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Abstract. Metal concentration of sewage sludge samples from the industrial city, Vanbu, Saudi Arabia were 
analyzed for cadmium. cobalt, copper. iron, manganese, nickel, lead and zinc respectively. All the samples 
collected from different sites in Vanbu city contain similar amount of metal concentrations and below the 
standards. Cadmium is very high in the tested sites. The study suggests that the use of sewage sludge as soil 
additive may give rise to pollution problems. 

Introduction 

Domestic sewage consists of household wastes, colloidal and dissolved materialS, 
antiseptic detergents, pesticides, and other chemicals. Industrialization has created 
unique sewage disposal problems. Some industries produce very acidic waste materials, 
others produce alkaline wastes, and some contribute heavy metals, such as cadmium, 
copper, lead and zinc. Sewage disposal is one of the most important environment 
challenges in many areas of the world and being particularly difficult in areas where 
rapid industrial development is taking place. The heavy metal content of sludges from 
various countries has been published, particularly from Sweden, Great Britain, and The 
United States [1, pp. 39-47, 2, pp. 40-86 and 3, pp. 551-581). Metals are recognized to 
have specific ecological, biological, and health effects. The application of sewage sludge 
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to agricultural land adjacent to sewage works is well established practice. In Saudi 
Arabia use of treated sewage sludge in the fanns has become common. The value of 
sewage sludge as a source of macro nutrients was assessed by several workers [4, 5, pp. 
183-189, 6,7 and 8]. and attention was drawn to the possible dangers from heavy metals 
present. Field experiments from other areas of the world reported high concentrations of 
heavy metals in applied sewage sludge [9-12]. 

The regulation do not allow land spreading of wastes with greater than the 
following concentration of metals: Cd 85 ug/g, Cu 4300 ug/g, Ni 420 ug/g, pb 840 ug/g, 
Zn 7500 ug/g (Federal Reg. 58 (32): 9248-9380 and 40 (FR p~ 257, 403 and 503). It 
is clear from the· present investigation, that only problem metal is cadmium. Sewage 
sludge treatments should done to protect the soils, crops and those who eat the crops 
from cadmium poisoning. 

The present investigation determined the metal content of sewage sludge from the 
industrial city Yanbu to evaluate the risks of using the sewage sludge on agricultural 
lands. 

Materials and Methods 

Yanbu city is located about 350 km north ofJeddah at Red Sea Coast of Saudi 
Arabia; and is the comer stone of Saudi Arabia industrial development. 

Raw sewage sludge samples were collected in sterile polyethylene bags from four 
applied sludge sites from Yanbu. Five subsamples from each site were taken and 
combined for chemical analysis. The samples were taken from domestic sources mixed 
with industrial waste at the depth of 0-30 cm. The pH of the samples recorded 
immediately (PH 6.5). Oven dried sewage sludge (20 g) was ground for 90 min. in a 
mechanical agate mortar. 

The procedure was as follow: one-half grams 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 90-100 ·C for 30 min. After digestion, sample solutions were made up to 50 ml 
with deionized water and analyzed for Cd, Co, Cu, Fe, Mn, Ni, Pb and Zn using an 
atomic absorption spectrophotometer [13]. The acid extracted metal composition of 20 
sewage sludge samples from 4 sites in the industrial city, Yanbu, Saudi Arabia, varied 
slightly (Table). 
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Table. Average acid extracted metal concentration in uglg of 8 metals in 20 sewage sludge samples from 
the Industrial Yanbu ctiy, Saudi Arabia (n = 5, ± standard deviation) 

Metal Sites 

1 2 3 4 

Cd 63 ± 0.9 49 ± 1.6 52 ± 1.1 57 ± 1.1 

Co 80 ± 1.1 73 ± 1.1 83 ± 1.6 71 ± 1.8 

Cu 882 ± 2.1 867 ± 2.1 873 ± 2.6 870 ± 2.9 

Fe 1800 ± 3.4 1763 ± 3.9 1903 ± 3.9 1729 ± 3.9 

Mn 103 ± 1.6 98 ± 1.3 99 ± 1.9 117 ± 2.1 

Ni 385 ± 1.6 387 ± 1.2 390 ± 1.1 383 ± 1.8 

Ph 189 ± 2.8 181 ± 1.3 183 ± 1.1 188 ± 1.2 

Zn 741 ± 2.1 703 ± 2.6 789 ± 2.1 795 ± 2.1 

Results and Discussion 

The concentrations of Cd, Co, Fe, Mn, Ni, Ph and Zn were higher than earlier 
[mdings in some Saudi Arabian soils [14,15]. 

Jenkins and Cooper (1964) reported in England that acid digested sewage sludge 
contained 3730, 860, 6000 and 34300 ug/g ofCu, Ni, Zn and Fe, respectively. Berrow 
and Webber [4] stated that sewage sludges contained 1500, 260, 2500 and 3000 ug/g of 
Cd, Co, Mn and Pb respectively. Values determined in the present study, may be due to 
a lasser contamination of metals in the areas studied in Saudi Arabia as compared to 
areas studied in England which has a greater number of industries [9-12]. 

The high concentrations of metals in sewage sludge from land application [16, 17 
and 18, pp. 129-143] could result in long term phytotoxic effects and food chain 
contamination. 

As a result of field experiments carried out in the United States, Lunt [16] reported 
that the high level of Zn, Cu and Pb that most sludges contain could be toxic to plants in 
acid soils. Arnet [19] using evidence from pot experiments, concluded that such 
elements as Pb, Cd, Cu and Zn in sludges were only slightly available to crops, but 
suggested that they might accumulate in the soil. 
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Le Riche [20] reported th8t crops showed increased uptake of Cu, Ni and Zn, 
emphazing the danger of these metals accumulating in soils following the repeated 
application of sewage sludge. The value of sewage sludge and similar materials as 
possible sources ofN, P and K was assessed by field experimentation [2, pp. 40-86] and 
attention was drawn to the possible danger from metals sometimes present [21,22]. The 
concentration of Cd, Co, Cu, Mn, Ni, Pb and Zn in the present study were higher than 
earlier fmding in some Saudi Arabian sludges [23]. 

Yanbu's industrial area accommodates several large refming and petrochemical 
plants, as well as abroad range of other manufacturing and support operations. The 
generally higher levels of cadmium [15, 16, 17, 18, pp. 129-143, 19,20,21,22,23] 
could be related to an increase of particular industries in the industrial city of Yanbu, 
Saudi Arabia. 

In summary, the fact that the heavy metal contents are well below the standards 
and may make hazard. for long run application as soil additives and probably build up 
potential hazards. 

Acknowledgment I wish to acknowledge Professor M.F. Allen, who read the paper and 
also facilitated his laboratory during my sabbatical leave in San Diego State Uuiversity 
(1993-1994). 

Referenees 

[I] Dean, R.B. and Smith, J.E. " The Properties of Sludges." In: Recycling Municipal Sludges and 
Emuent on Lands. Washington, D.C.: National Association of State Universities and Land-Grant 
Colleges, 1973 .. 

[2] Kaplovsky, A.J. and Genetelli, E. "Land Disposal of Municipal Emuent and Sludges." New Jersey: 
Rutger University Press, 1973. 

[3] Lue-Hing, C., Lyman, B.T., Peterson, J.R. and Gshwind, J.R. "Chicago Prairie Plant - A Report on 
Eight Years of Municipal Sewage Sludge Utilization." In: Lands as a Waste Management Alternative 
(Ed. Loehr, R.c.). Ann Arbor, MI: Ann Arbor Sci., 1977. 

[4] Berrow, M.C. and Webber, J. "Trace Elements in Sewage Sludges." J. Sci. Fd. Agric., 23 (1972), 93-
10. 

[5] Blakeslee, P.A. "Monitoring Considerations for Municipal Wastemater Emuent and Sludge 
Application to the Land. In: Recycling Municipal Sludges and Emuent on Lands." Washington, D.C.: 
National Association of State Universities and Lands.{Jrant Colleges, 1973. 

[6] Page, A.D. "Fate and EITects of Trace Elements in Sewage Sludge when Applied to Agricultural 
Lands." A Literature Review Study. National Environmental Research Center, USEDA Report 670/2 
(1974), 74-005. 

[7] Sommers, L.E. Nelson, D.W., and Yost, K.J. "Variable Nature of Chemical Composition of Sewage 
Sudges." J. Environ. Qual., 5 (1976),303-306. 

[8] Williams, D.E., Viamis, J., Pukite, A.H. and Corey, J.E. "Trace Element Accumulation, Movement and 
Distribution in the Soil Profile !Tom Amssive Applications of Sewage Sludge." Soil Science 129 
(1979),119-132. 



Metal Pollution of Sewage Sludge from ... 5 

[9] Jenkins, S.H. and Cooper, J.S. "The Solubility of Heavy Metal Hydroxides in Water, Sewage and 
Sewage Sudges." II. The Solubility of Heavy Metals Present in Digested Sewage Sludge.lnl. J. Air 
Wal. Poll. 8 (1964), 695-703. 

[10] King, L.D. and Monis, 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.)." J. Environ. 
Quality. I (1972),425-429. 

[II] Linnman, L., Anderson, A., Nilsson, K., Lind, B., Kjellstrom. T. and Friberg, L. Trace Elements in 
Sewage Sludge." Arch. Environ. Health, 27 (1973), 45-47. 

[12] Vlamis, J., Williams, D.E., Corey, J.E., Page, A.L. and Ganje, TJ. " Zinc and Cadmium Utake by 
Barley in Field Plots Fertilized Seven Years with Urban and Suburban Sludge." Soil Science, I3 
(1985),81-87. 

[13] Hashem, A.R. "Analysis of Water and Soils from Ashafa, Toroba, Wahat and Wehait." J. King Saud 
University Sci .• 2 (1990), 87-94. 

[14] Hashem, A.R. "Heavy Metals Analysis of Water and Soils from Saudi Arabia." J. King Saud 
University. Sci .• 5 (1993), 39-46. 

[15] Hashem, A.R. "Soil Analysis and Mycoflom of the Industrial Yanbu City, Saudi Ambia." Arab Gulf J. 
Scient. Res .• 11 (1993),91-103. 

[16) Lunt, H.H. "The Case of Sludge as a Soil Improver." Water Sewage Worker. 100 (1953), 295-301. 
[17] Webber, J. "Effects of Toxic Metals in Sewage on Crops." Waler Pollution Control. 71 (1972),404-413. 
[18] Chaney, R.L. "Crop and Food Effects of Toxic Elements in Sludges and Effluent." In: Recycling 

Municipal Sudges and EfJluenl on lAnds." Washington, D.C.: National Association of State 
Universities and Lands-Grant College, 1974. 

[19) Amet, H. "Heavy Metal Toxicity of Sewage Sludge. Forsch. Ber. IAndes N Rhein-West/. OA, (1961),205. 
[20] Le Riche, H.H. ''Sludge Heavy Metals Toxicity." J. Agric. Sci. Camb .• 71 (1968),205. 
[21] Peterson, J.R., McCalla, T.M. and Smith, G.E. "Fertilizer technology and use." Soil Science Society of 

America, 1971. 
[22] Leeper, G.W. Managing the Heavy Metals on lhe lAnd. New York: Marcel Dekker, Inc., 1978. 
[23] Hashem, A.R. "Microbial and Heavy Metals Analysis of Sewage Sludge from Saudi Ambia.";/; King-. 

Saud University. Sci .• 7 (1995), 207-213. 



6 A.R. Hashem 

¥l:.,..)1 ~ ~..u. ~I"; .roall':"~ ~J..J.I o!J):I1 
~J ".-II ~I 4<'1.11 

, r t "" . '-:' . ~ '~.J"-'.!LUI ~ ~ 'r #1 <:lS ,Z:i..ul .1,,>- ':/IJ'~.J t,:J1 r--i 
.,~ yo-ll ~~I ~I , I It" I ~bJI 

( ... It IA II IrA.j.rJJ C».J < ... I t I 'I 1'1 lYi.j ~I) 

~ ~..u. ~I ..J....-JI .;...L...iliJ. .;..L....lI-S~1 J#LIJ..Ll1 • .i.e. ..j ( . ~I ~ 

< r >::-,~~I < ~I < ~ JL.;L.I < ...,...~I < ~..l:!.I.r"l:.J ,~~".........JI ~.rJ1 4S:W4 yL:....J1 

:r.5) t.L.A;).lZ,..."J W . .;...~I ~..j t. :r.51}..j ~Jl.l;:.. ~I ~.J ~ """,-)1) ~I 

. ~ ( .;JI .;...~I ..j r ."..~~I ~ 
')1 \I! y W I .;...l.... ~ I (f' ;,'';'' '.11 j:,S'I.,::JI ..!.\lj ;r ~ )1 .p- ..; I ~ I ~L:; ..:. .....;. ) I 
.r" L:...JI r.S; o.)4,j ')11.?l.% w"..,..)L......S...........=JI..J raJ I .;...W;..". rl~1 ..j )r-=---\'1 

. ~ .1.ii'I\ ~.J..J.I 


