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ABSTRACT

Objectives. Autism a childhood neurodevelopmental
disorder, with onset prior to 36 months old. The etiology
of autism is complex, and usually, the underlying
pathol ogic mechanisms are unknown. Recently, alteration
in heavy metals and trace elements had some interest.
The aim of the present study is to examine levels of trace
eements and heavy metals in hair samples, of autism
spectrum disorders in the Riyadh area.

Methods: The study was conducted in Riyadh area,
Kingdom of Saudi Arabia between September 2003 and
April 2004. Seventy-seven autistic children participated
in the study, all with confirmed diagnosis according to
E-2 diagnostic criteria for autistic spectrum disorders.
Hair samples were analyzed by atomic absorption
spectrophotometer. The measurements of 9 heavy metals
(lead, mercury, aluminum, arsenic, barium, cadmium,
nickel, antimony and strontium), and 11 trace elements
(sodium, calcium, chromium, copper, iron, magnesium,
manganese, zinc, cobalt, selenium and molybdenum) was
carried out.

Results: The current study showed significantly higher
levels of toxic heavy metals mercury, lead, arsenic,

antimony and cadmium in autistic spectrum disorders as
compared to the control children. Moreover, hair samples
from children with autistic spectrum disorders contained
significantly lower concentrations of calcium, copper,
chromium, manganese, iron and cobalt, as compared to
normal children. In addition, we found a significantly
higher incidence of socia withdrawal, sleeping and
eating disorders, speech and language disorders among
autism spectrum disorders as compared to controls.

Conclusions: The present study demonstrated
alteration in levels of toxic heavy metals and essential
trace elements in children with autistic spectrum
disorders as compared to normal children. This suggests a
possible pathophysiological role of heavy metals and
trace elements in the genesis of symptoms of autism
spectrum disorders, such as social withdrawal, eating and
dleeping disorders. In turn, those children with autistic
spectrum disorders might benefit from chelating therapy
for heavy metal poisoning and supplementation of
essential trace elements.
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A utism is a neurodevelopmental syndrome with
an onset prior to 36 months. It is a syndrome

characterized by impairment in social related
communication, repetitive behavior, abnormal
movements and sensory dysfunction. Other

characteristics include, inappropriate laughing and
giggling, little or no eye contact, apparent
insensitivity to pain, preference to be alone and

many more characteristics.t Recent epidemiological
studies suggested that autism might affect one in
150 American children. In the last 20 years, there
has been an increase in the diagnosis of autism,
which we cannot explain by genetics alone nor can
this increase be secondary to only increased
awareness. The etiology of autism is complex, and
usually, the underlying pathol ogic mechanisms are
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unknown. Recent research has investigated genetic
as wel as neurochemica and immunological
factors. In addition, heavy metals had some
interest.# The human brain forms and devel ops over
a long period, compared to other organs, with
neuron proliferation and migration continuing in the
postnatal period. The blood brain barrier is not fully
developed until the middle of the first year of life.
Furthermore, there is postnatal activity in the
development of neuronal receptors and transmitter
system, as well as the production of myein. The
fetus receives significant exposure to toxic
substances through maternal blood and across the
placenta, with the fetal level of toxic metals often
being higher than that of maternal blood.>® The
incidence of immune reactive conditions such as
autism, schizophrenia, attention deficit disorder
(ADD), dydlexia, and learning disabilities, have
been increasing rapidly in recent years.® Exposure to
toxic chemicals or environmental factors appears to
be a factor in as much as 28% of the 4 million
children born each year.* With one in 6 having one
of the neurological conditions listed above, the USA
government estimates that over 3 million of these
are related to lead or mercury toxicity.® Since
autism has become one of the disease that causes
impairment in children of Saudi Arabia and its
etiology still not clear, the aim of this study is to
reveal any cross-link between neurodevel opmental
delay of autistic spectrum disorders and exposure to
high concentration of heavy metals or deficit of
essential trace elements early in life. For this
purpose, we carried out measurement of heavy
metals and essential trace elementsin hair samples
of autistics.

Methods. The study was conducted in Riyadh,
Kingdom of Saudi Arabia, between September 2003
and April 2004. Seventy-seven children, aged up to
14 years old, with confirmed professional diagnoses
of one of the following disorders were selected:
autism, ADD, Rett's syndrome and Aspergers
syndrome. The diagnosis was carried out either by
aqualified psychologist, psychiatrist or neurologist,
according to diagnostic criteria E-2 (Rimland
1968).1t Written consent was obtained from parents
prior to the start of the study, and then the parents
were asked to complete a questionnaire regarding
the child's medical and behavioral history. Healthy
age and sex matched control volunteers were
recruited from King Khaled University Hospital.
Hair samples were collected in biohazard bags; the
hair was obtained from the nap area (approximately
one gm in weight).

Measurement of trace elements. Measurement
of heavy metals and trace elements was conducted
according to the method by Ludwig et a2 as
follows. Hair samples were first rinsed with acetone
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and soaked for 1-2 hours in distilled demonized
water. Then mixed and washed 3 times for one hour
in a solution containing 0.1% Triton Tx-100 (Sigma
Chemical Co., St. Louis, MO). Each sample was
digested using 2 ml of 70% nitric acid and one ml of
30% hydrogen peroxide. Then hair samples were
placed in polyfluoroethylene vessels and acid
digested with a microwave digestion system at
controlled pressure (150 psi) and temperature
(110°C). Then the samples were ready to be tested
for heavy metals by atomic absorption spectrometry.
The measurements of 9 heavy metals (lead,
mercury, auminum, arsenic, barium, cadmium,
nickel, antimony and, strontium), and 11 trace
elements (sodium, calcium, chromium, copper, iron,
magnesium, manganese, zinc, cobalt, selenium and,
molybdenum) were conducted by atomic absorption
spectrophotometer (Central Laboratory, Center for
Female Studies, Al-Maaz). The precision and
accuracy of the method were studied according to
reference material CRM 398. The results were
analyzed using SPSS for windows. Results were
expressed as mean £ SEM. Statistical analyses for
differences among the groups were assessed by
t-test. P-values < 0.05 were considered significant.

Results. Seventy-one males (92.2%) and 6
females (7.8%) with autistic spectrum disorders
participated in the study, including 65 autistics with
a confirmed diagnosis (61 males and 4 females), 8
maes with ADD, 2 maes with Aspergers
syndrome, and 2 females with Rett’s syndrome. The
mean age for the total number of autistic children
participating in the study was 8.8+0.5 years. The
male to female ratio was 11.8:1. The percentages of
children suffering from social withdrawal, sleeping
and eating disorders and speech and language
deficits in early childhood autism, ADD, Rett's
syndrome and Aspergers syndrome are shown in
Table 1. The concentration of essential trace
elements and toxic heavy metals in hair samples of
normal and autistic spectrum disordersis displayed
in Tables 2 & 3. Hair samples from autistics and
children with Aspergers syndrome contained
significantly higher concentration of the toxic heavy
metals mercury, lead, arsenic, antimony and
cadmium. Whereas, hair samples from children with
Rett’'s syndrome and ADD contained significantly
higher concentration of lead. Furthermore, hair
samples from autistics contained significantly lower
concentrations of the following essential trace
elements: calcium, copper, chromium, manganese,
magnesium, iron, selenium and cobalt. Furthermore,
hair samples from children with ADD contained
significantly lower concentrations of calcium,
copper, chromium, manganese, iron, molybdenum
and cobalt. Moreover, hair samples from children
with Aspergers and Rett's syndrome contained
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Table 1 - Percentages of social withdrawal, sleeping, eating disorders and speech and language deficits in children with early childhood autism,
attention deficit disorder (ADD), Rett’s syndrome, and Aspergers syndrome regression.

Disorders Total Social withdrawal Sleeping disorders  Eating disorders  Speech & language deficits
n (%) n (%) n (%) n (%)
Control 80 10 (8) 14 (18) 14 (18) 4 5)
Autism 65 55 (85) 31 (39) 50 (77) 54 (83)
Attention deficit disorder 8 7 (87.5) 3 (37.5) 7 (87.5) 7 (87.5)
Aspergers syndrome 2 2 (100) 1 (50) 1 (50) 2 (100)
Rett’s syndrome 2 2 (200) 1 (50) 1 (50) 2 (200)

Table 2 - Concentration of heavy metals (ppm) in hair samples of children with autism, ADD, Aspergers syndrome and Rett’s syndrome as
compared to normal children.

Heavy metals Normal Autistic ADD Aspergers syndrome Rett’s syndrome
Mercury (Hg) 0.713+0.228 4.204+1.129** 0.51+0.028 1.941+0.046 * 0.89+0.09
Lead (Pb) 0.96+0.16 3.48+0.22** 4.2+0.16* 3.68+1.4* 1.4+0.8*
Arsenic (As) 0.23+0.05 1.8+0.16** 0* 2.86+0.09* 0*
Cadmium (Cd) 0.003+0.001 0.008+0.003* 0* 0.07+0.05* 0*
Barium (Ba) 0.006+0.02 0.001+0.009 0* 0* 0*
Antimony (Sb) 0.002+0.007 0.02+0.01* 0* 0* 0*
Aluminum (Al) 24+0.8 22412 3.3:0.8 2+0.6 2.8+04
Strontium (Sr) 0.01+0.002 0.003+0.001 0.007+0.005 0.001+0.003 0.03+0.01
Nickel (Ni) 0.42+0.03 0.18+0.02 0.01+0.03* 0.06+0.008* 0.35+0.2
Age (year) 7.2£0.7 9+0.3 6+0.8 10.2+0.9 9+2

Valuesare mean + SEM, * - Significant, ** - Highly significant, ADD - attention deficit disorder, ppm - parts per million

Table 3 - Concentration of trace elements (ppm) in hair samples of children with autism, ADD, Aspergers syndrome and Rett’'s syndrome as
compared to normal children.

Trace elements Normal Autistic ADD Aspergers syndrome Rett’s syndrome
Zinc (Zn) 140+8 150+20 14517 144+29 130+14
Sodium (Na) 5+0.4 4.2+0.3 4.2+0.3 4+0.1 4.2+0.3
Calcium (Ca) 830+20 480+30** 480+3** 390+3** 530+3**
Copper (Cu) 14+0.2 3+0.2%* 3+0.2* 3+0.2* 3.7+0.2*
Chromium (Cr) 0.14+0.01 0.04£0.01** 0.03£0.01** 0.04+0.1* 0.01+0.01**
Manganese (Mn) 0.6+0.06 0.33+0.04* 0.33+0.04* 0.4+0.04 0.32+0.04*
Magnesium (Mg) 5+1 3t1** 3+1* 3.4+1 4.2+1

Iron (Fe) 5+0.5 240.2%* 2+0.2%* 2+0.2%* 2.2+0.4%*
Cobalt (Co) 0.2+0.02 0.1+0.01* 0.1+0.01 0.2+0.1 0.2+0.01
Selenium (Se) 0.9+0.04 1.2+0.05** 1.2+0.05* 1+0.05 0.9+0.03
Molybdenum (Mo) 0.03+0.004* 0.03+0.003 0.003+0.004* 0.003+0.003* 0*

Age (year) 7.2+0.7 9+0.3 6+0.8 10.2+0.9 9+2

Vauesare mean + SEM, * - significant, ** - highly significant, ADD - attention deficit disorder, ppm - parts per million
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significantly lower concentrations of the following
essential  trace  elements.  calcium,  copper,
chromium, manganese, molybdenum and iron.

Discussion. Seventy-seven children  with
autistic spectrum disorders participated in the study.
Sixty-five are autistic, with 61 were males and 4
females. The male to female ratio was 15:1, more
than the known international ratio of 4:1. This is
probably resulting from more males participating in
the study than females. Furthermore, the study also
included 2 males with Aspergers syndrome, and 2
females with Rett’s syndrome. The major findings
of this study were that children with autistic
spectrum  disorders  were characterized by
significantly higher levels of some heavy metals
(such as mercury, lead, arsenic, antimony and
cadmium), and significantly lower levels of some
essentials trace elements (such as calcium, copper,
chromium, manganese and iron) in hair samples.
Moreover, the autistic spectrum disorders were
associated with social withdrawal, and a higher
incidence of sleeping and eating disorders, and a
higher incidence of speech and language disorders,
as compared to the control children. Our findings
are consistent with others4314 They reported
significant differences in trace elements and heavy
metal s concentration in hair samples from children
with behavioral abnormalities.

Scientist have found that heavy metals such as
mercury, cadmium, lead and auminum affects
chemical synaptic transmission in the brain and the
periphera and central nervous system (CNS).1516
Those elements can lead to disruption of brain and
cellular calcium levels that significantly affect
several functions, such as calcium dependent
neurotransmitter release, which results in depressed
level of serotonin, norepinephrine  and
acetylcholine.t”18  Those neurotransmitters are
related to mood and motivation. Toxic metals have
also been found to affect cellular transfer and levels
of other important minerals and nutrients that have
significant neurological, and health effects such as
magnesium, lithium, zinc, iron, and vitamin B6, B1,
B12.1920 Arsenic, like most of the other metals, has
been found to be associated with neurological
disorders. Areas with a higher water arsenic level,
are associated with higher fetal and infant mortality,
developmental delay, diminished intellectual ability
and attention deficit disorders, compared to areas
with a lower water arsenic content2  High
aluminum levels have been found to be related to
encephalopathies and dementia2 Some studies
suggested that aluminum contributes to neurological
disorders such as Alzheimer's disease, Parkinson
disease, senile and pre-senile dementia, clumsiness
of movement and staggering while walking.? Trace
elements such as zinc, copper, lead and manganese,
al dter adenylate cyclase activity, this in turn
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affects neurotransmitter metabolism, and
consequently  produces  neurochemica  and
neurophysiological changes.’> An example is
manganese, which produces a profound influence on
dopamine metabolism.2* Trace elements may also
affect the metabolism of serotonin, gamma-amino
butyric acid and neuropeptides. In addition,
electrophysiological studies have shown that many
cations including zinc, nickel, cobat and
magnesium, decrease the excitability of the CNS.%
In 1985, Wecker et al* examined the concentration
of 14 elements in scalp hair samples from control,
autistic and autistic-like children. Results showed
significantly lower levels of calcium, magnesium,
copper, manganese, and chromium. They concluded
that concentration of trace elements in hair from
normal children differed from patterns observed in
both autistic and autistic-like children. Furthermore,
they suggested that hair analysis might have a
potential use as a diagnostic tool for autism.*

Neurochemical and neurophysiological evidence
indicated that trace elements markedly affect the
metabolism of neurotransmitters in the brain.
Behavioral studies showed that alteration in the
dietary intake of elements such asiron, manganese,
copper or zinc could lead to seizures, analgesia,
yawning-stretching syndrome and circulating
behavior in rats.% Exposure to mercury can cause
immune, sensory, heurological, motor and
behavioral dysfunction similar to symptoms and
signs associated with autism. Thimerosa, a
preservative added to many vaccines, has become a
major source of mercury in children in their first
years, many have received a quantity of mercury
that exceeds safety guidelines Since 1999,
thimerosal, has been removed from most vaccines
routinely recommended for infants and children, in
Europe, America, and some countries in Asia
including Saudi Arabia. However, it is still used in
the injectable influenza vaccine. Some infants and
toddlers may be exposed up to 35-125% over what
is considered safe, through vaccination. Many
parents of autistic children thought symptoms
worsened after receiving a vaccine.? Some parents
noticed that the timing of mercury administration
via vaccine coincides with the onset of autistic
syndromes.2

Heavy metals (including lead, mercury, cadmium,
nickel, aluminum) tend to concentrate in air and the
food chain along with other toxic metals, facilitating
metal poisoning, which is the most widespread
environmental disorder.2® Mercury and cadmium
from combustion emission is also accumulating in
costal and inland areas.? Lead exposure is primarily
from soil, paint chips, drinking water, fertilizers,
food, ceramics, cosmetics, gasoline, newsprint and
colored advertisement, rubbers toys, tap water,
tobacco smoke, and dust.® High levels of cadmium
are found in regions with high emissions from
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incinerators and car exhausts, as well asin shellfish,
art supplies, cigarette smoke, processed food,
fertilizers, fresh water fish, and batteries. Common
exposure to auminum includes auminum
cookware, antiperspirant, processed cheese,
processed food, medication (anti-diarrheal agents),
softened water, and tap water. Whereas common
sources of arsenic include antibiotics given to
commercial livestock, air pollution, drinking water,
fish, shellfish, herbicides, and meat from
commercially raised poultry. Alternatively, nickel,
which is highly toxic and causes an immune
reaction, is commonly found in dental crowns and
jewelry. Manganese and other metal exposure such
as cadmium, mercury, arsenic, silver, and copper
can occur through drinking water and denta
materials3  The most common significant
exposure for most people isto mercury vapor from
amalgam filling.® Likewise, amajor exposure source
for infant and young children is from placenta
transfer from their mother’'s amalgam filling and
breast feeding.s

Results from the current study demonstrated
significantly higher levels of toxic heavy metalsin
hair samples from children with autistic spectrum
disorders, such as, mercury, cadmium, lead,
antimony and arsenic. The most likely explanation
is as mentioned earlier, due to exposure to toxic
metals through drinking water, combustion
emission, soil, paint chips, fertilizers, food, car
exhausts, and so forth. However, a question might
be raised: children with autism spectrum disorders
are not the only children exposed to those toxic
hazardous conditions, normal children are also
exposed. The possible explanation for this is that
autistic children might lack the ability to detoxify
toxins, resulting in an accumulation of toxic
substances in the body, and leading to alterationsin
biochemical processes taking place in the body.
Therefore, heavy metal chelation therapy is
necessary in some cases. In contrast, children with
autistic spectrum disorders displayed lower levels of
some essential trace elements such as calcium,
copper, chromium, manganese, magnesium, iron,
selenium and cobalt. This might be due to less oral
intake, as they are very meticulous eaters with
eating problems. Daily oral supplementation should
be considered to overcome this.

Acknowledgment. The author wishes to express great
gratitude to all families and children who participated in the
study, without whom this work would not have been possible.
We extend great appreciation to Prof. Ali Al-Tuwajri for
support and help. Many thanks also to Dr. Ali Sowairi, Head of
Laboratory Section in King Abdul-Aziz University Hospital.
Special thanks for Prince Faisal Bin Fahad Center and Special
Education Academy. Many thanks to Mrs. Reem Al-Sehally for
support and help. Great appreciation to Mrs. Asma Al-Zamel
for her unending support. The author aso wishes to thank King
Abdul-Aziz City for Science and Technology for their financial
support (LGP-7-33).

References

1. Trottier G, Srivastava L, Walkev CD. Etiology of infantile
autism. A review of recent advances in genetic and
neurological research. J Psychiatry Neurosci 1999; 24:
103-115.

2. Fein D, Joy S, Green L, Waterhouse L. Autism and
pervasive developmental disorders. In: Fogel B, Schiffer R,
Rao S, editors. Neuropsychiatry. Batimore (MD):
Lippincott Williams & Wilkins; 1996.

3. Waterhouse L, Fein D, Modahl C. Neurofunctional
mechanisms in autism. Psychol Rev 1996; 103: 457-489.

4. Wecker L, Miller SB, Cohran SR. Trace element
concentration in hair from autistic children. J Ment Defic
Res 1985; 29: 15-22.

5. Boadi WY, Urbach J, Branes JM, Yannai S. In vitro
exposure to mercury and cadmium alters term human
placental membrane fluidity. Pharmocology 1989; 78:
289-296.

6. Clarkson TW. Reproductive and Developmental toxicity of
metals. Scand J Work Environ Health 1985; 11: 145-154.

7. Lutz E, Lind B, Herin P, Krakau |, Bui TH, Vahter M.
Concentration of mercury, cadmium and lead in brain and
kidney of second trimester fuse and infants. J Trace Elem
Med Biol 1999; 10: 61-67.

8. Widham B. Annotated Bibliography: Health effect related
to memory from amalgam filling and documented clinical
results of replacement of amalgam filling. Available from
URL: http//www.cgs.com/toxicmetal s.htm

9. Committee on Developmental Toxicicology Board on
Environmental Studies and Toxicology, Commission on
Life Sciences. Nationa Research Council. Washington
(DC); National Academy Press; 2000. p 313.

10. US Environmental Protection Agency. Hazardous Air
Pollutant Hazard Summary Fact Sheets, EPA: In risk
information system, & EPA spokesman, US News & World
report, (In the Air that they Breath) Science & News.
Available from URL: http://www.epa.gov/

11. Rimland B. On the objective diagnosis of infantile autism.
Acta Paedopsychiatr 1968; 35: 46-61.

12. Ludwig D, Centeno JA, Gemnel DJ. Andrew Jackson’s
exposure to mercury and lead. Poisoned president?. JAMA
1999; 282: 562-569.

13. Capel ID, Pinnock MH, Dorrell HM, Williams DC, Grant
EC. Comparison of concentrations of some trace, bulk, and
toxic metals in the hair of normal and dyslexic children.
Clin Chem 1981, 27: 879-881.

14. Gentile PS, Trentalange MJ, Zamichek W. Brief report:
trace elements in the hair of autistic and control children. J
Autistic Dev Disorder 1983; 13: 205-206.

15. Smith JB, Dwyer SD, Smith L. Cadmium evokes inoitol
polyphosphate formation and calcium mobilization.
Evidence for a cell surface receptors that cadmium
stimulate and Zink antagonizes. J Biol Chem 1989; 264:
7115-7118.

16. Goyer RA. Nationa Institute of Environmental Headth
Science. Toxic and essential metal interaction. Annu Rev
Nutr 1997; 17: 37-50.

17. Donaldson J. The pathophysiology of trace metal
neurctransmitter interaction in the CVS. Trends in

Pharmacological Science 1981, 2: 75-78.

18. Bernard S, Enayat A, Redwood L, Roger H, Binstock T.
Autism a novel form of mercury poisoning. Medical

Hypothesis 2001; 56: 462-471.

19. Aghdadli A, Gonnier V, Aussilloux C. Review of
psychopharmacological treatments in adolescents and
adults with autistic disorders. Encephale 2002; 28:
248-254.

20. Nye C, Brice A. Combined vitamin B6-magnesium
treatment in autism spectrum disorder. Cochrane Database

Syst Rev 2002; CD003497.

Neurosciences 2005; Vol. 10 (3) 217



21.
22.
23.

24,

25.

26.

Trace and heavy metalsin autistics ... Al-Ayadhi

Ryan PB. Exposure to Arsenic, Cadmium and Lead in
drinking water. Environ Health Perspect 2000; 108.
Bowlder NC, Beasly DS. Behavioral effects of aluminum
ingestion. Pharmacol Biochem Behav 1979; 10: 505-512.
Piyasirisilp S, Hemachudha T. Neurological adverse events
associated with vaccination. Curr Opin Neurol 2002; 15:
333-338.

Cotzia GC, Papavasiliou PS, Monall, Tang LG, Miller ST.
Manganese and catecholamine. Adv Neurol 1974; 5:
235-243.

Bonilla E. Increased GABA content in caudate nucleus of
rats after chronic manganese chloride administration. J
Neurochem 1978; 31: 551-552.

Pardeep S, Bimla N. Relationship Between Lead-Induced
Biological and Behavioral Changes with Trace Element
Concentrations in Rat Brain. Biol Trace Elem Res 2003;
92: 245-250.

27.

28.

29.

30.

31.

O’ Carrol RE, Masterson G, Dougall N, Ebmeer KD. The
neuropsychiatric squeal of mercury poisoning: The Med
Hatter's Disease revisited. Br J Psychiatry 1995; 167:
95-98.

Kaye JA, del Mar Melero-Montes M, Jick H. Mumps,
measles or rubella vaccine and the incidence of autism
recorded by general practitioner. BJM 2001; 322: 460-463.

International Water Specialist. Washington (DC). Available
from URL:
http//www.ehp.niehs.nih.gov/members/1994/suppl-1/113-1

39jogenson/jorgenson-full.html.

Grandjeam P, Jurgensen PJ, Weihe P. Milk as a source of
Methylmercury exposure in infants. Environ Health
Perspect 1944; 102: 74-77.

Vroom FQ, Greer M. Mercury vapors intoxication. Brain
1972; 305-318.

Dedication
This work is dedicated to my co((eague the late Dr. Ahmad Al-JarAllah (Consultant
Cf\léuropec{iatrician, King Khaled University Tfospimf, fRiyacffi), who gave me all the
support 1 needed when conducting my research on Autism, but did not [ive to see it
completed. May Allah grant him Jannah (Amen).
From the Editors: The Editors and Staff of Neurosciences extend their heartfelt
condolences to the fami(y, friem{s and cof[eagues of Dr. Ahmad ?lf-jar?lffaﬁ, a

aﬁstinguisﬁed and regpected’ member of the Neurosciences Community.

218 Neurosciences 2005; Vol. 10 (3)



