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Abstract. Analyses of 25 sewage sludge samples from Riyadh region of Saudi Arabia, showed high con­
centrations of Al ,Cd,Co ,Cu ,Mn,Ni,Zn and Pb . AI was very high in the tested sites and the metal content 
of the present study were greater than the levels of these elements in some other Saudi Arabian soils. A 
total of 23 microbial isolates (19 fungi and 4 bacteria) were isolated from the tested sites. High concentra­
tions of heavy metals in the sewage sludge may lead to pollution problems due to their use as soil additive 
or land filler. 

Introduction 

The problem of disposal of sewage is considered to be one of the important problems 
that faces those who take care of the environment nowadays . This problem is becom­
ing complicated with the increasing of population and the decreasing of the used 
ways to dispose the sewage [1]. Many countries including Saudi Arabia aimed at 
using the correct ways to dispose and use the sewage [2-5]. The properties of sewage 
sludge may vary considerably with the area and treatment process, and the agricul­
tural benefits of sludge are well known, but increased levels of sludge in the soil will 
result in an increase in heavy metals [6;7] . 

The environmental pollution, especially by chemicals , is one of the most effec­
tive factors in the destruction of the biosphere components. Among all chemical con­
taminants, trace elements are believed to be of a specific ecological, biological, or 
health significance. Energy and mineral consumption by man is the main cause of 
trace element pollution in biosphere [8] . 
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The application of sewage sludge to agricultural land adjacent to sewage works 
is a well established practice. In Saudi Arabia sewage sludge has become more widely 
used on farm . The value of sewage sludge as possible sources of N, P and K was asses­
sed by different workers and attention was drawn to the possible dangers from 
accompanying heavy metals present [9]. 

Sewage provides a normal and good habit at for many microorganisms. For 
example E. coli is used as an index for fecal pollution. Sewage contains pathogenic 
and nonpathogenic microorganisms as well as a variety of other organic materials 
including food wastes and detergents [10; 11]. The present investigation aimed to iso­
late some microorganisms and to determine the heavy metal content of sludge from 
Riyadh region, Saudi Arabia . 

Materials and Methods 

Sewage sludge samples were collected in sterile 100 ml polyethylene plastic bot­
tles with screw caps from five sites of Riyadh region, according to the method 
described by Black et al. [12]. Five samples of the disposed of sewage sludge from 
each site were collected. Five replicates of each sample were taken for microbial and 
mineral analyses. 

Microbial isolation 

The soil dilution plate method was used for microbial isolation [13] . Czapek's 
agar and nutrient agar media, were used for fungal and bacterial isolation, respec­
tively. The dishes were incubated at 30°C for 5 days for bacterial isolation and at 27°C 
for one week for fungal isolation. Fungal and bacterial genera and species were iden­
tified [14-20]. 

Metal analysis 

Dried sewage sludge (20 g) was ground for 90 minutes in mechanical agate mor­
ter. Samples were digested in concentrated analar grade nitric acid to obtain a meas­
ure of total metal content of AI,Cd,Co,Cu,Mn,Ni,Pb and Zn. The procedure was as 
follows; 05 g of air dried sludge was placed in a 100 ml beaker with 15 ml concentrated 
nitric acid, covered with a watch-glass and heated at 100°C for 15 minutes. After 
digestion, the digest were made up to 50 ml dionised water and analysed using 
absorption flame spectrophotometer (Pye Unicam Sp9 equipped with Sp9 com­
puter) [21]. 
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Table I. Genera and species of microorganisms isolated from sewage sludge 

Sites Frequency % 

General and Species 

2 3 4 S 

Allemara allerlUJla + + + + 80 

Aspergillus flavus + + + + 80 

Aspergillus niger + + + + + HlO 

Cephalosporium sp . + + 40 

Chrysosporium sp. + 20 

Cladosporium herbarum + + + 60 

Coniolhyrium sp. + + 40 

Epicoccum sp. + + 40 

Fusarium oxysporum + + + 60 

Gliocladium sp. + + 40 

Mucorsp. + + 40 

Nigrospora sp . + + 40 

Paecilomyces sp. + 20 

Penicillium chrysngenum + + + + + 100 

Penicillium cilrinum + + + + + 100 

Peslalolia sp. + + 40 

Trichocladium sp. + + 40 

Trichoderma sp . + + 40 

Ulocladium alrum + + + + + 100 

Bacillus sp . + + + + 80 

Escherichia coli + + + + + 100 

Pseudomonas sp . + + + + 80 

Slaphylococcus sp . + + 40 

Results and Discussion 

Nineteen fungal and 4 bacterial isolates were isolated (Table 1). Aspergillus 
niger, Penicillium chrysogenum, Penicillium notatum, Ulocladium atrum and 
Escherichia coli were the dominating microorganisms in the sewage sludge from the 
tested sites . Alternaria alternata, Aspergillus flavus , Bacillus sp . and Pseudomonas 
sp. were with 80% frequency. The fungal species, Cladosporium herbarium, and 
Fusarium oxysporum showed frequency of 60%, while Cephalosporium sp., 
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Chrysosporium Sp., Coniothyrium Sp., Epicoccum Sp., Gliodcladium sp., Mucor sp., 
Nigrospora sp., Paecilomyces sp. , Pestalotia sp., Trichocladium sp., Trichoderma sp. 
and Staphylococcus sp. were with frequency less than 60%. 

A. alternata, A. flavus, A . niger, C. herbarum, F. oxysporum, P. chrysogenum, 
P. notatum and U. atrum were isolated earlier from Saudi Arabian soils [22]. 

Bacillus sp ., E. coli, Pseudomonas sp. and Staphylococcus sp. were isolated 
from Saudi Arabian soil [23]. They also were isolated from sewage and waste water 
in different places of the world [13;24]. 

The saprophytic fungi obtained from sewage sludge, Athens, U.S.A . were 
Cephalosporium sp., Chrysosporium sp., Coniothyrium sp. , Epicoccum sp. , Glioc­
ladium sp. , Nigrospora sp. and Pestalolia sp. [25]. 

Table 2. Total metal content (,.,.g/g) of sewage sludge (n =5, ± standard deviation) 

Sites n=5 

MetaJ 

2 3 4 5 

AI 359 ± 5.0 388 ± 6.1 365 ± 5.0 373 ± 5.0 378 ± 6.5 

Cd 42 ± 1.1 36 ± 1.6 41 ± 1.5 39 ± 1.0 45 ± 1.3 

Co 39 ± 1.1 40 ± 1.5 36 ± 2.1 35 ± 2 .0 38± 1.6 

Cu 45 ± 1.3 40 ± 2 .1 39 ± 1.5 46 ± 1.8 41 ± 2.6 

Mn 37 ± 1.0 35 ± 1.3 36 ± 1.5 36 ± 1.2 38 ± 1.1 

Ni 31 ± 1.3 36 ± 1.5 33 ± 2.1 35 ± 1.0 39 ± J.1 

Zn 53 ± 2.1 48 ± 1.6 46 ± 2.1 52 ± 1.9 48 ± 1.8 

Pb 30 ± 1.1 29 ± 1.0 26 ± 1.1 28 ± 1.0 31 ± 1.2 

The sludges of the five sites differ slightly in their mineral composition (Table 2). 
The estimated concentrations of the minerals recorded here were found to be higher 
than that reported in some Saudi Arabian soils [26;27]. 

As a result of field experiment carried out in the United States, it was reported 
that the considerable amounts of Co,Cu and Zn that most sludge contain could in 

acid soils to be toxic to plants [11]. 

Microbial transformation and assimilation of heavy metals are well known 

[28;29]. 
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Microbial growth on high metal concentrations, resulted in soil contamination 
with heavy metals, it can be said that the use of such materials as fertilizers is not 
without serious hazards particularly when used at heavy rates of application over a 
number of years and it is advisable that the composition of individual sludge lots 
should be assessed before their use as soil fertilizer. 

Conclusion 

Sewage sludge generally contains relatively large amounts of heavy metals. The 
application of sewage sludge to agricultural lands will result in high content of heavy 
metals which un-doubtly will affect the soil properties and plant growth . Sewage 
sludge disposal has become a major public health and ecological problem. 

References 

[I] Dean. R.B. and Lund, E. Water reuse, problems and solution. London: Academic Press, 1981. 

[2] Klein, L.A.; Lang, N.; Nash, N. and Kirschner, J. "Water Pollution." Pollution Control, 46, (1974), 
2653-2662. 

[3] Kaplovsky, A.J. and Genelelli , E. Land Disposal of Municipal Effluents and Sludges. New Jersey: 
Rutger University Press, 1973 . 

(4) Copper, P.F.: Drew, E.A.; Bailey, D.A. and Thomas, E. V. "Recent Advances in Sewage Effluent 
Denitrification." Water Pollution Control, 5, (1977), 287-300. 

[5] Peterson, J.R . ; Lue-Hing, c., and Zenz, D .R. "Chemical and Biological Quality of Municipal 
Sludge." In: Recycling Treated Municipal Wastewater and Sludge Through Forest and Cropland." 
(W. Sopper and L. Kardos, Eds.) University Park: Pa. Stale Univ. Press, 1973. 

(6) King. L.D. and Morris, H.D. "Land Disposal of Liquid Sewage Sludge: II. The Effect on Soil pH, 
Manganese, Zinc and Growth and Chemical Composition of Rye (Secale cereale L.)" Journal of 
Environmental Quality, 1, NO.4 (1972), 425-429. 

[7] Berrow, M.L. and Webber, J, "Trace Elements in Sewage Sludge ," Journal of Food and Agriculture, 
23 (1972), 93-100, 

[8] Kabata-Pendias, A,K, and Pendias, H, Trace Elements in Soils and Plants, Boca Raton, Florida : 
CRC Press, 1985, 

[9] Lunt, H.H, "The Case of Sludge as a Soil Improver." Water Sewage Worker, 100, (1953), 295-301. 

(10] Nelson, L.N, Industrial Water Pollution, Origins, Characteristics, and Treatment, London: Addison­
Wesley Publishing Company, 1978, 

[II] Singh, A, and Mcfetters, G, "Detection Methods for Waterborne Pathogens." Environmental 
Microbiology, 6, (1992), 125-156. 

(12] Black, C,A.; Evans, D,D.; White, S.L.; Ensminger , L.E , and Clark, F,E, Method of Soil Analysis, 
Part (I), Madison : American Society of Agronomy, 1965, 

[13] Johnson , L.F,; Curl, E,A,; Bond, J.H, and Fribourg, H,A, Methods for Studying Soil Microflora -
Plant Disease Relationship, Minneapolis: Burgess Publication Company, 1959. 

(14) Raper, K.B, and Fennell, D.I. The genus Aspergillus, Baltimore: Williams and Wilkins, 1985. 

[15] Zycha, H. and Siepmann, R, Mucorales, Germany: Verlag Von J, Cramer, 1989, 

[16] Booth, C. The Genus Fusarium, Kew, Surrey, England: Commonwealth Mycological Institute, 
1971. 



212 A.R. Hashem 

(17] Ellis, M.B. Dematiaceous Hypomycetes. Kew, Surrey, England: Commenwealth Mycological Insti­
tute, 1971. 

[18) Barnett, H. and Hunter , B. Illustrated Genera of Imperfect Fungi. Minneapolis: Burgess Publishing 
Company, 1972. 

(19] Ramirez, C. Manual and Atlas of Penicilla. Amesterdam: Elsevier Biomedical Press, 1982. 

(20] Bauchnan, R.F. and Gibbons, N.E. Bergey's Manual of Determination Bacteriology, 8th ed. Balti­
more: William and Wilkins Co., 1974. 

[21] Hashem, A.R. "Soil Analysis and Mycoflora of the Industrial Yanbu city, Saudi Arabia." Arab Gulf 
Journal of Scientific Research, 11, No.1 (1993),91-103. 

(22] Ali, M.L. "On the Fungal Flora of Saudi Arabia. I. Wadi Hanifa." Bulletin of the Faculty of Science, 
Riyadh University, 8, (1977),7-20. 

(23J Abdel-Monem, M.H. and Aly, A. "Existence of Soil Microflora Producing Amylases and Proteases 
in Eastern Region of Saudi Arabia." Arab Gulf Journal of Scientific Research, 8, NO.3 (1990),121-
135. 

[24) Schroeder, E .D. Water and Wastewater Treatment. New York: McGraw-Hili, 1977. 

[25) Berry, C.R. and Marx, D .H. "Sewage Sludge and Pisolithus Tinctorius . Their Effect on Growth of 
Pine Seedlings." Forest Science, 22, NO.3 (1976), 351-358. 

(26] Hashem, A.R. "Analysis of Water and Soils from Ashafa, Toroba, Wahat and Wehait." Journal of 
King Saud University, 2, Seience, No.1 (1990), 87-94. 

[27] Hashem, A.R. "Heavy Metals Analysis of Water and Soils from Saudi Arabia. " Journal of King 
Saud University, Science, 5, No.1 (1993),39-46. 

[28] Gadd, G.M. and Griffiths, A.J. "Microorganisms and Heavy Metal Toxicity." Microbial Ecology, 
4, (1978), 303-317. 

[29] Trevors, J .T.; Strattons, G.W. and Gadd, G.M. "Cadmium Transport Resistance, and Toxicity on 
Bacteria, Algae, and Fungi." Canadian Journal of Microbiology, 32 , (1986), 447-464. 



Microbial and Heavy Metals Analyses of Sewage Sludge 

~lA ~J '-;"'lA}l-¥ 

, r t IJ IJ ":-" . ...,.., '.)r-- ~I 4A..~ 'iyLJl .i.)S ,~.JJI ~L;,.>- y& u~1 ~ 

~¥-,I ~.r1' &..11 , I I t IJ I ~~.)I 

213 

v-"~)I"-4.k.:.l ~I w~I.:.>~ j-" ~ ("0) uW .i.....1).u1 .i,.. J ~ .~I ~ 
i.,;..-.,J'YI j-" JS01)..w1 lA~ J ~ ~I .i.....1)..D1 .i,.. <tl;:; ~\ ..l..i) '~)r-ll ~.rll w.J.~ 
.:.> LA1J. I)..w 1 -s.,.:>J 1 ,J! \2 'if L.,.. )G ~) lJ-1) ~ I) ~ '-' U"" l>...:J '-' ..:J~y5J I) i.>~) \5J '-' 

. ~)r-ll ~.rll w.J.1 J ~.;JI .:.>~ ~ I)..wl -S.,.:>JI J~ .i.....1)..D1 .i,.. J ~I w ~I 

.:.>~y1AJ1 j-" ~y) ~ ? ~ d ~I .:.>~I J ~ ..w ~)>>I j:J~ "-:-J~ lo\ 

. L.fll j-" U"" l.o:-l t ~ I) 
.r"'LJI j-" ~~ ..;:51; j&-~I w ~I .:.>~ <1,:;>-1 .j\ .i.....1)..D1 .i,.. <tl;:; ~)\ ..l..i) 
cit..,,;~ )lc-5 ~I w ~I .:.>~ il...G...:..... 'i ~ ~.J:l1 .:.>')$...:;.." .)~j j&-~ ~) ¢..wl 

. ~.;JI J! 




