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Abstract. Soil and water samples from Ashafa, Toraba, Wahat and Wehait (Saudi Arabia) were collected
and analysed chemically for their macro- and micro-elements. Water samples from these places closely
resemble each other in the concentrations of aluminium, bromide, calcium, chloride, copper, fluoride,
iron, magnesium and zinc, while soil samples differ slightly.

Introduction

The ecology of a site is influenced markedly by its soil, which differs in its constituent
from place to place [1]. Although this variation occurs naturally, non-natural means,
such as burning coal, oil, wood and urban wastes also cause variation in the mineral
constituents of soil [2,3]. Pollution by heavy metals also occurs due to industrial
wastes, application of fertilizers and fungicides, corrosion of sheeting, wires, pipes
and other equipments [2,4,5]. A high quantity of heavy metals in soil and water is
reported to have toxic effects on both plants and animals [6,7,8]. In Australia 30,000
hectares of agricultural land, which had been in use for apple and pear cultivation,
were banned due to contamination by high quantities of As, Cu and Pb [4].

The present study was planned to establish the macro- and micro-nutrient con-
stituents of the soil and water of Ashafa, Toraba, Wahat and Wehait. The water of
these places is brought to several millions pilgrims, who gather each year in the city
of Holy Makkah to perform Haj.
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Materials and Methods

A. Water analysis

The methods for sampling water were similar to those described by SASO [9].
Samples of water from the different wells of Ashafa, Toraba, Wahat and Wehait
(Fig. 1) were collected in 100-ml polyethylene plastic bottles with screw caps. These
bottles were washed thoroughly with distilled water and dried prior to collection of
samples. The procedures for mineral analysis of water were the same as described for
soil analysis later. Five samples of water from each place and five replicates of each
water sample were taken for mineral analysis. The samples were kept in the
refrigerator at 5°C on arrival in the laboratory until further analysis.
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Fig. 1. Map showing the sites at which the samples were taken
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B. Soil analysis

Soil samples were collected from an exposed soil surface. In each case the soil
was scraped [1-5 cm depth) into a plastic bag using a stainless steel spoon. On arrival
in the laboratory all samples were passed through a 2.0 mm sieve and were digested
in concentrated analar nitric acid to obtain a measure of total metal content. The pro-
cedure was as follows: 0.5 g of air dried soil was placed in a 100-ml beaker with 15 ml
concentrated nitric acid, covered with a watch-glass and heated at 95-100°C for 15
min. After digestion, the digest were made up to 50 ml with deionised water and
analysed using an atomic absorption spectrophotometer Perkin-Elmer Model 3030
[10,11], for determining Al, Br, Cu, Fe and Zn. Chloride was determined by the
silver nitrate method [12]. Calcium and Mg were determined by atomic absorption
flame spectrophotometer (Pye Unicam sp9 equipped with sp9 computer). Fluoride
was determined by Orion research ion analyser (01A digital pH/mv meter). Five soil
samples were collected from each place and five replicates of each sample were used
for mineral analysis.

Results

The results of water analysis are summarized in Table 1. The water from Ashafa,
Toraba, Wahat and Wehait resemble each other quite closely in their mineral com-
position. The results of soil analysis are summarized in Table 2. The soils from the
four places differ slightly in their composition. Soil from Wahat contained the highest
amount of Al, followed by Toraba. Toraba soil was found to be richer in Ca content,
while soil of Wheat contained more Cu, Mg, Zn and Fe.

Discussion

The presence of Al in trace amount in all samples resembles the findings of
Mengel and Kirkby [13]. The concentrations of Ca and Fe in the water were below
the upper limits of Saudi Arabian Standard Organization (SASO) recommendations
[9] and International Standard (IS) [14] for drinking water. The concentrations of
C1-, Cu, F-, Mg and Zn were less than optimum concentrations recommended by
SASO [9] and IS [14], Table 3.

Calcium is a necessary element for the growth of humans, animals and plants
[15,16,17] while CI" is a mobile element and easily lost by leaching under freely
drained conditions [13], but a high concentration of F~ becomes toxic [18].

The concentrations of Al found in this study were similar to earlier findings
[19,20]. The concentrations of Br~ is less than reported earlier [21,22].



90

A.R. Hashem

Table 1. Mineral content (mg L") of water samples (n = 5) from different sources (£ standard deviation).

Element Ashafa Toraba Wahat Wehait
Aluminium 0.03 +£0.01 0.06 £0.02 0.08 +0.02 0.05+0.01
Bromide 0.11+0.04 0.23+0.01 0.28 +£0.01 0.15+0.01
Calcium 63.68 +2.06 67.45+3.6 57.65+2.6 48.85+3.6
Chloride 18.06 +1.8 15.53+2.01 16.97 +1.3 15.81+1.3
Copper 0.01 + 0.004 0.04 £0.01 0.02 +0.01 0.01 £ 0.005
Fluoride 0.65+0.01 0.60 +0.02 1.19+0.8 0.26 £ 0.006
Iron 0.06 £ 0.002 0.31+£0.03 0.23 £0.05 0.38 +0.04
Magnesium 14.01+1.6 13.85+2.6 13.65+2.5 11.15+1.99
Zinc 0.11+0.01 0.15+0.09 0.13£0.01 0.10£0.01

Table 2. Mineral content (ug g~ ) of soil samples (n = 5) from different sources (+ standard deviation).

Element Ashafa Toraba Wahat Wehait

Aluminium 100 £1.69 200 +£1.52 230 £2.5 150 £2.64
Bromide 0.25+0.03 0.10£0.01 0.16 = 0.02 0.30 £0.01
Calcium 3510+5.0 3800 +5.50 3000 + 3.86 3200+ 4.83
Chloride 0.11£0.03 0.076 £ 0.02 0.17 +£0.02 0.22+0.01
Copper 12.3+1.22 11.7+£3.11 5.8 +£0.62 21.7 £2.62
Fluoride 0.20£0.01 0.13+0.02 0.25+0.04 0.17 £ 0.02
Iron 28 +1.02 35+2.61 43 +2.62 45+3.16
Magnesium 2060 +5.63 2330+ 4.81 2389 +3.98 3361 = 4.06
Zinc 9.2 +£1.26 6.8 +£2.21 8+1.65 10.4 +2.31
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Table 3. Limits of mineral concentration of unbottled drinking water. (According to Saudi Arabian and
International Standards of drinking water).

Element Optimum (mg L") Maximum (mg L"1)
Calcium (as Ca) 75 200

Chloride (as Cl) 200 600

Copper (as Cu) 0.05 1.5

Fluoride 0.6 2

Iron 0.1 1.0

Magnesium *Not more than 30 mg L1 if 150

there is 250 mg L"! sulphate; if
there is less sulphate, magne-
sium up to 150 mg L"! may

be allowed.

Zinc (as Zn) 5 15

Soil analysed for Cl showed low CI” contents and this may be because CI- in soil
is not absorbed by minerals and ions of the most mobile elements are lost easily by
leaching [13,23]. The concentrations of Cu in the above soil resemble earlier findings
[24,25]. Soil analysed for F~ contained low F~ content; the low concentration of F~ in
the soil might be due to the alkaline pH of soil [26,27], although the average concen-
tration of F~in soil is in between 20-360 ug g™! [28,29,30]. According to Mengel and
Kirkby [13], Fe~ makes up about 5% by weight of the earth’s crust and is invariably
present in all soils, typical soils have levels ranging from 30 to 550 ug g”, whereas very
acidic soils can exceed 2000 ug g!. Concentration of Fe™ in soils analysed in the pre-
sent study ranged from 28 to 43 ug g™!. The Mg content of most soils generally lies in
the range between 0.05% for sandy soils and 0.5% for clay soils [13]. According to
Mengel et al. [31], Mg** in soils is present in fairly high concentrations and often
between 170-400 g g™ although the levels can vary considerably and values between
17-13000 ug g™! have been reported. Magnesium content in all sources was present
in relatively high amounts.

The mean Zn content in surface soils of different countries ranges from 17 to 125
rg g [32,33,34,35,36], but Zn content in the present study ranged from 6.0 to 10 ng
g

References

[1] Kabata-Pendias, A. and Pendias, H. Trace Elements in Soils and Plants. U.S.A.: CRC Press, Inc.
1985.



92 A.R. Hashem

[2] Swaine, D.J. “The Trace Element Content of Soils.” Soils Tech. Commun. No. 52 (1962).

[3] Page, A.L. “Fate and Effect of Trace Element in Sewage when Applied to Agricultural Lands.” U.S.
Environmental Protection Agency, EPA-67012-774-005, Cincinhati, Ohio (1974).

[4] Merry, R.H. “The Accumulation of Copper, Lead and Arsenic in Orchard Soils and its Effects on
Plants.” M.A.G. Sc. Thesis, University of Adelaide (1980).

[S] Hughes, M.K., Lepp, N.-W. and Phipps, A.D. “Aerial Heavy Metal Pollution and Terrestrial
Ecosystems. Ecol. Res., 11, (1980), 217.

[6] Allaway, W.H. “Trace Element Cycling.” Adv. Agron., 20 (1968), 235-274.
[7] Dalgrano, A. “Heavy Metals in Soils and Water.” Econ. Geol., 74 (1970), 680-685.

[8] Underwood, E.J. “Trace Element in Human and Animal Nutrition.” New York: Academic Press,
1971.

[9] Saudi Arabian Standard Organization. Methods of test for drinking and mineral water, 407 (1984).

[10] A.O.A.C. Official method of analysis. 12th ed. Association of Official Analytical Chemists.
Washington, D.C., 1975.

[11] Hashem, A.R. “The Role of Mycorrhizas in the Resistance of Plants to Metals.” Ph. Thesis, Univer-
sity of Sheffield, England (1978).

[12] Jackson, R.K. and Brown, J.C.A. “Note on the Potentiometric Determination of Chloride.” Proc.
Amer. Soc. Hort. Sci., 65 (1965), 187.

[13] Mengel, K. and Kirby, E. Principles of Plant Nutrition. Bern, Switzerland: International Potash
Institute, 1982.

[14] International Standard for Drinking Water. 3rd ed. W.H.O. Geneva (1971).

[15] Van Stevenick, R.F.M. “The Significance of Calcium on the Apparent Permeability of Cell Mem-
branes and the Effect of Substitution with Other Divalent Ions.” Plant Physiol., 18 (1965), 24069.

[16] Dickinson, D.B. “Permeability and Respiratory Properties of Germinating Pollen.” Plant Physiol.,
20 (1967), 118-127.

[17] Burnstorm, H.G. “Calcium and Plant Growth.” Biol. Rev., 43 (1968), 287-316.

[18] Miller, J.E. and Miller, G.W. “Effects of Fluoride on Mitochondrial Activity in Higher Plants.”
Plant Physiol., 32 (1974), 115-121.

[19] Bradford, G.R., Bair, F.L. and Hunsaker, V. “Trace and Major Elements of Soil Saturation
Extract.” Soil Sci., 112 (1971), 225.

[20] Gough, L.P., Shacklette, H.T., and Case, A.A. “Element Concentrations Toxic to Plant, Animal
and Man. U.S. Geol. Surv. Bull., 1466 (1979).

[21] Alikhanova, O.J., Zyrianova, A.N. and Cherbar, V.V. “Minor Elements in Soils of Some Regions
in the Western Pamirs.” Pochvovedine, Ru., 11 (1977), 54.

[22] Shukla, U.C. and Yadav, O.O. “Effect of Phosphorus and Zinc on Nodulation and Nitrogen Fixa-
tion in Chickpea (Cicer arietinum L.). In Abstracts 12th Int. Soil Sci. Congr. New Delhi, 54 (1982).

[23] James, D.W., Weaver, W.H. and Reeder, R.L. “Chloride Uptake by Potatoes and the Effects of
Potassium, Chloride, Nitrogen and Phosphorus on Fertilization. Soil Sci., 109 (1970), 48052.

[24] Frank, R., Ishida, K.I. and Suda, P. “Metals in Agricultural Soils of Ontario. Can. J. Soil. Sci., 56
(1976), 181.

[25] Mockizuki, T., Chiba, S., Hanada, S. and Saitoh, H. Nippon Dojo-Hiryogaku Zaschi, 64, (1975), 45.

[26] Venkateswarlu, P., Armstrong, W.D. and Singer, L. “Absorption of Fluoride and Chloride by Bar-
ley Roots.” Plant Physiol., 40 (1965), 255-261.

[27] Hurk-Karred, A.M. “Comparative Fluoride Uptake by Plants in Limed and Unlimed Soil.” Soil Sci.,
70 (1950). 153-159.



Analysis of Water and Soils from Ashafa, Toraba, Wahat and Wehait 93

[28] Piotrowska, M. and Wiacek, K. “Fluorine Content in some Polish Soils.” Rocz. Nauk Roln., 101a,
93(Po.) (1975).

[29] Bieliyakova, T.M. “Fluorine in Soils and Plants as Related to Endemic Fluorosis.” Pochvovednie, 8
(1977), 55, (in Russian).

[30] Ure, A.M. and Bacon, J.R. “Comprehensive Analysis of Soils and Rocks by Spark-source Mass
Spectrometry. Analyst., 103 (1978), 807.

[31] Mengel, K.H., Grime, H., and Nemeth, K. “Potentielle and Effektive Verfugbarkeit von Pflanzen-
nahrstoffen in Boden.” Landw. Forsch., 2311 (1966), 79-91.

[32] Tiller, J.G. “Weathering and Soil Formation on the Dolerite in Tasmania, with Particular Reference
to Several Trace Elements.” Aust. J. Soil Res., 1 (1963), 74.

[33] Whitton, J.S. and Wells, N. “A Pedochemical Survey. II. Zinc.” N.Z. J. Sci., 17 (1974), 351.

[34] Erdman, J.A., Shucklette, H.T. and Keith, J.R. “Elemental Composition of Selected Native Plants
and Associated Soils from major Vegetative Type Areas in Missouri.” U.S. Geol. Surv., Prof. Pap.,
545C, 30 (1976a), 954 D, 23 (1976b).

[35] Tyler, G. “Leaching of Elements From the A-horizon of a Spruce Forest Soil.” Water Air Soil Pollu-
tion, 15 (1981), 535.

[36] Shacklette, H.T. and Boerngen, J.G. “Element Concentrations in Soils and other Surficial Materials
of the Conterminous United States.” U.S. Geol. Surv. Prof. Ppap., 1270 (1984).



94 A.R. Hashem

Sanglly laagll (5 Lt e e S0 %y ol
e ) Slagliae
cIrge) ol crioo o o capma Al dnalr ¢ pledl LUS (I ps
Dagmed! gl 2Ll
(Vs Y1 TP Gl S eV €A Cmy VA G i)

z\ﬁjad\ Ml)h@jjbhy\ (g ‘Lé.:Jl-?\ik;aO“ub;ﬂ\waLgpw L Eoed .‘d.da'nlc
:L_u.b.U J..pL.a.“u.aauJ‘_S}I.xU J.:.LE:J C;.Ua-j (:\.p)MJ|

Aol paed W il GBULL ot (§ bz el Gaall (g ydl OF ol il g
G LA Gaall (g gl o Uneo )l gl dpddly sl ol g ) 1 s
coerdl el e iz dalll UL



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



