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Abstract: One of the most important agriculture areas in Kurdistan province in west of Iran, is the Qorveh Plain.
Naturally-occurring arsenic (As) pollution along with agricultural drain waters are the great challenges to
quality of water resources in this area. Therefore, 64 agricultural groundwater samples (depth on average 75 m)
were collected from this area in September 2009. Water samples were analyzed for pH, water electrical
conductivity (Ec ), As, Mn, Fe, Ca, Mg, Na, K, NO –N, P, Cl, HCO , CO , SO –S, Si, total hardness (TH), totalw 3 3 3 4

alkalinity (TA), total dissolved solids (TDS), sodium adsorption ratio (SAR) and adjusted SAR. The results
showed that surveyed groundwaters for irrigation purposes have a high salinity hazard (92%, C3 class), low
alkalinity hazard (100%, excellent class), mildly acidic in nature, rich in bicarbonate ions (increasing alkalinity
hazard) and are very hard. Furthermore, the toxicities of arsenic (range: 11.0-149.1, mean: 48.1 ppb), nitrate
(range: 1.6-79.0, mean: 39.4 ppm) and phosphorus (range: 0.02-0.46, mean: 0.13 ppm) were found in the
groundwaters. The results also indicated that the amount of nutrient ions such as N, P, K and S in the water
samples were considerable. Thus, to minimize soil and groundwater degradation and cost of cultivation, the
amount of these ions should be subtracted from the recommended fertilizers in this area. In general, the quality
of the groundwaters is not suitable for sustainable crop production and soil health without appropriate
remediation.
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INTRODUCTION Kurdistan is basically an agricultural province; it falls

Abstraction for irrigation is a major environmental and thereby extended drought, groundwater extraction
pressure factor, is by far the dominant use of groundwater has risen in the last decade in this area. In regions of
globally and has grown dramatically in the last 50 years intense agricultural activities, soil and water degradation
[1]. On the other hand, safe and successful crops results from the addition of salts by dissolution during the
production on sustainable basis is dependent on the irrigation process, from salts added as fertilizers or soil
availability  of   ample  supplies  of  good  quality  water. amendments and from the concentration of salts by
In some areas groundwater quality is at risk from the evapo-transpiration [12]. The problems are more acute in
results of human activities (such as uncontrolled the areas where the irrigation water quality is poor due to
application of fertilizer and manure and unsuitable salinity and high concentrations of toxic chemicals such
irrigation practice), changes in climatic conditions, as As and nitrate. Because irrigation is the primary use of
residence time of water with aquifer materials and inputs water in arid and semi-arid regions, irrigation return flow
of soil during water percolation [2-4]. The presence of As can be the major cause of groundwater pollution in such
in groundwater has been reported in many parts of the regions [13]. Thus, the monitor and assessment of water
world [5]. Furthermore, there are many reports on the quality on regular basis is very important. Hence, the
presence of high nitrate-N concentrations in groundwater, present work is undertaken with the objective of
especially, in irrigated locations [6-8]. Nitrate and assessment of groundwater quality and its suitability for
phosphorus contamination of groundwater in Iran has irrigation purpose in the Qorveh Plain in Kurdistan,
also been increasingly reported [9-11]. western Iran.

in the arid and semi-arid climate. Due to change in climate
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Fig. 1: The Sanandaj-Sirjan zone in Iran (a), Kurdistan province map and location of study area (b), Location of wells
sampled (c).

MATERIALS AND METHODS ha  year . The chemical fertilizers commonly used in the

Study Area: The study area is located in the northern-east potassium sulphate in addition to the poultry manure.
region  of  Qorveh  plain   in   Kurdistan  province, in
west of Iran. It is confined  between  longitudes  47°57 Sampling Method: Sixty-four groundwater  samples
40  and  48°8  34  E and latitudes 35°7  2 and 35°12  47 N (depth on average 75 m) were collected from the north-
(Fig. 1a, 1b and 1c). According to the Köppen's climate eastern  part  of  Qorveh  city  during  September 2009
classification, Qorveh plain is belongs to the cool, with (Fig. 1a, 1b and 1c). To collect the water samples, 300 ml
dry summer and humid mesotermal and is categorized (for assessment of cations) and 1000 ml (for assessment of
semi-arid. The mean annual value precipitation and anions plus pH and Ec) polyethylene containers were
temperature is 339 mm and 11.4°C, respectively. Qorveh washed by detergent, rinsed first with hot water, then
plain is important agriculturally and irrigation schemes are once with 0.1 N HCl  and  twice  with  distilled  water.
developed mainly for wheat (Triticum aestivum L.), barley Then containers were left to dry and then they were
(Hordeum vulgare L.), alfalfa (Medicago sativa L.) and capped. The containers were then ready to be used to
potato (Solanum tuberosum L.) production. The total collect the water samples from the wells. Samples were
amount of annual irrigation water is about 700 to 1,600 mm collected after at least 30 min pumping time. At the time of

1 1

study area are urea, diammonium phosphate and
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collection,  the   turbid   water   samples    were   filtered. RESULTS AND DISCUSSION
To  keep  the  cations  as  solution  and prevent
adsorption or deposition on the walls of the sample The physicochemical analyses of the groundwater
containers,   pH    of   the   smaller  containers was samples were statistically analyzed and the results are
reduced  to below 2  using  pure  HNO ;  and  to avoid presented in Table 1.3

loss or gain  of  CO   or  other  gases  when  exposed to2

air, both bottles were filled completely and  capped Water  Quality  Assessment  for  Irrigation  Purposes:
tightly. After the sampling, the samples were immediately In this  study,   assessment  of  the  suitability of
transferred  to  laboratory  and  refrigerated (at 4°C) until collected  samples  for irrigation purpose was evaluated
their analysis. by comparing the physicochemical parameters with

Sample Analysis: Samples were analyzed in the results were discussed by the following basic criteria
laboratory for the major physio-chemical properties (Tables 2 and 3):
according to the Standard Methods for the Examination of
Water and Wastewater (volume 1) described in Andrew Specific Ions Toxicity: Depending on the source, some
et al. [14]. The pH and water electrical conductivity (EC ) irrigation effluent can contain high levels of heavy metalsw

were measured on pH and electrical conductivity meters, and other ions [17]. Total As concentrations ranged from
respectively. Calcium (Ca ) and magnesium (Mg ) were 11.0 to 149.1 ppb with an average value of 48.1 ppb.2+ 2+

determined by complexometric method. Chloride (Cl ) was Compared to the FAO’s [18] irrigation water guideline of–

measured by AgNO  titration method. Bicarbonate 100 ppb for As, 6% of water samples showed higher3

(HCO ) and carbonate (CO ) were determined by concentrations, while it is a major concerning that all3 3
– 2–

titration with H SO . Sodium (Na ) and potassium (K ) water  samples   showed  As  concentrations  of  above2 4
+ +

were measured by flame emission photometric method. the WHO [19] guideline value in potable water (10 ppb).
Sulphate (SO ) was determined by turbidimetic method. It  should  be  noted  that   although   the  concentration4

2–

Silicon (Si) was measured by the spectrophotometric of  As   in    94%   of   the   water   samples   was  below
molybdosilicate method. Nitrate (NO ) and phosphorus the   permissible    level    of  As    in   irrigation   water,3

–

(P) were  measured   by  spectrophotometric  method. on the   basis    of   average   values   of As
Total arsenic (As ) was determined by the graphite concentration  in  the  groundwaters (48.1 ppb) andtotal

furnace atomic absorption spectrophotometry (GF-AAS) annual  irrigation  water  (1150 mm ha  year ) in this
(Varian 220, Mulgrave, Victoria, Australia) and the total area,  assuming  annually  added  about 55.3 g of As to
iron (Fe ) and total manganese (Mn ) were also the top soil (0-10 cm) per ha. With considering a soiltotal total

determined using atomic absorption spectrophotometry density equal 1.4 tm , gives deposition of 0.04 mg As kg
(AAS). Total hardness (TH) and total alkalinity (TA) were soil per year. Therefore, the continuation use of this
calculated as CaCO . Sodium Adsorption Ratio (SAR) and contaminated water for irrigation in the long term3

adjusted SAR were calculated using the Ayers and increases the As contamination in the soils. There are
Westcott   equation    [15].    Total    dissolved   solids many reports about As contamination of soil and crops
(TDS) were calculated by using the  following  equation: grown on these soils through irrigation with As
TDS (ppm) = 640 × EC  (dSm ). contaminated water [20].w

1

standard set described in  Duncan  et  al.  [16].   The

1 1

-3 1

Table 1: Summary statistics of chemical compositions of major ions in the tube wells of Qorveh Plain (unit as a ppm except As (ppb)

Parameter As NO Cl CO HCO SO P Na K Ca Mg Fe Mn SiOTotal 3 3 3 4 Total Total 2
-  - 2- - 2- + + 2+ 2+

Min 11.0 1.6 30.0 n.d 194.0 61.2 0.02 85.1 1.6 46.9 6.6 n.d n.d 19.2

Mean 48.1 39.4 100.2 5.3 458.0 181.9 0.13 126.0 7.8 133.9 32.0 0.18 0.01 29.7

Max 149.1 79.0 469.5 40.5 960.4 405.7 0.46 356.8 28.2 388.0 153.8 1.86 0.16 48.1

Std. dev. 30.7 17.8 67.2 8.1 198.0 71.1 0.09 36.4 3.7 64.6 23.3 0.18 0.03 8.3

n.d., Not detected.
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Table 2: Summary statistics of water quality parameters in the tube wells of Qorveh Plain
Parameter pH Ec T.D.S SAR Adj SAR TH TAw

1 2 3 4 5 6

Units - dS m ppm - - ppm ppm1

Min 5.7 0.6 406.8 1.6 4.6 162.0 170.1
Mean 6.6 1.2 792.0 2.6 6.7 466.1 388.5
Max 7.5 2.2 1440.4 5.2 16.4 1087.0 797.3
Std. dev. 0.6 0.3 215.2 0.6 1.7 192.5 157.3
 Water Electrical Conductivity Total Dissolved Solid1 2

Sodium Adsorption Ratio Adjusted Sodium Adsorption Ratio3 4

Total Hardness Total Alkalinity5 6

Table 3 Irrigation water quality
Classification scheme Water class Ranges Percent of samples
Ec [32] Excellent < 0.25 0

Good 0.25-0.75 3
Permissible 0.75-2.250 97
Doubtful 2.250-5.000 0
Soft 0-75 0

Hardness (ppm as CaCO ) [27] Moderately hard 75-150 03

Hard 150-300 5
Very hard Over 300 95

TDS Classification [35] None < 200 0
Slight 200-500 5
Moderate 500-1500 95
Severe 1500-3000 0

SAR [31] Excellent 0-10 100
Good 10-18 0
Fair 18-26 0
Poor >26 0

The Si concentration in the groundwater varied from Phosphorus concentration was between 0.02 to 0.46
19.2 to 48.1 ppm, with a mean of 29.7 ppm. Permissible ppm, with an average value of 0.13 ppm. Phosphorus at
limits of silica in irrigation water have not been prescribed. concentrations greater than 0.02 ppm suggests either a

Nutrient Ions Assessment: Due to the nutrient load in nonpoint sources such as fertilizer and animal waste or a
effluent irrigation water, fertility programs must be combination of natural and human sources [24].
adjusted to maximize plant performance and to minimize Phosphorus concentrations in all of the water samples
environmental impact [22]. were considerably higher than the normal limit (0.02 ppm).

The concentration of NO  ion lies between the As will be discussed the elevated concentrations of P3
–

ranges of  1.6   to  79.0  with  a  mean  of  39.4  ppm. could be attributed to an agricultural activities in this area.
Ninety-seven  percent  of  all  water   samples  exceeded An important observation in this study is that P
the   concentration   for   nitrate  (2.0 ppm) in  shallow concentration in most of the water samples was well
groundwater [23]. However, the concentration of nitrate within the normal range value for phosphorus (0.1-0.4
in 72% of the water samples was higher than 30 ppm, ppm) in irrigation water. Duncan et al. [16] have pointed
which can result severe toxicity in some plants [16]. To out that when concentration of P in irrigation water fall in
avoid toxicity or excessive vegetative growth and to the normal range (0.1-0.4 ppm) in irrigation water, it is not
minimize nitrate leaching to groundwater, nitrogen in the necessary to apply additional P-based fertilizers, since
irrigation water should be subtracted from the this nutrient is one of the least mobile of nutrients in the
recommended nitrogen fertilizer. According to the nitrate soil and can contribute to algal blooms in holding ponds
concentration in the surveyed groundwaters, nitrate or contamination in surface and subsurface water
withdrawn and deposition on agricultural land by each of resources. However, application of phosphorus fertilizers
the irrigation (=10 cm) of the studied groundwater can is common in this area (about 150 kg h  as a diammonium
supply1.6 to 79.0 (mean: 39.4) kg of NO  h . phosphate).– 1

3

natural source in the soils or aquifer sediments, or

1
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The concentration of Cl  ion lies between the ranges surveyed groundwaters can added 1.6 to 28.2 (mean: 7.8)–

of 30.0 to 469.0 with a mean of 100.2 ppm. Chloride can kg of K h . Considering this amount of K can minimize
accumulate at potentially toxic levels for roots and leaves the requirement for potassium fertilizers in this area.
at 70-100 ppm and can restrict N uptake [21]. According to Total iron and Mn  concentration varied from 0 to
the toxicity range, 73% of the water samples are not 1.86 and 0 to 0.16 ppmwith a mean of 0.18 and 0.01 ppm,
suitable for irrigation. However, only 5% of water samples respectively. All of the water samples under the test were
exceeded  the  maximum  permissible  limit (250 ppm) for far below the maximum acceptable concentration  of  Fe
Cl  in irrigation water. (5.0 ppm) and Mn (0.2 ppm) for irrigation purpose.–

It is possible that the high concentration of nutrient
ions such as nitrate and phosphorous and chloride in pH: The mean pH of water samples was 5.7, with maximum
these groundwaters result from excessive application of of 7.5 and minimum of 6.6. It indicated that the water
manure and inorganic fertilizer at a rate greater than samples were mildly acidic in nature. Out of 64 water
agronomic rate in this area. Qorveh Plain is one of the samples, 46 samples had an acidic pH (below 7.0) and 16%
most important agriculture areas in the Kurdistan of them go beyond the normal permissible range of pH for
province. However, water and fertilizers in this area are irrigation purpose (6–8.5) [15]. Lower pH values in the
not used effectively and economically. Farmer inquiries surveyed groundwaters may be attributed by larger
indicate that in addition to chemical fertilizers – used often quantities of dissolved minerals [28] and acidic ions such
up to 2–3 times the recommended rate – use is also made as SO . It confirm by that in this study pH was
of organic manure, especially poultry manure, which is negatively correlated with TDS (r = –0.52; P<0.01) and
most frequently used for potato fields (about 10 ton ha SO  (r = –0.21; P<0.1). In general, waters with a low pH1

year ). Nutrient ions  from  such   sources   and   decay are corrosive, which can damage to metal pipe and other1

of natural  organic   matter   coupled   with   rainfall  and fixture of the plumbing system. Farmer inquiries indicate
ill-conducted irrigation can be increased groundwater that eroding of plumbing system is one of the most
contamination via runoff and infiltration in this area as problems that the farmers are facing with it in this area.
previously showed by Limbrick [25], Rodvang et al. [26]
and Jalali [9, 11]. Salinity Hazard: Salinity is the total amount of inorganic

The concentrations of SO  fall between 61.2 and solid material dissolved in any natural water and water4
2–

405.7 ppm, with a mean of 181.9 ppm. The maximum salinization refers to an increase in total dissolved solids
acceptable limit of SO  in irrigation water is 180 ppm. On (TDS) and the overall chemical content of the water [29].4

2–

the basis of this permissible limit, 44% of the water Salinity of groundwater is a useful indicator of the land
samples were unsuitable for irrigation usage. area at risk from salinity. Electrical conductivity and TDS

The concentrations of Ca  and Mg  ions ranged are used as tools for salinity assessment; their amounts2+ 2+

from 46.9 to 388.0 and 6.6 to 153.8 ppm, with a mean of ranged from 0.6 to 2.2 dSm  and 406.8  to  1140.4  ppm
133.9 and 32.0 ppm, respectively. Calcium is not with a mean of 1.2 dSm  and 792.0 ppm, respectively. As
considered to have a directly toxic effect on plants, but shown in Table 3, according to the grading standards of
water containing excessive amount of calcium may TDS and EC , most of the water samples fall in the
immobilize other nutrient ions such as iron, phosphorus, moderate waters category. It indicated that continued use
zinc, potassium, magnesium, boron and copper in soils, of the water may produce salinity problem in the soils.
which can result shortage of  these  elements  in  plants.
In general, water containing less than 80 ppm Ca and Alkalinity Hazard: Alkalinity is water’s acid-neutralizing
below 35 ppm of Mg is suitable for irrigation purpose. capacity and is primarily a function of carbonate,
Therefore, on the basis of Ca and Mg content, 81% and bicarbonate and hydroxide content. The total alkalinity
31% of the water samples can not safely be used for (TA) value in water samples ranged from 170.1 to 797.3
irrigation, respectively. with an average of 388.5 ppm as CaCO . In general, when

The concentration of K ion ranged from 1.6 to 28.2 Na concentration excess 200 ppm in applied irrigation+

ppm, with a mean of 7.8 ppm. All of the water samples well water displace calcium and magnesium in exchangeable
within the maximum permissible limit of K  (30 ppm) in form on the soil clays and causes dispersion of soil+

irrigation water. In the same way that was calculated for particles and then soil infiltration problems [30]. In the
nitrate, application of one irrigation (=10 cm) of the current  study,  the  concentration of Na ion ranged from

1

total

4
2–

4
2–

1

1

W

3
+

+
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85.1 to 356.8 ppm, with a mean of 126.0 ppm. All of the resulting in a lowered these ions content and higher SAR,
water samples except one sample well within this which increases Na  hazard and causes soil structural
permissible limit for Na  (200  ppm)  in  irrigation  water. breakdown in this area. Thus, the waters are not suitable
But sodium adsorption ratio (SAR) is basically used for for irrigation under ordinary condition. It confirm by that
assessment of alkalinity hazard in irrigation water, amount the amount of adj.SAR at 59% of the water samples was
of which was 1.6 to 5.2 with a mean of 2.6. As shown in higher than 6. In general, when amount of adj.SAR
Table 3 according to the Richards’s classification  [31], exceeded the 6, to prevent Na  hazard in the soil, acid
the SAR of all of the groundwater samples was excellent; treatment plus lime or gypsum applications are needed
it indicated that the Na  concentration of these waters [16].+

might not be harmful for soils and crops in this area.

Salinity and Alkalinity Hazard Class: According to the amount of calcium and magnesium and, to a lesser
Wilcox classification diagram [32], water classes of water extent, iron. The TH  value  in  water  samples  ranged
samples were C3-S1 (92%), C2-S1 (5%) and C4-S1 (3%). from 162 to 1087.0 with an average of 466.1 ppm as CaCO .
Major classes are C3-S1, which indicates a high salinity The waters were classified as hard (5%) and very hard
hazard but not  an  alkalinity  hazard  due  to  low  SAR (95%) based on Sawyer et al. classification [29] for
(on average 2.6). The result shows that excessive amount hardness (Table 3). Depending on factors such as pH and
of salts is one of  the  major  problems  with  water  used alkalinity, a hardness of higher than about 200 ppm will
for  irrigation  in  this area. High salt concentration in lead to scale deposits in the piping system [34]. Therefore,
water irrigation can reduce or even prohibit crop most of the water samples (98%) can problematic for
production and will result in land degradation and plumbing system.
groundwater pollution. Therefore, it is a real need to
revise the management of irrigation water and salinity CONCLUSIONS
control in this area. Special circumstances such as
leaching requirement for salinity control or salt tolerant This study was conducted in the Qorveh plain,
plants may be required. Kurdistan, in the west of Iran, to investigate the

Carbonate and Bicarbonates Influence: Another property irrigation usage. Samples were collected from 64
related  to  the  Na  hazard of irrigation waters is the agricultural wells and their physio-chemical properties+

HCO  concentration. High concentrations of bicarbonate were measured. The results showed that As, NO  and P3
–

and carbonate ions in irrigation water can induce pollution are in an alarming state in this area. Among the
precipitation of calcium and magnesium ions from soil appeared pollutions, arsenic has a geologic origin and
solution, resulting allows sodium adsorbed to dominate nitrate and phosphorus can affect by human activities
onto the clay surfaces, which increases the  sodium such as application of fertilizers and irrigation practice in
hazard   associated    with    the    irrigation   water [33]. this area. In general, surveyed  groundwaters  for
The concentrations of HCO  and CO  fall between 194.0 irrigation purposes have a high salinity level, low3 3

– 2–

and 960.4 and 0 and 40.5 ppm, with a mean of 458.0 and 5.3 alkalinity, rich in bicarbonate (increasing alkaline hazard)
ppm, respectively. The maximum acceptable limit of and nutrients ions, mildly acidic in nature and are very
HCO  and CO  in irrigation water is 250 and 15 ppm. On hard. The continuation of this manner of farming (i.e. the3 3

2– 2–

the basis of these permissible limits, 91% and  11%  of the use of this contaminated water for irrigation and
water samples are unsuitable for irrigation usage with application of fertilizers over the recommended rate) in the
respect to HCO and CO . But it should be noted that long–term without appropriate management increases the3 3

2– 2–

the adverse effects of high concentrations of HCO and risk of soil salinization and arsenic, nitrate and3
–

CO ions on soil and plant are associated with calcium, phosphorus contamination in the soil and water, which3
2–

magnesium and sodium concentration. Thus, for waters further result in food chain contamination. In conclusion,
containing  significant   amounts   of   bicarbonate, the the authors suggest that nowadays, without paying
adjusted sodium adsorption ratio (adj.SAR) is used; its attention to soil and water quality indicators, attempts to
amount was 4.6 to 16.4 with a mean of 6.7. The result produce more crops on less lands, are not acceptable.
shows that in all cases adj.SAR  is  higher  than  SAR. Education in environmental health science and raising
This result indicates that bicarbonate causes precipitation public awareness are the most important step for
of Ca  and Mg  in the form of calcite and magnesite, achieving this important goal.2+ 2+

+

+

Total Hardness (TH): Water hardness is primarily due to

3

groundwater quality with a detailed assessment on

3
-
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