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ABSTRACT: Groundwater quality regarding major anions and cations in the Birjand 
Plain located in the largest desert in Eastern Iran was monitored in this study. Fifteen 
boreholes were considered as sampling stations and the parameters pH, TDS, EC and 
major anions and cations were measured in groundwater samples. The dominant 
groundwater types can be introduced as sodium-chloride and magnesium-sulphate. The 
majority of samples were within the not-suitable category for drinking uses. Regarding 
agricultural use, around 80 and 50 per cent of samples indicated a very high salinity 
hazard and a very high sodium alkali hazard, respectively. Spatial distribution of salinity 
was also monitored within the study area. If the study area was considered to be a 
semicircle, the centre appeared to be the least polluted area, while towards the peripheral 
surroundings, an increasing behaviour was observed. Intrusion of salt water from eastern 
and western parts of the study area caused severe groundwater degradation. The relatively 
better quality of groundwater in southern areas may be attributed to a chain of mountains 
located along south of the study area. The prevention of uncontrolled groundwater 
withdrawal must be regarded to cease the salinization trend and to prepare the required 
infrastructure for implementing the artificial recharge projects. 
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INTRODUCTION
 
 

Natural resources have been adversely 

impacted by daily reinforced industrial and 

agricultural activities (Sherif et al., 2011; 

NabiBidhendi et al., 2007; Psychoyou et 

al., 2007). Ever-increasing pollution 

discharge into environmental bodies has 

resulted in vast ecological degradation 

during recent years (Mohamet et al., 2005; 

Nasrabadi et al., 2011; Nasrabadi et al., 

2010b; Lopez and Vurro, 2008).Water 

resources have been one of the most 

significant targets of such industrialization. 

On the other hand, water is considered as 

an absolutely major challenge within the 
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structure of sustainable development 

approach (Manoli et al., 2004). As a 

remarkable per cent of achievable potable 

water globally (around 90%) is regarded as 

groundwater resources, the monitoring of 

qualitative and quantitative parameters 

pertained to such resources should be 

highlighted. Furthermore, considering the 

bigger pollution exposure potential of 

surface water compared to groundwater, 

and consequently higher imposed treatment 

costs would also justify the groundwater 

option (Baghvand et al., 2010). 

The water demand generated by 

agricultural, industrial and residential land 

use has caused an ascending withdrawal of 

groundwater. This phenomenon is more 
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frequently observed in sensitive areas like 

deserts and coastal environments, where 

aquifers may suffer from saline water 

intrusion and upconing, which consequently 

results in quality degradation (Silva et al., 

1998). 

Groundwater quality deterioration has 

occurred in many aquifers around the world 

for a variety of reasons, among which the 

issue of salinization is well-recognized 

(Bear et al., 1999). Compiling the origin and 

mechanisms of such phenomena has been 

taken into consideration by many 

researchers worldwide. Depending on case 

studies, some major causes include 

dissolution (Pulido et al., 2003), downward 

leakage (Aunay et al., 2007), upward flow 

from deep saline water (Vengosh et al., 

1999), fossil seawater (Yamanaka and 

Kumagai, 2006) or seawater intrusion (Kim 

et al., 2003) have been introduced. 

Iran is a country that is highly threatened 

by a potential water crisis. A relatively low 

precipitation rate, as well as its uneven 

temporal and spatial distribution, is among 

the major causes of such a potential crisis 

(Lopez and Vurro, 2008). Water scarcity in 

areas where inadequate precipitation 

dominates will cause an overload of 

groundwater withdrawal. Such phenomena, 

when applied without the required 

considerations, may adversely affect aquifer 

quality due to salinization in areas that are 

located close to deserts or marine areas. 

Roughly half of Iran is occupied by vast 

deserts that can be regarded as a potential 

risk for groundwater degradation. Lut is the 

largest desert in Eastern Iran and the second 

largest in the country. In the present study, 

groundwater quality of a plain within the 

desert water basin was considered with 

regard to major anions and cations. 

Study area 
Birjand Plain, with an approximate surface 

area of 1045 square kilometres, is part of 

the Lut Desert water basin in Eastern Iran. 

The study area is located at 67° 63/ and 72° 

31/ longitude and 36° 33/ and 36° 42/ 

latitude. With an average altitude of 1400 

metres above sea level, the plain stretches 

westwards in the shape of a bended strip. 

Being surrounded by mountainous areas 

like the Baqeran and Shekarab mountains, 

the plain includes an alluvial aquifer at its 

centre. The study area, as well as details 

regarding the sampling stations, is shown 

in Figure 1. 

 

Fig.1. Study area and sampling stations 
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MATERIALS & METHODS 
Fifteen boreholes were considered for the 

sampling campaign within the study area 

(Fig. 1). in order to gain in-depth 

knowledge about the quality of regional 

groundwater parameters like pH, electrical 

conductivity, total dissolved solids, 

sodium, calcium, potassium, magnesium, 

carbonate and bicarbonate, sulphate and 

chloride were analysed in water samples. 

Electrical conductivity and pH were 

measured in situ. TDS was determined 

gravimetrically at between 105 to 110°C 

(Kazi et al., 2009). Bottles for metal 

analysis were immediately acidified with 

1% Merck quality nitric acid, while those 

for the anions' analysis were treated with 

no acidification. Anion concentrations 

were measured using HACH DR/2000, 

while cations were measured using ICP-

MS according to the EPA 3005 method. 

Data processes were rendered using 

software such as AqQa, SPSS 15, Excel 

and Surfer. 

RESULTS & DISCUSSION 
The values for the parameters pH, EC and 

TDS, as well as major anions and cations 

are shown in Table 1.  

Table 1. Hydrochemical analysis of the studied aquifer 

Station 

Water resources 

coordination TDS 

mg/L 

EC 

µS/cm 

pH 

 

meq/L  

X Y CO3
2- HCO3

- Cl- SO4
2- Ca2+ Mg2+ Na+ K+ 

1 3634205 680252 2079.1 3420 8.15 -- 7.44 12.52 15.27 4.96 13.98 15.97 0.08 

2 3636107 710442 1504.3 2490 8.33 1.25 5.49 9.76 9.25 3.35 9.86 11.92 0.17 

3 3642451 711354 4000.4 6590 8.12 -- 3.15 42.40 22.25 13.60 14.83 34.79 0.25 

4 3637060 682830 1969.3 3270 8.80 0.49 3.82 15.15 14.83 4.25 16.42 12.78 0.12 

5 3640150 698850 620.1 1072 7.53 -- 3.82 3.88 3.85 1.80 5.38 4.32 0.14 

6 3638400 689600 845.2 1456 8.40 0.49 4.81 6.23 3.85 1.94 7.30 5.41 0.11 

7 3641911 702989 3635.6 6240 8.66 1.15 3.25 43.28 15.51 3.69 14.79 43.82 0.18 

8 3640985 684178 5130.5 8440 7.50 -- 3.15 48.50 38.86 10.80 16.10 58.63 0.40 

9 3636741 707795 670.6 1131 8.10 -- 5.25 3.29 3.31 1.94 5.62 3.91 0.05 

10 3636393 722737 3690.6 6021 8.28 -- 3.25 40.42 17.50 4.81 9.97 46.10 0.15 

11 3633268 676332 2992.3 4940 7.84 -- 4.60 32.73 14.00 3.82 5.83 40.37 0.13 

12 3637260 679606 4820.1 7960 7.95 -- 3.25 49.79 29.00 2.81 13.47 65.00 0.27 

13 3636480 723103 1920.8 3280 8.61 -- 4.15 20.21 8.41 5.39 5.97 23.00 0.08 

14 3636269 718845 3715.4 5960 7.99 -- 2.84 39.34 17.8 8.24 13.84 36.97 0.15 

15 3633326 677997 2510.8 3960 8.46 -- 5.98 23.86 9.72 5.84 13.71 20.38 0.22 

 

As was observed, a concentration of 

carbonate was not detected in most of the 

samples, while that of potassium was also 

negligible. Generally, within the study area, 

chloride and sulphate may have been 

introduced as the first and second dominant 

anions, while in case of cations, sodium and 

magnesium were remarkable, in a 

descending order. In order to investigate the 

spatial distribution of the studied parameters, 

isoconcentration contours were generated 

within the study area (Figs. 2 to 9).  
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Fig. 2. Spatial distribution of TDS within the study area 

 

Fig. 3. Spatial distribution of EC within the study area 

 

Fig. 4. Spatial distribution of bicarbonate within the study area 
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Fig. 5. Spatial distribution of chloride within the study area 

 

Fig. 6. Spatial distribution of sulphate within the study area 

 

Fig. 7. Spatial distribution of calcium within the study area 
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Fig. 8. Spatial distribution of sodium within the study area 

 

Fig. 9. Spatial distribution of magnesium within the study area 

As can be seen, a remarkable similarity 

was observed between the distribution pattern 

of TDS (or EC) (Figs. 2 or 3) and that of 

chloride (Fig. 5) and sulphate (Fig. 6) in 

anions, as well as sodium (Fig. 8) and 

magnesium (Fig. 9) in cations. Conversely, 

calcium and bicarbonate showed a completely 

different pattern compared to TDS. 

Water type is dependent on factors such 

as the lithological characteristics of 

aquifers, retention time and the pattern of 

groundwater flow (Lopez and Vurro, 

2008). In order to distinguish the regional 

groundwater type, a piper diagram is 

presented in Figure 10. 

As is shown in Figure 10, the major 

water types can to some extent be 

identified as Na- Cl and Mg- sulphate. 

Regarding potable water, a Schoeller 

diagram was generated for all water 

samples (Fig. 11). 

According to the Schoeller diagram, 

except for stations 5, 6 and 9, no water 

samples met the necessary criteria to be used 

as drinking water. In order to monitor the 

water quality for agricultural use, the Wilcox 

diagram was also considered (Fig. 12).  

Figure 12 indicates that the majority of 

water samples showed very high and high 

risks concerning both salinity and sodium 

alkali hazards for agricultural use. 
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Piper Diagram
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Fig. 10. Piper diagram showing regional groundwater type

Schoeller Diagram
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Fig. 11. Schoeller diagram showing the regional groundwater suitability for drinking uses
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Fig. 12. Wilcox diagram showing the regional groundwater suitability for agricultural uses 

CONCLUSION  
The groundwater quality regarding major 

anions and cations in the Birjand Plain, 

located in the largest desert in Eastern Iran, 

was monitored in this study. Fifteen 

boreholes were considered as sampling 

stations and the parameters pH, TDS, EC 

and major anions and cations were 
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measured in groundwater samples. The 

first and second dominant anions and 

cations were introduced as chloride, 

sulphate and sodium, and magnesium, 

respectively. In other words, Na- Cl and 

Mg- SO4 will be to some extent the major 

groundwater types in the study area.  

A case such as the current study is 

relatively distinguished among aquifers 

that are normally applied to drinking and 

agricultural uses with Ca- HCO3 type 

(Lopez and Vurro, 2008; Baghvand et al., 

2010a; Nasrabadi et al., 2009). From a 

drinking use point of view, except for three 

samples from the central part of study area, 

which showed good quality, the majority of 

samples located within the not-suitable 

category. Such a result is interesting when 

considering that the main drinking water 

supply for Birjand city (the capital of South 

Khorasan Province) is groundwater. The 

case will be even more dramatic when 

considering the water's agricultural uses; 

while around 80 per cent of water samples 

indicated a very high salinity hazard and 

the rest 20 per cent remained in the high 

risk category. The same held true for 

sodium alkali hazards, while more than 

half of the water samples fitted the high 

and very high risk classes. Similar 

groundwater quality degradation in Iranian 

aquifers adjacent to deserts and marine 

areas has been reported in recent years 

(Baghvand et al., 2010). Spatial 

distribution of salinity has also been 

monitored within the study area regarding 

TDS or EC as indexes. If the study area 

was considered a semicircle, the centre 

appeared to be the least polluted area, 

while towards the peripheral surroundings, 

an increase in pollution was observed; 

however, the degradation severity 

northwards was less compared to the east 

and westwards. The relatively better 

quality of groundwater in southern areas 

may be attributed to the Baqeran mountain 

chain located along the south of the study 

area. A similar justification is suggested for 

northern areas, where some mountains 

enclose the study area. Finally, most 

polluted areas were located in the eastern 

and western parts of the study area, where 

intrusion had occurred due to an overload 

groundwater discharge. The adjacency of 

the Lut Desert, the second largest in Iran, 

serves as a potential risk exposure that 

must be considered in the context of 

regional groundwater withdrawal. The 

prevention of uncontrolled groundwater 

withdrawal must be regarded as curtailing 

the salinization trend and preparing the 

required infrastructure for implementing 

artificial recharge projects.  

REFERENCES 
Aunay, B., Driger, N., Duvail, C., Grelot, F., Le 

Strat, P., Montginoul, M. and Rinaudo, J.D. (2006). 

Hydro-socio-economic implications for water 

management strategies: the case of Roussillon 

coastal aquifer. (Paper presented at 

DarcyInternational Symposium, Aquifer Systems 

Management, Dijon). 

Baghvand, A., Nasrabadi, T., NabiBidhendi, G.R., 

Vosoogh, A., Karbassi, A. R. and Mehrdadi, N. 

(2010). Groundwater quality degradation of an 

aquifer in Iran central desert. Desalination, 260, 

264-275. 

Bear, J., Cheng, A.H.D., Sorek, S. and Ouazar, 

D.H.I. (1999). Seawater Intrusion in Coastal 

Aquifers-Concepts, Methods, and Practices (Kluwer 

Academic Publishers,Dordrecht). 

Kim, Y., Lee, K.S., Koh, D.C., Lee, D.H., Lee, 

S.G., Park, W.B., Koh, G.W. and Woo, N.C. 

(2003). Hydrogeochemical and isotopic evidence of 

groundwater stalinization in coastal aquifer: a case 

study in Jeju volcanic island, Korea. J. Hydrol., 

270, 282–294. 

Kazi, T.G., Arain, M.B., Jamali, M.K., Jalbani, N., 

Afridi, H.I., Sarfraz, R.A., Baig, J.A. and Shah, 

A.Q. (2009). Assessment of water quality of 

polluted lake using multivariate statistical 

techniques: A case study. Ecotox. Environ. Safe., 

72, 301-309. 

Lopez, A., Vurro, M. (2008). Planning agricultural 

wastewater reuse in southern Italy: The case of 

Apulia Region. Desalination, 218, 164-169. 

http://www.sciencedirect.com/science/article/pii/S0011916410001323?_alid=1849378830&_rdoc=8&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=cc6067b1a5583731bb9938a59d7cb205
http://www.sciencedirect.com/science/article/pii/S0011916410001323?_alid=1849378830&_rdoc=8&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=cc6067b1a5583731bb9938a59d7cb205
http://www.sciencedirect.com/science/article/pii/S0011916410001323?_alid=1849378830&_rdoc=8&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=cc6067b1a5583731bb9938a59d7cb205
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WDM-4S9NG9C-1&_user=1400009&_coverDate=02%2F28%2F2009&_alid=836309402&_rdoc=3&_fmt=high&_orig=search&_cdi=6770&_sort=d&_docanchor=&view=c&_ct=6543&_acct=C000052577&_version=1&_urlVersion=0&_userid=1400009&md5=3986c9a1389ab74b80af35b5430e7f8e
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WDM-4S9NG9C-1&_user=1400009&_coverDate=02%2F28%2F2009&_alid=836309402&_rdoc=3&_fmt=high&_orig=search&_cdi=6770&_sort=d&_docanchor=&view=c&_ct=6543&_acct=C000052577&_version=1&_urlVersion=0&_userid=1400009&md5=3986c9a1389ab74b80af35b5430e7f8e
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WDM-4S9NG9C-1&_user=1400009&_coverDate=02%2F28%2F2009&_alid=836309402&_rdoc=3&_fmt=high&_orig=search&_cdi=6770&_sort=d&_docanchor=&view=c&_ct=6543&_acct=C000052577&_version=1&_urlVersion=0&_userid=1400009&md5=3986c9a1389ab74b80af35b5430e7f8e
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WDM-4S9NG9C-1&_user=1400009&_coverDate=02%2F28%2F2009&_alid=836309402&_rdoc=3&_fmt=high&_orig=search&_cdi=6770&_sort=d&_docanchor=&view=c&_ct=6543&_acct=C000052577&_version=1&_urlVersion=0&_userid=1400009&md5=3986c9a1389ab74b80af35b5430e7f8e
http://www.sciencedirect.com/science/article/pii/S0011916407005218?_alid=1849378830&_rdoc=28&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=e150686e4247650a0b48305c952be39b
http://www.sciencedirect.com/science/article/pii/S0011916407005218?_alid=1849378830&_rdoc=28&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=e150686e4247650a0b48305c952be39b
http://www.sciencedirect.com/science/article/pii/S0011916407005218?_alid=1849378830&_rdoc=28&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=e150686e4247650a0b48305c952be39b
http://www.sciencedirect.com/science/article/pii/S0011916407005218?_alid=1849378830&_rdoc=28&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=e150686e4247650a0b48305c952be39b


Nasrabadi, T.et al. 

54 

 

Manoli, E., Assimacopoulos, D., Karavitis, A. 

(2004). Water supply management approaches 

using US on the island of Rhodes, 

Greece.Desalination,161, 179-189. 

Mohamed, A.M.O., Maraqa, M. and Al Handhaly, 

J. (2005). Impact of land disposal of reject brine 

from desalination plants on soil and groundwater. 

Desalination, 182, 411-433. 

NabiBidhendi, G.R., Karbassi, A.R., Nasrabadi, T. 

and Hoveidi, H. (2007). Influence of Copper Mine 

on Surface water Quality. Int. J.Sci.Tech., 4, 85-91.  

Nasrabadi, T., NabiBidhendi, G.R., Karbassi, A.R., 

Grathwohl, P. and Mehrdadi, N. (2011). Impact of 

major organophosphate pesticides used in 

agriculture to surface water and sediment quality 

(Southern Caspian Sea basin, Haraz River). 

Environ. Earth Sci., 63, 873–883. 

Nasrabadi, T., NabiBidhendi, G.R., Karbassi, A.R., 

Hoveidi, H., Nasrabadi, I. and Pezeshk, H. (2009). 

Influence of Sungun copper mine on groundwater 

quality, NW Iran. Environ. Geol., 58, 693–700. 

Nasrabadi, T., NabiBidhendi, G.R., Karbassi, A.R. 

and Mehrdadi, N. (2010a). Evaluating the efficiency 

of sediment metal pollution indices in interpreting 

the pollution of Haraz River sediments, southern 

Caspian Sea basin. Environ. Monit. 

Assess.,171,395-410. 

Nasrabadi, T., NabiBidhendi, G.R., Karbassi, A.R. 

and Mehrdadi, N. (2010b).Partitioning of metals in 

sediments of the Haraz River (Southern Caspian 

Sea basin). Environ. Earth Sci., 59, 1111-1117. 

Psychoyou, M., Mimides, T. and Rizos, S. (2007). 

Groundwater hydrochemistry at Balkan coastal 

plains-the case of Marathon of Attica, Greece. 

Desalination, 213, 230-237. 

Pulido-Leboeuf, P., Pulido-Bosch, A., Calvache, 

M.L., Vallejos, A. and Andreu, J.M. (2003). 

Strontium, SO2
_
 4 /Cl- and Mg2

+
/Ca2

+
 ratios as 

tracers for the evolution of seawater into coastal 

aquifers: the example of Castle de Ferro aquifer (SE 

Spain). Compt. Rend. Geosci., 335, 1039–1048. 

Sherif, M., Mohamed, M., Kacimov, A. and Shetty, 

A. (2011). Assessment of groundwater quality in 

the northeastern coastal area of UAE as precursor 

for desalination. Desalination, 273, 436-446. 

Silva-Filho, E.V., Tubbs, D. and Maddock, J.E.L. 

(1998). Hydrochemical description of 

Groundwaters from a coastal region of Rio de 

Janeiro State.Brazil. (In J.C. Wasserman, (Eds.), 26, 

235-246.Springer-Verlag). 

Vengosh, A., Spivack, A.J., Artzi, Y. and Ayalon, 

A. (1999). Geochemical and boron, strontium, and 

oxygen isotopic constraints on the origin of the 

salinity in groundwater from the Mediterranean 

coast of Israel.Water Resour. Res., 35, 1877–1894. 

Yamanaka, M. and Kumagai, Y. (2006). Sulfur 

isotope constraint on the provenance of salinity in a 

con.ned aquifer system of the southwestern Nobi 

Plain, central Japan. J. Hydrol., 325, 35–55. 

 

http://www.sciencedirect.com/science/article/pii/S0011916404900537?_alid=1849378830&_rdoc=23&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=c7caff1c8860fe044052c7b419aef984
http://www.sciencedirect.com/science/article/pii/S0011916404900537?_alid=1849378830&_rdoc=23&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=c7caff1c8860fe044052c7b419aef984
http://www.sciencedirect.com/science/article/pii/S0011916404900537?_alid=1849378830&_rdoc=23&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=c7caff1c8860fe044052c7b419aef984
http://www.sciencedirect.com/science/article/pii/S0011916404900537?_alid=1849378830&_rdoc=23&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=c7caff1c8860fe044052c7b419aef984
http://www.sciencedirect.com/science/article/pii/S001191640500456X?_alid=1849378830&_rdoc=22&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=0a4d092669e3ed7c440eb8ff0f0763f5
http://www.sciencedirect.com/science/article/pii/S001191640500456X?_alid=1849378830&_rdoc=22&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=0a4d092669e3ed7c440eb8ff0f0763f5
http://www.sciencedirect.com/science/article/pii/S001191640500456X?_alid=1849378830&_rdoc=22&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=0a4d092669e3ed7c440eb8ff0f0763f5
http://www.sciencedirect.com/science/article/pii/S0011916407003256?_alid=1849378830&_rdoc=15&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=5451bb069e65dcfaa8393253e256eabb
http://www.sciencedirect.com/science/article/pii/S0011916407003256?_alid=1849378830&_rdoc=15&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=5451bb069e65dcfaa8393253e256eabb
http://www.sciencedirect.com/science/article/pii/S0011916411000804?_alid=1849378830&_rdoc=13&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=4bb87b71c64d620adf7cdd373ae08790
http://www.sciencedirect.com/science/article/pii/S0011916411000804?_alid=1849378830&_rdoc=13&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=4bb87b71c64d620adf7cdd373ae08790
http://www.sciencedirect.com/science/article/pii/S0011916411000804?_alid=1849378830&_rdoc=13&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=4bb87b71c64d620adf7cdd373ae08790
http://www.sciencedirect.com/science/article/pii/S0011916411000804?_alid=1849378830&_rdoc=13&_fmt=high&_origin=search&_docanchor=&_ct=34&_zone=rslt_list_item&md5=4bb87b71c64d620adf7cdd373ae08790

	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



