Korbal (Fig. 1).
children were reported dead in eight communities in the Average annual rainfall in the study area is 300 mm,
northern Nigeria due to lead contamination [10]. which  mainly  takes  place  between   November  and

It is estimated that approximately one third of the May.  Thus  the  climate  is  classified  as  semi-arid
world’s population use groundwater for drinking [11]. climate type. Mean annual maximum and minimum
Groundwater is the major source of water supply for temperatures are 42°C and 3°C, respectively. Temperature
agriculture and domestic purposes in urban as well as can rise in the summer to 49°C. This situation of dryness
rural parts of  Iran. Due to the high concentration of provokes the loss of water resource especially during the
heavy metals in industrial areas, the possibility of last decade because the renewal of this resource is very
incorporation of heavy metals into drinking water is high weak.
[12].

Hydrogeochemical studies of  groundwater provide Geology: The  geologic  formations  surrounding the
a better understanding of possible changes in quality as study  area  comprise   Sarvak  formation (about 9% of
development progress. Several authors have reported total study  area), Tarbour formation(about 6.8%),
about the presence of contaminants in groundwater and Dariyan-Fahliyan formation (about 6.3%), Bangestan
surface waters in various part of the globe [13-16]. formation  (about  4.1%),  Asmari-Jahrom  formation

Due to the potential harm and dangers of heavy (about 3.1%), Kazhdumi Formation (about 2.7%),
metals, guidelines for the protection of aquatic life and Bakhtiyari formation (about 1.1%), Sachon formation
human health have been determined by different (about 1%), Sormeh formation (about 0.9%), Razak
international organizations [17]. The World Health formation (about 0.7%), Aghajari formation (about 0.6%),
Organization (WHO) has specified maximum contaminant Gurpi  formation  (about  0.3%),  Gadvan   formation
level (MCL) or action level which is an enforceable (about 0.2%) and Hormuz salt dome (about 0.18%).
standard set at a numerical value with an adequate margin quaternary alluvium with a surface area of  2741.7km   is
of safety to ensure no adverse effect of heavy metals on covered 62.9% of  total study area.  Alluvial  sediments
human health from drinking water. The main objectives of are consisting of sand, silt, clay coarse sediments, in some
the present study are (1) the evaluation of the chemistry cases, with rubble of coarse sand.
and quality of groundwater (2) the determination of the
concentrations of some heavy metals in the groundwater Sample Collection: For the assessment of groundwater
near the some industrial parts of Marvdasht city quality 120 water samples were collected during winter,
including: Shiraz Refinery and petrochemical, Abbaric spring, summer and fall (March and June-2010, to
industrial  town, Sina and Fars chemical industries, Pars September and December-2011). Major ions, NO3, PO4
oil companies, Marvdasht  wastewater  treatment plant and heavy metals such as Cadmium (Cd), Arsenic (As)
and etc. With the aid of Atomic Absorption and Lead (Pb) were analysed.

2



World Appl. Sci. J., 22 (3): 380-388, 2013

382

Fig. 1: The location of study area, sampling well and pollution sources

Sampling points were selected according to the from 7 to 5043 with an average value of 462 mg/lit. In the
following criteria: accessibility of well for sampling in center of the  plain the concentration of sulfat and
different seasons and in the difficult weather conditions, chloride in the groundwater is higher than WHO drinking
Absence of  random  pollution or contamination caused standard (higher than 250mg/l). Red marls, with layers of
by unknown factors in the sampling place and according gypsum and salt and Sachon formation are natural
to the foci of contamination such as industrial and places reasons for increasing sulfate and chloride in Zarghan
that are entering wastewater into the study area. plain. The average of Ph is  7.60.  The  EC  ranges  from

The samples were collected in polyethylene bottles 430 to 19562 with an average value of 3116 µS/cm. The
(1.5 liters capacity) which had been thoroughly washed N03 ranges from 0.42 to 218 with an average value of 40
and filled with distilled water and then taken to the mg/lit. Maximum concentration of Nitrates in all seasons
sampling site. The bottles were emptied and rinsed several and average concentration in spring are higher than WHO
time with the water to be collected. In order to establish standard (higher than 50mg/l). The PO4 ranges from 0.005
quality parameters of nitrate, nitrite and phosphate, dark to 0.144 with an average value of 0.061 mg/lit and it is not
glass containers were used. The samples were kept at 4°C higher than WHO standard.
prior to analysis. Electrical conductivity (EC) and pH were
measured in situ at each sampling point. Chemical Kharameh Plain: The order of cations chemistry for
analyses were carried out at the hydrochemistry Zagrous groundwater samples are Na> Ca> Mg >K and the order
Laboratory in Shiraz. The above said heavy metals have of anions are CL>SO  >HCO . The CL ranges from 16 to
been  analyzed  using  atomic absorption spectrometer 8404 with an average value of 1605 mg/lit and SO ranges
and sampling and analysis of water samples was carried from 36 to 2401 with an average value of 492 mg/lit. In the
out according to APHA [18, 19]. north of the plain the concentration of sulfat and chloride

RESULTS AND DISCUSSION Nearing the Bakhtegan lake, existence of Gurpi and

Major Ions Chemistry: The average Major ions reasons  for increasing   chloride    in   Kharameh  plain.
concentration, NO3, PO4, EC, pH and heavy metals of In places whit high groundwater level, evaporation is an
groundwater samples in four seasons and six plains are effective factor on the chlorid concentration. The average
summarized in Table 1 and 2. of Ph is 7.50. The EC ranges from 576 to 21742 with an

Zarghan Plain: The order of cations chemistry for 100 with an average value of 40.1 mg/lit. The maximum
groundwater samples are Na> Ca> Mg >K and the order concentration of nitrates in all seasons, are higher than
of anions are Cl>SO  >HCO . The CL ranges from 12 to WHO standard. The PO4 ranges from 0.001 to 0.186 with4 3

8687 with an average value of 695 mg/lit and SO ranges an average value of 0.050 mg/lit.4

4 3

4

in the groundwater is higher  than WHO standard.

sachon formations and Hormoz salt dome are natural

average value of 5038 µS/cm. The N03 ranges from 12 to
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Table 1: The average major ions concentration, EC, TDS and pH of groundwater samples in four seasons and six plains
mg/lit
-------------------------------------------------------------------------------------------------------------------------------------------------------

Season K Na Mg Ca SO CL HCO TDS EC pH+ + 2+ 2+ 2- - -
4 3

Zarghan plain
Spring 7.45 391.90 139.41 169.34 498.86 760.30 400.22 2366 3362 7.58
Summer 2.93 387.10 109.94 157.26 485.03 605.58 398.60 2145 2981 7.50
Fall 5.83 330.35 127.66 152.98 459.41 599.01 403.63 2077 2809 7.63
Winter 9.23 421.55 156.85 155.99 406.78 814.95 402.64 2366 3312 7.62
Kharemeh plain
Spring 13.71 566.08 301.89 318.87 489.76 1834.85 271.90 3794 5324 7.49
Summer 6.19 739.33 189.55 335.96 466.31 1608.32 305.64 3650 5044 7.44
Fall 11.91 499.65 275.75 372.51 534.55 1618.44 258.08 3568 5435 7.64
Winter 8.51 576.19 162.23 314.75 479.48 1359.37 254.13 3153 4350 7.65
Korbal-Marvdasht plain
Spring 4.78 328.44 75.32 143.17 213.71 630.10 356.63 1751 2630 7.61
Summer 2.41 324.06 57.29 133.93 208.56 517.91 355.61 1599 2314 7.50
Fall 4.54 289.79 81.13 123.58 217.39 532.10 385.44 1633 2489 7.48
Winter 5.56 370.52 81.07 158.65 243.54 670.88 369.51 1899 2822 7.61
Bidgol-mayin plain
Spring 2.41 12.42 10.94 72.81 10.97 16.55 274.59 400 492 7.49
Summer 1.37 14.45 10.64 84.17 11.77 16.84 302.05 441 551 7.50
Fall 0.85 11.31 12.77 78.16 24.18 17.43 274.59 419 505 7.19
Winter 0.78 7.05 20.47 56.11 9.61 12.12 259.84 366 461 7.61
Dashtak-Drodzan plain
Spring 1.76 94.70 31.68 73.48 80.08 96.63 369.68 747 991 7.46
Summer 1.93 126.23 43.27 76.43 159.30 130.22 379.68 878 1204 7.51
Fall 2.85 176.59 53.27 78.49 215.87 153.86 413.75 1094 1473 7.20
Winter 2.43 106.40 54.79 65.02 116.07 121.65 397.82 863 1209 7.68
Dashtbal-Lanetavosi plain
Spring 1.65 68.84 32.53 81.02 71.70 79.28 375.27 710 926 7.56
Summer 1.40 82.95 28.32 78.30 71.70 73.45 389.66 742 948 7.42
Fall 1.68 89.40 41.69 77.58 105.15 81.30 426.27 822 1046 7.30
Winter 1.82 68.75 51.68 62.98 64.43 87.89 409.49 746 1007 7.60
Rotation Method: Varimax with Kaiser Normalization.
Rotation converged in 6 iterations.

Dashtbal-Lanetavosi Plain: The order of cations 699 with an  average  value  of 106.5 mg/lit. SO  ranges
chemistry for groundwater samples are Na> Ca> Mg >K from  2.5  to  2161 with an average value of  132.5 mg/lit.
and the order of anions are HCO >CL >SO . The HCO As dominant formations in the region are carbonate3 4 3

ranges from 262 to 610 with an average value of 400 mg/lit. formations.  High  concentration  of  Sulfate in this plain
High concentration of bicarbonate is because of is due to anthropogenic activity including Shiraz
carbonate formations existence. The pH ranges from 7 to petrochemical, industrial wastewater, domestic sewage
8.1 with an average 7.5, pH values above 7, reflecting the and  irrigation  return  flow. The EC ranges from 401 to
alkaline nature of the water samples. The EC ranges from 8350  with  an  average value of 1163 µS/cm. The N03
581 to 1824 with an average value of 982 µS/cm. Maximum ranges from 1.2 to 93 with an average value of 17.9 mg/lit.
concentration of Nitrates  in the spring season is The  maximum  concentration of  nitrates in all seasons,
observed in a drinking well located in the north of the are higher than WHO standard.
plain, with amount of 71 mg/lit. Because risks of nitrate
contamination in drinking water some arrangements Korbal-Marvdasht Plain: The order of cations chemistry
should be made in this area. for groundwater samples are Na> Ca> Mg >K and the

Dashtak-Drodzan Plain: The order of cations chemistry 19.5  to  2482  with  an average value of  588 mg/lit.
for groundwater samples are Na> Ca> Mg >K and the Nearing the  Tashk  and Bakhtegan and evaporation due
order of anions are SO > CL> HCO . Na ranges from 3 to to  high   groundwater    level   in   some   parts,   are  main4 3

4

order of anions are CL>SO  >HCO . The CL ranges from4 3



World Appl. Sci. J., 22 (3): 380-388, 2013

384

Table 2: The average NO3, PO4 and heavy metals of groundwater samples in four seasons and six plains
mg/lit
--------------------------------------------------------------------------------------------------------------------------------------------------------------------

season PO4 NO3 Cd As Pb
Zarghan plain

Spring 0.016 46.020 0.0003 0.002 0.010
Summer 0.118 39.026 0.0005 0.008 0.008
Fall 0.085 34.530 0.0009 0.008 0.005
Winter 0.026 41.536 0.0004 0.001 0.005

Kharemeh plain
Spring 0.015 52.502 0.0003 0.004 0.004
Summer 0.074 43.365 0.0002 0.007 0.005
Fall 0.089 49.963 0.0005 0.007 0.007
Winter 0.025 43.718 0.0005 0.002 0.002

Korbal-Marvdasht plain
Spring 0.023 20.432 0.0003 0.003 0.011
Summer 0.103 15.410 0.0003 0.008 0.007
Fall 0.095 17.832 0.0004 0.006 0.006
Winter 0.028 18.993 0.0003 0.002 0.005

Bidgol-mayin plain
Spring 0.018 19.692 0.0002 0.003 0.009
Summer 0.134 17.237 0.0002 0.008 0.009
Fall 0.098 12.627 0.0005 0.007 0.004
Winter 0.053 14.642 0.0001 0.001 0.007

Dashtak-Drodzan plain
Spring 0.017 13.173 0.0002 0.002 0.007
Summer 0.132 18.975 0.0004 0.007 0.007
Fall 0.096 13.989 0.0007 0.007 0.007
Winter 0.031 16.587 0.0003 0.001 0.005

Dashtbal-Lanetavosi plain
Spring 0.020 24.753 0.0004 0.002 0.007
Summer 0.139 19.802 0.0003 0.007 0.006
Fall 0.092 21.034 0.0004 0.006 0.006
Winter 0.027 21.921 0.0001 0.002 0.005

reasons for increasing chloride in Korbal-Marvdasht Pb in groundwater for 7.5% of the samples especially in
plain. The EC ranges from 550 to 7100 with an average the  Zarghan  plain  is higher  than WHO standards
value of 2563 µS/cm. The N03 ranges from 0.42 to 45 with (higher than 0.01). The concentration of Cd in
an average value of 18 mg/lit. groundwater for only  one  sample in the center of

Bidgol-Mayin Plain: The order of cations chemistry for (higher than 0.003). The concentration of As in
groundwater samples are Na> Ca> Mg >K and the order groundwater for 2% of  the  samples especially in
of anions are HCO > SO  >CL. The  HCO   ranges  from Dashtbal-lanetavosi and Zarghan plains are higher than3 4 3

210  to  335  with  an   average   value   of   277  mg/lit. WHO standards (higher than 0.01).
High concentration of bicarbonate is because of In summer season the abundance order of heavy
carbonate formations existence. The pH ranges from 7 to metals contents in groundwater samples are: Pb>As>Cd,
8 with an average 7.4, pH values above 7, reflecting the respectively and maximum concentration of Pb is 0.0146
alkaline nature of the water samples. The EC ranges from mg/lit  in  Zarghan  plain  and minimum concentration of
380 to 630 with an average value of 502  µS/cm.  The N03 Pb is 0.0032 mg/lit in Kharameh plain. In fall season the
ranges from 6 to 46 with an average value of 16 mg/lit. abundance order of heavy metals contents in

Heavy Metals in Groundwater: The average heavy metals maximum  concentration  of As is  0.015  mg/lit in
concentrations in groundwater samples in all plains and Dashtbal-lanetavosi  plain and minimum concentration of
seasons are presented  in Figure 2. The concentration of As  is  0.0042 mg/lit. In winter season the abundance order

Zarghan plain in the spring is higher than WHO standards

groundwater samples are: As>pb>Cd, respectively and
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Fig. 2: The average heavy metals concentrations in groundwater samples in all plains and season

of heavy metals contents in groundwater samples are: helps in  assigning  source identity to each one of the
Pb>As>Cd, respectively and maximum concentration of PCs, as well as being a very powerful method of
Pb is 0.0107 mg/lit in Dashtbal- lanetavosi plain and exploratory data processing and interpretation. PCA is
minimum concentration of Pb is 0.00001 mg/lit in widely used to reduce data [25] and to extract a small
Kharameh plain. Generally winter season shows the number of  latent factors for analyzing relationships
lowest lead concentration in the region. In spring season among the observed variables. The most common PCA
the abundance order of heavy metals contents in type producing more interpretable components is the
groundwater samples are: Pb>As>Cd, respectively and varimax rotation, which is applied in the current study.
maximum concentration of Pb is 0.44 mg/lit in Zarghan Factor loadings > 0.71 are typically regarded as excellent
plain and minimum concentration of Pb is 0.00089 mg/lit in and    <  0.32  very   poor   for   interpretation   [26,  27].
Kharameh plain. Generally spring season shows the The number of significant principal components is
highest lead concentration in the region. High levels of selected on the basis of the Kaiser criterion with
lead in the spring can result in lead leaching by winter and eigenvalue higher than 1 [28].
spring precipitation and then they penetrate and The results of PCA for selected heavy metals along
accumulate in groundwater. with EC, Ca, Mg, Na, K, HCO3, CL, NO3, PO4 and SO4 of

Concentration  of  major  ions  and   heavy  metals 120 groundwater samples in the spring season are
(As, Cd, Pb, Zn and Cu) were studied in the groundwater presented in Table 3. Four factors are extracted to
of Zarghan plain in order assess the metal contamination statistically represent the contributions influencing
due to industrialization, urbanization and agricultural chemical composition of groundwater. These components
activity  by  Ebrahimizadeh,  Boustani  and Shakeri, 2011. all describe 74.52% of the total variance of the data.
The  analyses show that CL and Na are the dominate The first component (PC1), explaining 46.40% of the
anion and cation, respectively. The groundwater pH total variance, shows strongly and positively loading
varies between 7.17 and 8.05. The average abundance related to Ca, Na, CL, Mg, K, SO4 and EC. The second
order of  heavy metal contents in groundwater samples component  (PC2), explaining 10.12% of  the total
are Cu> Zn> Pb> As> Cd. The quality of the groundwater variance, showed high positive loading on Cd and As.
sample is not far from drinking water standard of WHO No3 indicate moderate positive loading in relation with
[20]. PC2. Third component (PC3), which described 10.09 % of

Principal Component Analysis: Principal component positive loading for Mg, Na, So4 and EC. Fourth
analysis (PCA) is the most common multivariate statistical component (PC4), explaining 7.9% of the total variance,
methods used in environmental studies [21-24]. It also has a high factor loading for Pb.

the variance, has a high factor loading for HCO3 and low
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Table 3: Principal component analysis for experimented variables in the
groundwater samples

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

Component PC1 PC2 PC3 PC4
Na 0.944 0.07 0.036 -0.029
K 0.981 0.021 -0.005 0.03
Mg 0.937 0.032 0.099 0.113
Ca 0.931 0.048 -0.007 0.098
SO4 0.8 0.122 0.169 -0.101
CL 0.979 0.039 -0.022 0.07
PH -0.367 0.195 0.015 -0.576
EC 0.989 0.055 0.085 0.036
HCO3 0.005 0.041 0.876 0.103
NO3 0.263 -0.505 0.441 0.086
PO4 0.041 0.242 0.599 -0.333
Pb -0.115 0.17 -0.021 0.744
AS 0.314 0.645 0.075 -0.119
Cd 0.066 0.768 0.196 0.196
% of Variance 46.4 10.12 10.9 7.9
cumulative 46.4 56.52 66.61 74.52

The strong association of Ca, Na, CL, Mg, k and SO4
with EC on PC1 can be explained by the control of
groundwater EC with Ca, Na, CL, Mg, k and SO4 contents.
The presence of Na and CL could be interpreted as a
signature  of  the evaporation and saltwater intrusion
From Tashk and Bakhtegan lakes. High factor loading for
As and Cd and moderate positive factor loading for No3
on PC2 probably reflect anthropogenic sources for these
variables. High loading of HCO3 and moderate positive
factor loading for NO3 and PO4 on PC3 show the
influence of rainfall and somewhat agricultural wastewater
on the aquifer recharge. High loading of Pb and low
loading of AS and Cd on PC4 indicate various sources of
Pb from AS and Cd.

CONCLUSIONS

The  chemical  composition of  the groundwater in
the  study  area is controlled by  several processes such
as saline water intrusion, mineral dissolution and
anthropogenic inputs. Existence of formations such as
Gurpi formation, Kazhdumi Formation, Razak formation,
Sachon formation and Hormuz salt dome in the surface
and depth of study area, has increased solutes in the
groundwater especially in the Khrameh and Zarghan
plains.

The results indicate that Na and CL can be derived
from (i) irrigation return flow, (ii) anthropogenic activity in
the inland area, (iii) evaporation and (iv) saline water
intrusion of Tashk and Bakhtegan lakes. The best quality
of  the  groundwater  for  drinking and agricultural use,
has observed in Bidgol-Mayin plain. Accumulation of

pollutants   and   industrial   centers   are   in  the
Dashtbal-Lanetavosi, Dashtak- Dorodzan and Zarghan
plains because of this, maximum concentration of Pb is
0.0146 mg/lit in Zarghan plain and maximum concentration
of As is 0.015 mg/lit in Dashtbal-lanetavosi plain.
Generally spring season shows the highest lead
concentration in the region. High levels of lead in the
spring can result in lead leaching by winter and spring
precipitation and then they penetrate and accumulate in
groundwater.

The result of PCA shows the strong association of
Ca, Na, CL, Mg, k and SO4 with EC can be explained by
the control of groundwater EC with Ca, Na, CL, Mg, k and
SO4 contents. The presence of Na and CL could be
interpreted as a signature of  the evaporation and
saltwater intrusion From Tashk  and Bakhtegan lakes.
High factor loading for As and Cd and moderate positive
factor loading for No3 probably reflect anthropogenic
sources for these variables. High factor loading of HCO3
and moderate positive factor loading for NO3 and PO4
show the influence of rainfall and somewhat agricultural
wastewater  on the aquifer recharge. High factor loading
of Pb and low factor loading of AS and Cd indicate
various sources of Pb from AS and Cd.

The higher concentration of toxic metals (Pb, As and
Cd) 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 of Zarghan slaughterhouse, aviculture and
livestock in the region, Shiraz Refinery and petrochemical,
Pars Oil  companies  that  are without sewage treatment.
(b) treatment of collected waste water that is presently
being discharged into adjoining rivers and irrigation
channels (for example in the study area, Marvdasht
petrochemical wastewater are discharged into Kor river)
and (c) optimal amount of fertilizer application. Because of
agricultural activity in Dashtbal-Lanetavosi plain
concentration of Nitrates in the spring season in drinking
well located in the north of the plain is higher than WHO
standard. Because risks of nitrate contamination in
drinking  water  some arrangements should be made in
this area.
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