
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Environmental Analytical Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713640455

Elemental and Geochemical Analysis of the Umm-Khurisan Spring Water
(Al-Hasa Area, Eastern Province, Saudi Arabia)
Ahmed A. Almohandisa

a Department of Geology, College of Science, King Saud University, Riyadh, Saudi Arabia

To cite this Article Almohandis, Ahmed A.(1991) 'Elemental and Geochemical Analysis of the Umm-Khurisan Spring
Water (Al-Hasa Area, Eastern Province, Saudi Arabia)', International Journal of Environmental Analytical Chemistry,
43: 4, 277 — 283
To link to this Article: DOI: 10.1080/03067319108027531
URL: http://dx.doi.org/10.1080/03067319108027531

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713640455
http://dx.doi.org/10.1080/03067319108027531
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Infern. J .  Enairon. Anal. Chem.. Vol. 43. pp. 271-283 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1991 Gordon and Breach Science Publishers S.A. 
Printed in the United Kingdom 

ELEMENTAL AND GEOCHEMICAL ANALYSIS OF 

AREA, EASTERN PROVINCE, SAUDI ARABIA) 
THE UMM-KHURISAN SPRING WATER (AL-HASA 

AHMED A. ALMOHANDIS 

Department of Geology, College of Science, King Saud University, Riyadh, Saudi 
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The Umm-Khurisan spring is a small spring, located in the Al-Hasa area in the Eastern Province of 
Saudi Arabia. 

The high concentrations of total hardness. total disolved solids, CI-, NO; and F - ,  and the high 
value of the electrical conductivity of the spring water are above the limits recommended by the World 
Health Organization standards with regard to potability. Concentrations, of other minor constituents 
are around these limits. Therefore, i t  is recommended that the Umm-Khurisan spring water should not 
be used for drinking purposes. The Umm-Kurisan water is a saline water with medium sodium hazard. 
Such water should be used only on  soils of moderate to good permeability. 

The Umm-Kurisan spring water probably is of meteoric origin of deep percolating water. 

1. INTRODUCTION 

The Umm-Khurisan spring is located in the Al-Hasa area, in the Eastern Province 
of Saudi Arabia. It is a small spring, situated within the Neogene formation, which 
is composed mainly of sandy marl, sandy limestone and marl. It is artesian in 
character. The Water reaches the spring through fractured beds of the underlining 
Neogene rocks. The Al-Hasa area is about 300km from Riyadh, the capital of 
Saudi Arabia. I t  is about 13C160m above sea leveL5 The Eastern Province 
belongs to the subtropic arid zone of the northern hemisphere, and the Al-Hasa 
area is considered to have a dry desert ~ l i m a t e . ~  There are about 160 springs in 
the Al-Hasa area’ which discharge about 10m3/sec. The water is used to grow 
dates, rice, alfalfa, and some vegetables in what is the largest irrigated area in 
Saudi Arabia.’ 

The Umm-Khurisan spring is about 2 km Southeast of Jabal Al Qarah, one of 
the most famous geological features in Al Hasa area. The Al Hasa area is one of 
the largest oases of the world. I t  is situated some 60 km inland of the Arabian Gulf 
coast, west of the sand desert of Al Jafurah.’ Situated between the rock desert of 
the As Summan plateau in the east and sand dunes covering the adjoining plain in 
the west, the Al Hasa area depends upon the large karst springs at the eastern 
scarp of As Summan plateau. The springs of the northern A1 Hasa area originate 
in a NW-striking joint system, parallel to the oil-bearing Ghawar anticline; the 
springs of the eastern Al Hasa area have their origin along a fault system crossing 
the anticline rectangularly (Figure 1). The spring area forms the surface of a heavily 
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karstified marly limestone of presumable Pliocene origin, and the springs discharge 
from vast solution caves and karst tubes.5 

The geological features and characteristics of aquifers in the A1 Hasa area are 
summarized in Table 1." .The Neogene formation is the major aquifer system 
feeding water to the Al Hasa  spring^.^ 

The purpose of this paper is to evaluate the water quality of Umm-Khurisan, 
and to look for its suitability for drinking and irrigation purposes. 

MATERIAL AND METHODS 

The geological features of the Al-Hasa area were studied during three field trips in 
1986. 

Representative water samples from the Umm-Khurisan spring were taken and 
stored in plastic bottles of 2 litres capacity. The bottles were previously cleaned 
with soap, and flushed with a preliminary water sample. In each case, five or six 
samples were taken separately and then mixed to get a representative sample for 
analysis. 

The chemical analysis of the water samples, after their acidification with extra 
pure nitric acid (Aldrich, U.S.A.) for their preservation, were carried out at the 
Technical Service Laboratories (Toronto, Canada). The elemental concentrations 
of Na, K, Ca, Mg, Sb, Ba, B, Br, C, Cr, Cu, I, Pb, Mn, Ni, Si, Sn, V, and Zn were 
determined using ICP-AES.* Those of As and Se were determined by neutron 
activation analy~is. ' . '~ Other determinations including CI -, HCO,, SO:-, electri- 
cal conductivity, total hardness, total dissolved solids and pH value were carried 
out on the same samples, but without acidification, using the procedure suggested 
by Van L00n . l~  

Fluoride and nitrate were analyzed in the laboratory of the College of 
Pharmacy, King Saud University, within 24 h after water collection. The determi- 
nation of fluoride and nitrate were made spectrophotometrically using phenoldisul- 
phonic acid and Alizarin Red-S, Zirconium oxychloride reagents, respectively. 
Nitrate was determined at 410mm and fluoride at 540mm using a Carl-Zeiss 
spectrophotometer. 

The temperature measurement of the spring water was carried out with a 
thermic probe. The value measured was about 34 "C. 

RESULTS AND DISCUSSION 

Table 2 shows the results of the chemical analysis for the Umm-Khurisan spring 
water. They are compared with the maximum permissible limits of the World 
Health Organization (W.H.O.) and National Academy of Science and National 
Academy of Engineering, NASNAE." 

The high value of T.D.S. may be caused by the high aridity of the area. The 
Umm-Khurisan spring water is almost neutral, highly conductive, and highly 
saline. The high concentrations of T.H., T.D.S., and the high value of E.C. are 
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Table 2 Chemical analyses for the Umm-Khurisan spring water 

Ion or Concentration M a x .  permissible limits 
parameter++ 

W H . 0 .  N A S N A E  

- - Na' 600 
K' 44 
Ca" 180 200 
Mg2 + I10 I50 
CI + 984 600 250 
so: - 202 400 250 
HCO; 427 
NO; 48 45 
PH 

- - 

- 

- 

- - 

- 

7.1 6.5-9.2 - 

- - T. H. (ppm) (as CaCO,) 1680 
E.C. (mhos/cm) 1735 
T.D.S. (ppm) 3060 1500 1500 

- - 

*All result\ for ions in pprn 
'*T H . 

t c .  
T D S  

above the limits recommended by the W.H.0.16 with regard to potability. The 
chloride value is higher for this water than the maximum permissible limits for 
international standards.". l 6  

Table 3 shows the concentration of trace and minor elements. Concentrations of 
I, Pb, Mn, Mo, Ni, Sn, V, Zn, Sb, As, Ba, B, Br, Cd, Cr, Co, Cu and Su are within 
the maximum permissible limits suggested by the W.H.O. However, the NO; and 
F -  values are higher for this water than the permissible limits of the W.H.0.16 
The relatively high nitrate concentrations suggest pollution from organix matter, 
such as agriculture fertilizers used near the spring, or to biological activity of 
notrogen fixation bacteria. The level of fluoride must not exceed the optimum level 
which is 0.5 - 1 ~ p m . ~ ' ~  Water containing fluorides in concentration higher than 
1.5ppm is considered to be harmful to children. The water of this spring should 
not be used for drinking purposes. 

The classification and use of this spring water can be tested by the sodium 
adsorption ratio (S.A.R.): 

N a +  S.A.R. = 

Fa+ + :Mg+ + 
where Na, Ca, and Mg represent the concentration in milliequivalent per litre.15 It 
is evident that the Umm-Khurisan spring water can be classified as a so-called 
C,-S, water, which means that it is saline water with a medium sodium hazard. 
Waters with SAR values in excess of 8 may cause a reduction in soil permeability 
by replacing the calcium ions adsorbed to the clay particles with sodium ions. The 
Umm-Khurisan water should be used only on soil of moderate to good 
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Table 3 Elemental concentration (ppm) for the water 
from the Umm-Khurisan spring 

Elemants Concentration Max. permissible limits 

WH.0 .  N A S N A E  

Antimony 50.04 - - 
Arsenic 2 0.01 0.05 0.0 1 

1 .o Barium 0.01 
Boron 0.68 
Bromide 5 0.01 - - 
Cadimum 5 0.001 0.01 0.0 1 
Chromium 5 0.003 - 0.50 
Cobalt 50.01 
Copper 50.01 - - 

Fluorine 1.60 0.8 
Iodine - 5 0.01 
Lead 0.10 0.05 0.05 
Maganese 50.003 0.50 
Molybdneum 50.10 - - 

Nickel 50.05 
Selenium 0.01 0.01 0.0 1 
Silicon 34 
Tin 0.07 
Vanadium 50.01 - - 
Zinc 0.82 I5 5 

- 
- - 

- - 

- 

- - 

- 

- - 

- - 
- - 

permeability. Regular leaching is often needed to prevent serious salinity. Plants of 
moderate to good salt tolerance should be selected in such cases. 

The rather high value of silicon ions reflects the' chemical composition of the 
aquifer rocks of the spring which belong to the Neogene formation. 

The hydrochemical composition of Umm-Khurisan spring water indicates a 
continental genesis according to the equation:" 

r(Na-CI) < 
r SO4 

Where r denotes a constant equal to 1. The ratio r(Na-Cl)/rSO, is usually higher 
than 1 for water of marine genesis. It is also of meteoric origin of deep percolating 
water according to the equation:" 

r(K+Na)-Cl< 
r SO, (3) 

This indicates that water penetrated the rocks from above and percolated deeply 
in the rock beds through their pores, fissures and fractures. The Umm-Khurisan 
spring which is one of the Hasa springs has probably its origin in a fault system 
adjacent to the Ghawar Anticline. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



UMM-KHURISAN SPRING WATER 283 

Acknowledgement 
Thanks are due to the Research Centre, College of Pharmacy, King Saud University for part of the 
analyses of water samples. 

References 
I .  Bureau de  Recherches, Geologiques of Minieres (BRGM), 1975. Hydrogeological Investigation of 

2. Bureau De Recherches Geologique and Minieres, 1977. Groundwater Resources Study and 

3. A. B. El-Khatib, 1980, Seven Green Spikes: Water and Agricultural Development, 2nd. ed. Ministry 

4. FAO/UNESOO, 1977, Crop Water Requirements, FAO, Rome, 144pp. 
5. C. Job, 1978, Hydrochemical investigations in the areas of Al Qatif and Al Hasa with some 

remarks on water samples from Wadi A1 Miyah and Wadi As Sahba near Haradh, In: Al-Sayari, S. 
S. and Zotl, J. G., eds., Quaternary-Period in Saudi Arabia: Vienna-New York, Springer-Verlag, 

6. F. J. McClure, 1982, Fluoride in drinking water. Textbook Public Health Service Publication 825, 
Washington D.C., U.S.A. 83pp. 

7. J. W. Morgan and W. D. Ehmann, 1971, 41 Mev neutron activation analysis of rocks and 
meteorites, In: Acrivation Analysis in Geochemistry and Cosmochemisrry, A. 0. Brunfelt and E. 
Steinnes, Eds., Copenhagen, Denmark, Scandinavian University Books, 468p. 

8. M. M. Moselhy, D. W. Boomer, J. N. Bishop, P. L. Diosady and A. D. Howlett, Canadian Journal 
ojSpecrroscopy 23, No. 6,  186 (1978). 

9. J. J. Murray, 1976, Fluorides in Curies Prevention (John Wiley and Sons Ltd., 1st Edition, 179pp. 

the Neogene Aquifer in the Eastern Province of Saudi Arabia, Interim Report, 27pp. 

Management Programme of Al Hasa Area, 57pp. 

of Agriculture and Water, Saudi Arabia, 362pp. 

93- 135. 

10. National Academy of Scoence and National Academy of Engineering, 1972, Water quality criteria, 
Report prepared by the Committee of Water Criteria at the request of USEPA, Washington, D.C. 
594pp. 

I I .  A. M. Ovitchinicov, 1963, Mineral Waters, Gosgeoletitzdat Moscow, 375pp. (in Russian). 
12. R. W. Powers, L. F. Ramirez, C. D. Redmond and E. L. Elberg, 1966, Geology of the Arabian 

Peninsula. Sedimentary Geology of the Arabia. U S .  Geol. Survey, Prof. Paper 560-D, New York, 

13. R. D. Reeves and R. R. Brooks, 1978, Truce Element Analysis of Geological Materials (John Wiley, 

14. J. C. Van Loon, 1982, Chemical Analysis of Inorganic Constituents of Water, CRC Press, Inc., 

15. L. V. Wilcox, 1955, Classification and use of irrigation waters, U S .  Geol. Survey, Department of 

16. World Health Organisation, 1971, International Standards for Drinking Water, 3rd edition, 

147pp. 

New York, 421pp). 

Florida, U.S.A. 3OOpp. 

Agriculture, Washington, D.C., Circular No. 969, 19pp. 

Geneva, Switzerland, 70pp. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


