
Arab GulfJournal ofScientific Research, 2J pp J10 - 117(2003) 

K H AI-Assaf, A AI-Gadi, M A Abdalla and H M AI·Swaidan 

Monitoring of Total Pb, As, Cd, Se, and Cr 

as Trace Pollutants in Sewage Sludge of 

Riyadh Second Industrial City by ICP-MS 


Abstract. The concentration levels of Pb, and 
Cr in sewage of the Riyadh second industrial 
environment were monitored using ICP-MS. Samples 
were collected from five different reservoirs three times a 
day for a of four weeks during the summer season. 
The microwave acid method was developed for 

preparation. Sample reference material was 
analyzed ten times to determine the precision and 
accuracy of the method. Better results were obtained 
using external standard calibration with the addition of 
Yttrium (Y) as an internal standard. Relative standard 
deviation between 1-10% for all with 
pel:cel:uajge recovery values between 99%-106%. 

The concentrations of the elements obtained with the 
"'AUVV'J~ method were in good agreement with the given 
certified values. 

Keywords: Sewage Riyadh, industrial pollutants, 
monitoring, ICP-MS, "''''''''''''n range. 

Introduction 

Riyadh's second industrial city is one of the 
industrial in Kingdom of Saudi 

Arabia. It is located on an area 16 million square 
meters, southeast of metropolitan Riyadh, and about 

kilometers from the city center. The city houses 
more than SOO factories producing food, textiles, 
furniture, printed paper, chemical products, plastic 

steel, buses, car 
systems, etc, The industrial city has been 
to fulfil infrastructure requirements of the 
industries, such as a water supply system, storm 

sludge treatment 
collection system 
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Determinations of toxic elements such as 
cadmium, lead, arsenic, selenium and chromium in 

is necessary due to their serious 
threat to health and environment 
1980). Cadmium is considered to be a toxic element. 

source cadmium in sewage sludge may be 
from metallurgical alloying, textile printing and 
plastic stabilizer or pigment industries (Christensen 
et at. 1982), The level of lead in blood is a 

When the level 
100-120pg/dl, lead may cause brain 

(Dezuane, 1980). Lead is widely 
industry as a raw material for storage 
matches, pigments, photographic material, leaded 

others, that can contaminate the 
sewage sludge (Katz et at. 1981), Arsenic a 
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poisonous effect on at levels of 100mg 
or more, and is considered lethal at levels of 
or more (Dezuane, 1980). The toxicity arsenic 
varies widely, depending on the compound. Lethal 
doses for some arsenic compounds are 1.S, 5, 
50 and SOOmg/kg for arsenite, arsenate, 
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monomethlyarsonate and dimethylarsinate, 
respectively (patterson, 1985). Many poisoning 
accidents have been reported due to arsenic 
contamination of food (18,500 people were infected 
and there were more than 200 fatalities in England 
and Japan) (Mezey, 1979, Johnson and Thompson et 
al. 1980). Sewage sludge can be contaminated by 
arsenic from the contribution of waste from 
metallurgical industries or wood and metal furniture 
industries (Christensen et al. 1982). Selenium is 
toxic at high levels, while it is essential to the human 
body at some levels (animal studies have confirmed 
its effectiveness in prevention of certain endemic 
disease) (Dezuane, 1980). Sewage sludge streams of 
paint factories, paper manufacturing, and pigment 
and dye formulating industries could contain 
selenium. Trivalent chromium may be nutritionally 
essential with a safe and relative innocuous level of 
0.20 mg/day (Dezuane, 1980). Hexavalent 
chromium has an adverse effect on the liver, kidney 
and respiratory organs with symptoms such as 
bleeding effects, dermatitis, and ulceration of the 
skin from chronic and subchronic exposure 
(Dezuane, 1980). A toxic dose for a human adult 
was reported at about 0.5g of potassium dichromate 
(K2Crp7)' Chromium can be present in industrial 

waste streams due to chromium compounds used in 
industrial cooling water as corrosion inhibitors. 
Also it may be present in the waste stream of ink, 
paint pigment, as well as in metal-plating industries 
where chromic acid rinse water is used (Christensen 
et ai. 1982). 

Various sample digestion procedures for sewage 
were evaluated (Thompson et at. 1980, Christensen 
et al. 1982 and Katz et al. 1981). Microwave 

Table 1. Operating conditions of ELAN 6000 ICP-MS 

technique has been used for sewage sludge sample 
preparation (Vela et al. 1993, Morales et al. 1989, 
Jallan et al. 1989, Bettinelli et al. 1990 and 
Thomaidis et al. 1995). Some work has been done to 
compare the conventional method with the 
microwave digestion method (Moral et al. 1996, 
Fournier et al. 1997 and Florian et at. 1998). Also 
some authors have reported the use of ultrasonic 
bath for the digestion of sewage sludge using aqua 
regia (Sanchez et al. 1994). 

Experimental 

• Instrumentation 
The inductively coupled plasma mass 

spectrometer model ELAN 6000 from PE SCIEX 
was used. A Pentium 133 MHz digital computer was 
used to control the instrument control and data 
acquisition, manipulation and storage. Results were 
printed using an HP LaserJet printer. A peristaltic 
pump was used for sample introduction and an auto 
sampler model AS 90 from Perkin Elmer was used 
for auto sample transport. Samples were nebulized 
using a PE cross flow nebulizer. The operating 
conditions for the ICP-MS were set as listed in 
Table 1. 

A Fisher Scientific centrifuge apparatus was 
used for sample centrifuging. The microwave 
sample preparation system that was used for sewage 
sludge sample preparation was CEM Corporation 
model MDS-2lO0, USA. Teflon-lined digestion 
vessels were used in the microwave digestion 
system. A Fisher Scientific isotemp oven model 
655G, USA, was used for the drying process. 

Nebulizer gas flow 0.8 Llmin S weeps/readings lO 

Lens voltage 9.0V Integrated time 2000 ms 

Analog stage voltage 1000V Interface pressure 1-2 torr 

Pulse stage voltage -2100V Mass spec pressure 1.06 x lO-5 

Discriminator threshold 70 Nebulizer Cross flow 

AC rod offse -5 Sampler nickel 

Number of replicates 3 Skimmer nickel 

Readings/replicates 2 Dwell time lOOms 

Scan mode Peak hopping 
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... Reagents 
Nitric acid, Aristar 69%-71 % from 

Laboratory was liquid 
Nitric acid, Certified A.C.S 

plus grade from Fisher was used for and 
plastic bottle cleaning. Certified standard (Claritas 
ppt) from SPEX NJ, lot No. 
13-0IAS, containing lOmg/L in 5% (v/v) HNO) was 

used for standard 
following elements: Pb, Se. lOmg/L in 
2% (v/v) HN0

3 
Yttrium single element Certified 

from (Claritas ppt), SPEX Certiprep, Inc., 
NJ, USA, lot No. 9-92AS, was used as an internal 
standard. Four standards, S1, S2, S3 and S4, 

5, and 100mg/L were 
prepared using the dilution procedure from the 
solution. For reproducibility, accuracy 
and precision studies, one sewage sludge sample 
was taken and spiked with 20mg/L of As, Pb, Cd, Se 
and Cr standard. The same sample was prepared and 
analyzed without any standard spiking. This 
was repeated ten times to representative data. 
The concentration, standard deviation, 

standard deviation and recovery were 
calculated and tabulated. water obtained 
from compact MiIli-Q UV plus system, Millipore, 
USA, with an indicated outlet conductivity of 
18M/ohm was used . 

... 

Four batches (B(B4) of 

were collected week for one month on 
different days, the first week on Saturday, the 
second week on Monday, the third week on 
Wednesday and fourth week on Friday, from 
five (RI-Rs) located in different areas. 

Each batch was collected at different times of the 
day; the first time at 09:00 hours, the 
",",,",VBU sampling time at 16:00 hours and the third 
sampling time at 23:00 Samples were 
collected using polyethylene For ",.ca... ,,):;, 

bottles were in 20% (v/v) nitric acid for at 
24 hours then rinsed with deionized water for 

three times prior to use; moreover, bottles were 
rinsed several times with the sample to the 
sampling process. 

" Procedure 
Sewage samples were transferred 

immediately after collection to the laboratory. 
Samples were filtered using a vacuum, buchner 
funnel and Whatmann filter paper No. 542. 
including were then to an oven 
and dried at 110°C 2 hours. 50±10 mgs of 
were taken in a Teflon lOml nitric 
(50% v/v) was added. Samples were then placed in 
the microwave digestion 2 illustrates 
the program used for the microwave digestion 
method. The solution was then transferred to a 50ml 
polypropylene centrifuge and stored in a refrigerator 
at 4°C prior to analysis (according to the standard 
method the examination water and sewage 
sludge) (APHA, 1992). A blank was the 
same as the sample. Internal standard (Yttrium) was 
added prior to the analysis. Samples were diluted 
several times if dilution was required. 

TabJe 2. The oven 

For recovery, reproducibility. accuracy and 
precision studies, sewage 
material was analyzed ten times. The average 
concentration, standard deviation, relative standard 
deviation and recovery data were calculated, 
tabulated and to the certified 
Standards were directly from stock 
solution using the dilution method. 

" Calibration 
Mass calibration and resolution checks were 

using a tuning solution 
Pb, Rh, Ce and Ba obtained 

from Perken The instrument was 
calibrated using blank (deionized water) and four 
standards, S I, and S4, containing 5, 
and 100mg/L respectively. Table 3 illustrates the 
isotopes used in this methods, mass 
and elemental equations for data calculations. 
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Table 3. Element isotopes and elemental equation for interference correction 

Element Mass Interferences Elemental equation Note 

As 

Se 

Pb 

Cd 

Cr 

75 

82 

207 

III 

52 

ArCl 

Kr 

MoO 

mass 75-(3 .127)[(mass77)-(0.815)(mass 82)] 

mass 82 - 1.0082 x mass 83 

mass 207 

massl11-(1.073)[(mass108)-(0.712)(mass106)] 

mass 52 

(1) 

(2) 

(3) 

Note: 
(1) Correction for chloride interference with adjustment for Se77 

• 

(2) Correction for J(r82 interference. 
(3) Correction for MoO interference. 

Results and Discussion 

The calibration curves of all elements obtained by the instrument using five points 0, 5, 50, 75 and 
100mg/L showed an excellent linearity for all elements. Correlation coefficient values for all elements were 
within the 0.9987 to 0.9999 range. Table 4 illustrates the percentage recovery, standard deviation and relative 
standard deviation. 

Table 4. Statistical data for all elements 

Elements Sample (mg/L) Sample + 20 mg/L Spike %Recovery 

AVGa SDb RSDc AVGa SDb RSDc 

Cr 1.35 0.15 11.1 % 21.47 0.44 2.1% 100.6% 

As 1.68 0.16 9.8% 20.67 0.44 2.1% 94.9% 

Cd 0.00 0.00 0.0% 18.74 0.27 1.4% 93.7% 

Pb 6.14 0.60 9.8% 26.47 0.93 3.5% 101.6% 

Se 6.09 0.57 9.3% 24.90 0.60 2.4% 94.1% 

"Ten replicates. 

bStandard deviation. 

cRelative standard deviation. 


The results obtained for sewage sludge reference 
material in comparison to the certified values 
indicate that the microwave digestion with nitric 
acid procedure is a good method. The relative 
standard deviation calculated for 10 replicates 
rangeed between 15% to 10% for all elements, 
except for selenium, which had a higher relative 
standard deviation. This may be due to the low 

concentration level of selenium and the high 
detection limit of the instrument. On the other hand, 
and disregarding the selenium value, percentage 
recovery, which ranged between 99% to 106% 
indicates the very good precision of this method. 

Table 5 illustrates the chromium concentration 
levels in the sewage sludge during the study periods . 
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Table 5. Distribution of arsenic concentration in 

Bl 2.3 ± 0.2 

B 2.0 ± 0.3 

CB2-1 2.2 ± 0.01 

± 0.1 

5.2 ± 0.1 

2.2 ± 0.1 

4.3 ± 0.1 

5.8 ± 0.2 

7.3 ± 0.4 

8.5 ± 0.2 

aThree vl.""V"'''~ 
bStandard 

"Mean cone. ± 

7.7 ± 0.2 28.9 ± 0.3 ±l.l 

9.6 ± 1.0 8.9 ± 0.2 	 ± 0.2 19.5 ± 0.6 

11.7 ±0.3 10.1 ±0.4 20.1 ± 0.5 20.2 ± 0.7 

12.0 ± 0.3 10.2 ± 0.3 16.9 ± 0.7 17.9 ± 0.4 

10.7 ± 0.7 11.4 ± 0.2 15.8 ± 0.6 17.5 ±0.3 

9.3 ± ILl ± 0.2 15.2 ± 0.5 17.9 ± 1.0 

9.6 ± 0.3 1l.2 ± 0.2 13.2 ± 0.8 14.3 ± 0.3 

8.9 ± 0.6 10.9 ± 0.5 13.7 ± 0.3 16.8 ± 0.4 

38.9 ± 1.9 10.4 ± 0.1 	 ±0.4 11.8 ± 0.4 

17.0 ±0.2 11.0 ± 0.3 13.4 ± 0.9 31.3 ±0.6 

11.1 ±0.5 	 13.5 ±0.5 29.3 ±0.7 

cB, first week on Sat., B 2nd week on Mon., B3 3rd week on Wed, 4th week on Fri. z 
dO) at 9:00 hours, (2) at 16:00 hours, (3) at 23:00 hours. 

The concentration in were below 2% (w/w) for two occasions of week, 
when the level of chromium exceeded 11 % (w/w) (B

4 
-R2-1 and Moreover, in the third and fourth week of 

reservoir R5 the concentration level was around 6% (w/w). These high concentration levels be due to the 

number of metal manufacturing located in that area. Due to many glass arsenic 
concentration levels were less than most of time; however, the level of exceeded 30mg/g 
at one (B(R2-3) (Table 6). 

R4 

341.0 ± 6.0 

17.2 ± 0.2 14.1 ±0.8 260.0 ± 4.0 341.0 ±4.0 

±21.0 64.1 ±l.l 23.4 ± 0.6 379.0 ± 8.0 403.0 ± 3.0 
11.4 	 ± 0.3 ± 0.1 25.4 ± 0.8 124.0 ±l.l 130.0 ± 0.9 

± 0.3 51.1 ±0.6 46.5 ±0.4 96.5 ± 2.2 101.0 ±0.9 
± 0.2 59.1 ±0.5 131.0 ± 1.9 92.8 ± 1.6 141.0 ± 0.8 

634.0 ±73 6.6 ± 0.3 11.1 ± 0.2 153.0 ± 1.3 362.0 ± 1.6 
419.0 ±0.7 57.6 ± 1.7 22.4 ± 0.3 103.0 ± 1.6 138.0 ± 1.0 

B3-3 343.0 ± 0.5 76.9 ±0.7 ± 0.2 138.0 ±1.4 272.0 ± 6.0 
CB4-1 9.2 ± 0.2 203.0 ±1.4 21.3 ± 0.1 152.0 ± 1.3 13.6 ± 0.2 
B4-2 ± 0.2 10.3 ±0.2 22.2 ± 0.2 ± 1.0 1249.0 ± 7.0 

9.6 ± 0.3 8.8 ± 0.2 1 	 131.0 ± 1.0 883.0 ± 3.0 

"Three replicates. 

bStandard deviation. 

cB J first week on B2 2nd week on Mon., B3 3!1i week on Wed, B, 4'h week on Fri. 

d( I) at 9:00 hours, (2) at 16:00 hours, (3) at 23 :00 hours. 
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Many metallurgical alloying industries as well as textile printing industries can lead to high cadmium 
levels in the waste stream leading to a high accumulation in the sewage sludge. As illustrated in Table 7, 
cadmium concentration levels were not stable; in three reservoirs (RI' R3, Rs) the levels were less than Smg/g 

on average but sometimes the IS and 20mg/g concentration levels were reached in reservoir R
3

. The 

concentration levels in R4 were ISmg/g on average, while R2 had the highest concentration level, sometimes 

reaching 30mg/g. 

Table 7. Distribution of lead concentration in sewage sludge at different reservoirs 

Period 

aMean conc. ± bS.D. (mg/L) 

Rl R2 R3 R4 RS 
cB 1-1 d < 0.4 4.9 ± 0.3 < 0.4 <0.4 <0.4 

Bl-2d 12.8 ± 0.2 9.3 ± 0.1 < 0.4 6.1 ± 0.10 <0.4 

B I-3d 4.7 ± 0.4 81.2 ±1.1 7.2 ±0.2 lS.0 ± 0.10 < 0.4 

cB2-1 < 0.4 104.0 ± 1.0 71.2 ± 1.6 3S0.0 ±S.OO <0.4 

B2-2 < 0.4 16.9 ± 0.1 13.9 ± 0.2 IS7.0 ± 3.30 <0.4 

B2-3 <0.4 37.8 ±0.7 IO.S ± 0.3 98.S ± 1.40 0.6 ± 0.1 

cB3-1 < 0.4 273.0 ± 4.0 IS.3 ± 0.1 1.0 ± 0.10 <0.4 

B3-2 < 0.4 2S7.0 ± 3.0 19.3 ± 0.2 0.1 ±0.02 <0.4 

B3-3 1.4 ± 0.1 22S.0 ± 3.2 IS.8 ±0.2 4.8 ±0.20 < 0.4 

cB4-1 < 0.4 < 0.4 32.4 ± O.S < 0.4 30.7 ± 0.3 

B4-2 < 0.4 1.9 ± 0.1 12.S ±0.7 < 0.4 <0.4 

B4-3 < 0.4 < 0.4 16.3 ± 0.3 <0.4 < 0.4 

aThree replicates. 
bStandard deviation. 
cB fIrst week on Sat., B2 2nd week on Mon., B3 3rt! week on Wed, B4 4th week on Fri. 

I 
del) at 9:00 hours, (2) at 16:00 hours, (3) at 23:00 hours . 

Table 8 illustrates the concentration levels in the sludge, which were below 1000mg/g in all reservoirs and 
generally averaged between 200 to 800mg/g. 

Table 8. Distribution of cadmium concentration in sewage sludge at different reservoirs 

Period 

aMean conc. ± bS.D. (mg/L) 

Rl I R2 R3 R4 RS 
cB 1-1 d <0.80 ± 0.10 O.SO ±0.02 < 0.03 < 0.03 < 0.03 

B 1-2d S.70 ± 0.10 < 0.03 <0.03 < 0.03 < 0.03 

B I-3d < 0.03 < 0.03 < 0.03 <0.03 < 0.03 

cB2-1 1.80 ± 0.01 8.20 ±0.1O 1.40 ± 0.1 < 0.03 < 0.03 

B2-2 < 0.03 1.80 ± 0.10 0.20 ± 0.01 0.10 ± 0.06 < 0.03 

B2-3 < 0.80 ± 0.10 4.30 ±0.03 <0.03 0.10 ± 0.02 0.10 ± 0.03 

cB3-1 28.30 ± O.SO < 0.03 < 0.03 < 0.03 <0.03 

B3-2 16.00 ± 0.30 < 0.03 < 0.03 < 0.03 < 0.03 

B3-3 9.90 ± 0.20 < 0.03 < 0.03 < 0.03 < 0.03 

cB4-1 2.70 ± 0.02 1.20 ± 0.01 < 0.03 < 0.03 < 0.03 

B4-2 1.30 ± 0.02 1.30 ± 0.03 <0.03 < 0.03 < 0.03 

B4-3 1.80 ± 0.01 < 0.03 < 0.03 <0.03 < 0.03 

"Three replicates. 

bStandard deviation. 

cB, first week on Sat. , B2 2nd week on Mon., B3 3rd week on Wed, B4 4th week on Fri. 

d(l) at 9:00 hours, (2) at 16:00 hours, (3) at 23 :00 hours. 
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Lead concentration could be from battery industries, metallurgical manufacturing or from photographic 
material manufacturing. Selenium results, as illustrated in Table 9, were not reproducible and the standard 
deviations were in most cases slightly high, indicating poor sensitivity and stability. However, 
concentration of Selenium in the were below 15mg/g, for reservoir R4, where the level 

was near 27mglg in some periods. Selenium is an important element in paper and pulp, as well as 
manufacturing, and it could be a water pollutant, which would explain this accumulation in the sewage 
sludge. 

Table 9. Distribution of selenium concentration in sewage sludge at different reservoirs 

BI <0.5 

eB2-l < 

B2-2 ±1.l 

B2-3 1.5 ± 0.6 

cB3-1 <0.5 

2.6 ± 0.6 

2.1 ± 0.9 

4.9 ± 1.1 

6.0 ± 1.3 

4.2 ± 1.6 

1.7 ± 0.7 

5.1 ±0.8 

4.4 ± 1.2 

6.2 ± 0.6 

± 1.0 

5.0 ± 1.0 

5.6 ± 0.6 

<0.5 

±1.l 

3.7 ± 1.1 

2.6 ± 1 

<0.5 11.1 ± 0.6 < 0.5 

± 0.3 11.6 ± 1.2 ± 1.2 

4.8 ±1.1 10.6 ± 1.2 6.3 ±0.6 

5.2 ± 0.9 9.3 ± 0.4 7.0 ± 0.9 

±0.9 16.9 ± 1.8 ± 

6.1 ± 1.7 10.9 ± 0.5 3.1 ± 0.4 

6.4 ± 0.6 8.2 ± 0.1 2.3 ± 0.5 

1.7 ± 1.1 4.7 ± 0.9 ± 1.2 

± 1.3 6.4 ± 0.9 <0.5 

2.6 ± 1.9 

"Three replicates. 
bStandard deviation. 

first week on Sat., 2nd week on Mon., 3rd week on B4 4th week on Fri. 

d(l) at 9:00 hours, (2) at 16:00 hours, (3) at 23:00 hours. 

Table 10. The maximum allowable limits of 
element concentration the sludge 
controlled by the Royal Jubai/ and 
Yanbu (RCJY) 

Conclusion and Recommendations 

The digestion method with the 
addition of Yttrium as an internal standard for 
matrix effect followed ICP-MS 
analysis, proves to be a very powerful, 
rapid and technique for digestion and 
analysis of in industrial sewage sludge. 
Results obtained from the 

material of the sludge using 50% (w/v) nitric acid 
and the proposed microwave digestion method 

very good recoveries (99% to 106%) of 
metals of environmental interest and can 

easily be applied as routine in laboratories. It is 
concluded that the suspended elements are 
accumulating in reservoirs by time. Therefore, 
it is highly recommended to clean those reservoirs 
in a periodic manner and dispose the collected 

in a proper way. 
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