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Aluminum was determined in serum samples obtained from 533 Saudi female pupils aged 68 years who
attended primary public school in Riyadh City, Capital of Saudi Arabia. The aluminum mean value was
23.21 + 15.25 pg I'! in the range of 5.98-206.93 pg I'L, Serum aluminum levels of pupils attending the Northern
school area were higher than levels found in pupils from other school areas (Southern, Eastern and Central).
Renal variables had no correlation with serum aluminum. On the other hand, a significant positive corre-
lation was found between serum aluminium above 49.2 pg 1" and urea (r= 0.6, P < 0.002). Althongh 53%,
of the screened schools had aluminum in water above the European Union (EU) acceptable limit of 50 pg
I-', there were no differences in aluminum in water between the four different school areas in Riyadh,
Factors such as drinking water, diet and the use of aluminum utensils may have contributed to this result,
As there is a hulk of literature which highlights the adverse developmental effects of aluminum on children

and infants, it would be advantageous to establish regular aluminum monitoring,
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Introduction

Aluminum 1s the third most abundant element in
the Earth’s crust, and all living organisms arc envi-
ranmentatly and constantly exposed to this ubiqui-
tous clement. Aluminum in Western diets, excluding
the contribution {rom aluminum-containing food
additives, ranges from 2-3 mg day ' (Greger 1985).
However. an FDA study (Pennington & Gunderson
1987) reported that the daily aluminum intake may
be even higher ranging from 9-14 mg AL(LID) day™'.
When aluminum-based antacids arc used. the intake
becomes higher, up to 5g day! (Lione 1983).
Aluminum is used widely in the manufacture of
vdarious construction materials, insulated cables and
wiring, packaging malerials. and processing equip-
ment. Various aluminum oxides are used as abrasives
and refractories in different industrial operations. The
metal and its compounds are also used in paper, glass
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and textile industries, and certain aluminum salts are
uscd as food additives and as pharmaceuticals such
as anlacids and bulfered analgesics (MAFF 1993).
Aluminum in the diet is derived from both natural
and anthropogenic sources. Most foods, especially
grains and vegelables, contain small amounts of
naturally derived aluminum. In plant-based foods,
the natural aluminum content is a reflection of
aluminum levels in the soil and water in contact with
the plants and the ability of the plants to absorb and
retain aluminum (Pennington 1987). Certain plants,
including tea, herbs and some leafy vegetables,
absorh more aluminum than others (MAFF 1993).
Aluminum concentrations in foods of animal origin
reflect aluminum levels in animal ‘food/fodder” and
drinking water, the extent of absorption from the
put following ingestion and the ability of specitic
tissues to concentrate aluminum (Pennington 1987).
The aluminum content of foods may be increased
by the usc of alumimum-containing food additives.
Aluminum may also enter {(ood adventitiously
from aluminum cookwarc, utensils and packaging
materials, and during [ood processing (Pennington
1987, Nagey & Jobst 1994). Aluminum is a natural
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constituent of both ground waters and surface waters
(Wills & Savory 1989). Higher aluminum concen-
trations are generally found in waters draining
acid-rain sensilive areas where the lack of soil
and the acidic bedrock facilitate the mobilization of
aluminum from the soil and underlying rock into
the run-off surface waters. The aluminum contenl
of drinking water may also be increased by the
use of aluminum salts as flocculants during water
purification. Aluminum salts. particularly aluminum
sulfate, are used to remove organic materials present
in surface waters that might affect the color or the
taste of the finished product or reduce the efficiency
of disinfection of water.

Over the past 30 vears, there has been consider-
able research into the relationship between alu-
minum and several neurodegenerative diseases.
notably Alzheimer’'s diseasc. Some epidemiological
studies, including that by Martyn er al. {1989), have
suggested an association between aluminum in the
water supply and Alzheimer's discase. The finding
is difficult to interpret since the daily intake of
aluminum from waler is much lower than that [rom
food. One suggestion is that aluminum in waler may
be more readily absorbed from the gut than
aluminun in food.

Concern has also been expressed over clevated
levels ol aluminum in infanl formulae. This concern
has arisen largely because of the suggestion (Hewitt
et al. 1987) that the absorption of gluminum from
the gut may be higher in infants than in adults and
that the retention of aluminum could be increased
due to inefficient renal clearance by the immature
kidneys.

Aluminum, both as a metal and as an AP ion’
{Klaassen er al. 1986, Cotton & Wilkinson 1988) was
long considered a harmless elcment; on the contrary,
nowadays, it is a well recognized neurotoxic agent
promaoting considerable morbidity and mortality
{(Beegman & Bates 1984, Nicolini er of 1991).
In spite of this awareness, the basic mechanisms
for AIIID) toxicity are vet to be fully understood.
Several recent reviews deal with the relevance of
Al(III} speciation and the toxic propertics of the
metal (Martin 1991, Coramn e ¢f. 1992a,b). Chronic
aluminum poisoning is a well-known causative factor
in ostcomalacia, dialysis cncephalopathy and micro-
cythemia in paticnts with renal failure (Parsons et
al. 1971. Alfcry 1991). Besides. AI(IL) has been
proposed as a rtisk factor in the etiology of
Alzheimer’s disease (Crapper Mclachlan 1986).

This study was undcrtaken during visits 10 33 girls’
primary public schools in Riyadh Cily to investigate
the possible cffect of lcad cxposurc in female
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Saudi school children. as mcasured by blood lcad
concentration, on their performance in tests of
neuropsychological ability and on their academic
achievement. In Saudi Arabia, the addition of
sodium aluminate sotution to the drinking water, the
wide use of aluminum utensils and the lack of infor-
mation on the level of aluminum in the serum of
Saudi children had led us to use those samples for
the present study. We also investigated the possible
influence of elevated serum aluminum concentra-
tions on renal parameters.

Materials and methods

Study population

Subjects used in this study were identitied and selected
from a previous epidemiological cross-sectional study of
a subpopulation of the Kingdom of Saudi Arabia, specil-
ically Saudi female children aged 6- 8 years attending first
and second grade primary public schools in Rivadh City,
in which the relationships between blood lead concentra-
tions and neuropsychalogical test and academic achieve-
ments were studied. In order to ensure a representative
sample, stratification was conducted with respect to
geographic or socioeconomic distribution using a system-
atic sampling technique. Thirty three schools were
selected. Details of the study were reported elsewhere
(personal communication).

Analvtical methods

Blood samples were collected by venipuncture into red-top
Vacutaier tubes (Beeton Dickinson, Rutherford, NI) and
allowed 1o clot for 20 min at room lemperature.
Then the tube was centrifuged for 10 min at 2000 r.p.m. at
4°C. The serum was transferred to disposable glass tubes.
all found 1o be aluminum (ree, and kept frozen until ana-
lyzed. Aluminum concentrations in serum samples were
determined by a Varian AA-4{ atomic absorption spec-
trophotometer with an aluminum hollow cathode lamp,
coupled to a GTA 96 electrothermal atomizer and a pro-
grammable sample dispenser {Varian Techtron, Milgrave.
Victoria. Australia). The optimized heating program
followed was that described by the instrument manulac-
turer (McKenzie 1988). Quadruplicate determinations
were made on all samples. If the range of the guadrupli-
cates exceeded 10% of the mean. further replicates were
performed. Serum samples were diluted 4-fold with 0.2%
Triton X-100 (Aldrich Chemical Company Tnc.. USA) in
0.1 ™ cselectipur’ = nitric acid (Merck, Darmstadt.
Germany}. Calibration standards were prepared using an
automatic standard addition procedure recommended by
the manutacturer (McKenzie 1988). Additions were pre-
pared from a single standard 0.015pglt Al solution
{Fischer Scientific Company. Fair Lawn, NJ) and Triton X~
100 as a diluent, Additions of 0. 2.5, 5.0 and 10 pg ! were



used. Total injection velume was 24 ul. The results were
interpreted by using lincar least-squares progranm. External
quality assessment (EQA) scheme specimens (Robins
Institute. University of Surrey, UK) were incorporated o
measure and maintain accuracy and reproducibility of the
procedure {Taylor & Briggs 1986} Scrum samples were
sent to the Pathelogy Laboratory. King Faisal Specialist
Hospital. for the analvsis of caleium. total protein, urea.
creatinine, sodium. chloride. potassium and glucose using 4
Hitachi 717 analyzer (Bochringer-Mannheim. Japan).
Hematological parameters were determined with an auto-
mated Coulter Counter (Coulter Electronies).

Running water samples were collected  from  two
drinking water coulers in each of the selected schools and
stored in 50 polvethylene bottles previously washed in
nitric acid. One school did not have water facilities. Out
of the other 32 schools, five had onc water cooler.
Therefore. the total number of tested water samples was
59. Only high use water coolers were selected. The water
was acidified with 30% (v/v) ssclectipur” nitric acid (Merck.
Darmstadt, Germany) to bring the pll to less than 2, as
acidification minimized the adsorption of metals into the
walls of the container. Analyses of water were performed
by inductively coupled plasma spectrometry. The instru-
mentation consisted of a Unicam, 1CP=701 (ATI-Unicam.
Cambridge, UK). Details of the analytical procedures
have been reported previously (Al-Saleh. 1996},

Stertistics

Aluminum was considered as the dependent variable
whereas the others were independent variables. Para-
meltric statistical analyses such as one-way analysis of vari-
ance (ANOVA). Schefle’s test (Scheffe 1959) for multiple
compurisons and correlation analyses were uscd to analyze
the duta. The analysis of the data was accomplished with
the Statgraphics programs (Statgraphics 1992). A conli-
dence level of 95% was chosen to evaluate the calculated
P value. However, tor the multiple comparison statistical

anahvsis, o 99% confidence level was applied.

Results

Descriptive  statistics. sample  size. means, stan-
dard deviations, and the ranges for the measured
variables, aluminum, hemoglobin (Hb), hematocrit
(Hc). red blood cells (RBC). white blood cells
(WBC). mean corpuscular cell volume (MCV).
mean corpuscular hematocrit (MCH), mean corpus-
cular hematocrit concentration (MCHC). glucose.
urea, creatinine. sodium. calcium, potassium, chlor-
ide. total protein. age. weight (WT) and height (HT)
arc provided in Table 1.

The cumulative distribution plot ol aluminum
concentrations in the screened pupils (#1 = 3533) did
nol follow a Gaussian distribution bul was positively
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Table 1. Descriptive statistics of data

Variable n Mean Sb Range
Aluminum
(pg dlh 533 2321 5.984-2006.934

15.252
Age (months) SIS 93708 10.827 70.87-142.90
51

Weight (kg) al7 22.831 5342 13.2-56.5
Height (em) 519 121.688  6.649 101-153
WBC 532 7368 203 35-168
RBC 533 4881 0420 0.09-6.29
Hb (g I') 533 127.891 9572 63-153
Hct 533 0.38 0.026 0.209-0453
MCV (1) 533 77.77 5453 S52-96.8
MCH (pg) 533 26249 2202 158 338
MCHC (2 1) 533 336925 8754 302-399
Glucose

(mmol 1) 533 5402 1.099 31-107
Urea BUN

(mmol 1N 533 3.77 0.915 1.0-7.1
Creatinine

{umol 1 1) 533 45328  5.6Y8 32-70
Sodium

{(meq1") 533 140.824  2.425 115-148
Potassium

(meg 1) 533 4390 0433 33-06.5
Chloride

(meq I!) 533 [02.672  2.638 86110
Calcium

{mmol I} 533 2432 0107 1.59-2.85
Total protein

(g1 333 T3RI6 3897 49-86

skewed (5.283) as shown in Figure 1. Therefore,
all aluminum measurements were subjected to log
transformation to obtain approximate normality of
their distribution as shown in Figure 2. Frequency
tabulation of the aluminum data revealed that 76.4%
of the screened pupils had aluminum concentrations
less than or equal 10 26.6 pg 171, 19.3% had 26.6-49.2
pe I-' and 4.3% had greater than 49.2 pp 17" (Table
2). Looking at the distribution of cach class interval
showed that both  aluminum  class intervals of
0-26.6 and 26.6-492 pgl' did follow a normal
distribution (Figures 3 and 4) with a skewness of
0.1 and 0.4, respectively, On the other hand, the
skewness of aluminum class interval greater than
492 we 11 is 2.87.

In Saudi Arabia. pupils attend schools that locate
within the same area of their residence. To ascer-
tain whether the location of schools had any
influence on aluminum data, screened schools were
groupced according (o their location in relation to
the main highways in Riyadh. There are five
major highways dividing the cily into live areas:
(1} Northern Circle Highway. (2) Southern Cirele
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Figure 1. Cumulative frequency distribution plot of
aluminum.
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Figure 2. Cumulative frequency distribution plot of log-
transformed aluminum.
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Table 2. Frequency distribution of aluminum in the
screened pupils

Class intervals of b7 %
aluminum data (pg 1)

0-26.6 407 764
26.649.2 103 19.3
492-207.4 23 4.3
Total 533

Highway, (3) Eastern Circle Highway, (4) Western
Circle Highway and (5) Central (represented by
Khurais Highway). Screened schools that are located
above lhe Khurais Highway were designaled as
Northern area schools, screened schools located to
the east of the Eastern Circle Highway were desig-
natced as the Eastern area schools. Schools located
to the south of the Southern Circle Highway werc
designated as the Southern area schools. No schools
were found to the west ol the Weslern Circle
Highway. The Central area schools were encircled
by the five above-mentioned highways.

One-way analysis of variance provided evidence
for statistically significant differences among the
different locations (F = 18.85; d.f. between groups =
3; df. within groups = 529; P =0). This analysis is
only valid if the variances arc cqual. Bartlett’s tcst
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Figure 3, Cumulative frequency distribution plot for
aluminum data less than or equal to 26.6 pg It
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Figure 4. Cumulative frequency distribution plot for
aluminum data greater than 26.6 pg I and less than or
equal 10 492 pg 1",

was used to ascertain the validity of this assumption.
The test showed that the variances were equal
(P >0.001). However, this test did not indicale
which groups were different. To answer this,
multiple comparisons, as evaluated by Scheffe’s F-
test (Scheffe 1959), were applied to log-transformed
aluminum data. At the 99% confidence level, the
results of this mcthod showed that no significant
differences were {ound between aluminum concen-
trations from schools located in the Central, Eastern
and Southern areas {Group A, Table 3). Schools in
the Northern areas were significantly different from
those in other areas (Group B) and the highest
aluminum concentrations were found in schools
located in the Northern part of Riyadh (Figure 5).

We also cxamined the correlation between log
aluminum data and the renal parameters such as

Table 3. Mulliple range analysis test

School No. Mean log aluminium Grouping

location concentration A B
(g 1)

Central 271 1.272 *

Southern 34 1.2&9 *

Castern 152 1.336 *

Northern 36 1.473 *

Aluminum in Saudi children
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Figure 5. Aluminum concentrations in serum according to
location of schools.
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Figure 6. Relationship between aluminum concentrations
above 49.2 ug I'! and urea in serum.
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Table 4. Aluminum concentrations in water and serum samples collected from schools in Riyadh

School area No. of Mean serum Mean water No. af
pupils aluminum = 8D (pg 1"} aluminum + SD (pg 1) water samples

Northern 36 31.838 £ 12.069 38.0537 + 30.845 7

(13.129 - 64.319) (0.1 - 68.933)

(n =4y n = 4)
Southern 54 20.384 £ 6215 49792 = 17.175

(9.683 -37.4) (26.289 - 75.978)

(n=4) {n =4} 8
Fastern 152 24.409 + 17.973 45.427 + 21.935

(8.194 - 206.934) (0 - 85.778)

(n=10) (n=10) 19
Central 271 21313 = 14796 32914 + 32.597

(5.984 - 148.334) (0 - 106.8)

(n=15) (n=7) 25
Total 333 23.209 = 15.252 48.183 + 27.295

(5.984 — 206.934) (0= 106.5)

(1 =33) (n = 32) 59

n, number of screened schools.

creatinine, glucose, calcium, potassium, chloride,
sodium and urea for all the pupils (n=533). No
correlation was found between aluminum data and
the renal variables. Attempts were made to examine
the correlation between a subgroup with aluminum
concentrations greater than 492 pgl? (n=23)
and the renal paramelers. There was a signilicant
positive correlation between aluminum and urea
{r=0.62, P=0.0016) as shown in Figure 6.

The results for aluminum in drinking water in the
screened schools are listed in Table 4, together with
the aluminum in serum taken from pupils attending
the same schools. Using simple lincar regression
analysis, no signilicant relationship was found
between aluminum in water and serum. No signifi-
canl differences were {found in the concentrations of
aluminum in walter between the lour different areas
in Riyadh.

Discussion

In this study, the aluminum data distribution in the
screened pupils suggests the existence of three mixed
populations. This raised an important question —
whether this is related to the cxistence of three
different types of aluminum exposure or due to
other factors? Two cut-off points of 26.6 and 49.2
pg -t were found where the three populations
separate. This revealed that 76.4% of the pupils
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have aluminum levels below 26.6 ug 1!, which
represents the first populaftion within the studied
subjects (reference population). Subjects with
aluminum above 26.0 pg ' and below 492 pg I
(19.3% of the entire studied subjects) and in
the rangc of 26.62-47.89 pg I"! arc considered as the
second population within the screened pupils. The
third group represents the highly exposed pupils
with aluminum levels above 49.2 g I, which repre-
sents 4.3% of the screened population and in the
range of 49.7-206.93 pg I''. Despite the lack of any
comparative study, it is reassuring that the reported
serum aluminum concentrations in the screened
pupils are high since current studies suggest thal
the plasma aluminum concentration is less than
10 pg 1! in healthy individuals (Alfery 1986). The
normal body burden of aluminum is quite small, the
body absorbs only 15 wg (<1%} ol the 3-5mg of
aluminum ingested daily (Alfery 1984). Renal excre-
tion keeps the body burden below 3040 mg and the
plasma level appreximately 6 pg !l (Alfery 19383,
1984). Although the availablc data suggest that
serum aluminum levels greater than 100 pg b' are
clearly associated with an increascd risk of devel-
oping aluminum toxicity in children (Trompeter
et al. 1986). Under ordinary conditions in healthy
peopie, the kidney appears to be able to excrete all
of the absarbed aluminum. Many cases of aluminum
toxicity have been described in patients with renal
failure (Griswold et al. 1983, Andreoli er al. 1984,



Salusky er af. 1984, Sedman er al. 1984a.b, Chazan
et al. 1988). Howcever, Kachny ef al. 1977 demon-
strated elevated plasma aluminum levels in normal
adults when they consumed a variety of antacid-
containing aluminum {(ACA) m large doses.
Although serum aluminum levels in our screened
pupils were markcedly elevated. no sign of aluminum
toxicity has been scen. This was confirmed by the
absence of 4 relationship between serum aluminum
in the screened pupils and the measured renal para-
meters. On the other hand, a signifiant positive rela-
tionship between serum aluminum concentrations
greater than 49.2 pe 1! and serum urea was noted.
However, the serum concentration of urea rises with
impaired renal function. Other factors not connected
with renal function or urine excretion can influence
serum urea such as the degree of protein catabo-
lism. whether produced by a high protein diet or by
hypersection or injection ol adrenal steroids that
results in the mobilization of protein for energy
purposes (Kaplan er al. 1988). However, aluminum
toxicity over time may still occur.

Our resulis suggest that high serum aluminum
levels are associated with the location of the school.
The serum aluminum concentrations of pupils who
attended the Northern area schools were higher than
those [rom other arcas. This could be attributed to
dictary laclors since Lhe Northern area of Riyadh
City represents the highest socioeconomic status. In
the Central, Fastern and Southern area schools, the
serum aluminum concentrations were not different.
On the other hand, no significant differences were
found in water aluminum among the four different
locations.  Surprisinglv, the concentrations  of
aluminum in the tested drinking water from 32
schools were higher than the Furopcan Union
guideling level (EEC 1981). In this study, 53% of
the tested water samples had an aluminum content
higher than the EU guideline limit (50 pg 1), In
Saudi Arabia. sodium aluminate solution (25%} is
added to water as a flocculating agent in the purifi-
cation of municipal water supplies. This should be
a matier of public health since previous studics
{Flaten 1987 Martyn et al. 1989) have postulated
that aluminum in drinking water 1s one of the etio-
logical agents of a number of dementia diseascs,
including Alzheimer’s disease. Usually, aluminum in
drinking water comes from the treatment process.
This has led many countries to discontinuc the use
of aluminum salts in water treatment. It was found
that the risk of Alzheimer’s disease was 1.5 times
higher in the population of England and Wales living
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in districts where the mean aluminum concentration
in the drinking water cxceeded 110 wg I than in
districts where aluminum concentrations were less
than 10 e 17 (Martyn er al. 1989). In subjects with
normal renal  function, high concentrations of
aluminum in drinking water (80 pg!™) have been
related to an clevated incidence of Alzheimer's
discasc {Giordano & Costantini 1993). The lack of
relationship between aluminum in water and serum
in this study should not be constructed as meaning
that aluminum in water has no contribution on the
¢levation of aluminum in serum since the sample
size of water samples was small.

In conclusion, this study showed that the concen-
tration of aluminum in drinking water exceeds the
guideline values that were set by the EU (EEC
1981). Guidchne valucs were sct according to the
assumption of a daily consumption ol 2 1 by a person
weighing 60 kg. Such an assumption may be not
applicable for this study for the following reasons.
First. water intake is likely to vary with climate. e.g.
at temperatures above 25°C there is a sharp rise in
fluid intake to meet the demands of increased sweal
rate. This study was conducted during May-June
when the temperature is usually around 35°C.
Second, children consume more fluid per unit weight
than adults (WHO 1993). Therefore, children who
altend these schools are at a high risk {from expo-
sure Lo melals. It is very important 1o investigale the
cause with a view to taking remedial action.

In addition to drinking water, other factors such
as diet might have an influence on aluminum con-
centrations. The normal dietary source of aluminum
is food and water to which aluminum has been
added or in which there is naturally a high content
{Sorensen et al. 1974, Pennington [987). However,
it has been stated that “the inappropriate choice of
foods, metheds of food preparation and non-
preseription drugs can readily increase the daily
inlake of aluminum to several thousand milligrams
each day” (Lione 1983). Also, one could anticipate
that since aluminum is permitted as an external
coloring agent for cake decoration and on sugar-
coated flour confectionery such as chewing gums,
chocolate, sweets, ctc. (MAFF 1993), such items of
confectionary are likely to be potential hazards of
special importance because of the extent to which
children consume them.

Although the data in this study are not represen-
lative of the general population, they revcal a nced
L¢ monitor and reduce aluminum in the environment
of Saudi Arabia.
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