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Abstract

Persistent exposur e to high levels of heavy metals and trace elements has been implicated in
autism spectrum disorders (ASDs). This study was performed to investigate the levels of
heavy metals and trace elementsin hair samples of patientswith ASDs. Retr ospective analy-
sis of data from 58 children with ASDs with the mean age of 6.31+4.12 years between Jan.
2004 and Oct. 2008 was performed at King Khalid University Hospital, Riyadh. Hair sam-
ples were sent to Micro Trace Mineral Gmbh, Laboratory for Clinical and Environmental
Analysis, Hersbruck, Germany for heavy metals and trace elements analysis. Acceptable
laboratory reference ranges were used for interpretation of results. Majority of the children
(93.1%) were males. Among the 13 heavy metals and trace elements detected in higher con-
centrations uranium was present in 23 (39.6%), tellurium in 21 (36.2%), mercury in 15
(25.8%), strontium in 15 (25.8%), aluminum in 14 (24.1%) and nickel in 12 (20.6%) pa-
tients. High levels of heavy metals and trace elements detected in Saudi children with ASDs
indicate environmental exposure. Further investigations are recommended for assessment of
the environmental hazard in theregion.
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| ntroduction bination of genetic and environmental factors eslgc
exposure to metals in the etiology of ASDs themefap-
Autism  spectrum disorders (ASDs) are neurofears to be strong and cannot be ignored.
developmental childhood disorders of unknown etjglo
characterized by impaired verbal and nonverbal comm Because of the widespread environmental contaroimati
nication and social interactions associated wittrest- Of heavy metals it is rather difficult to avoid pistent
typed patterns of behavior and interests [1]. Germid  €xposure to metals. Although lead, cadmium, arsanét
environmental factors have been implicated in tiserd ~ aluminum have been implicated in ASDs but the evide
der [2]. Exposure to heavy metals because of fhatien-  supporting mercury as an etiological agent is nuwe-
tial to cause developmental neurotoxicity is bedigto be  vincing [10,11]. A study investigating relationshiye-
among the major risk factors [3,4]. Differentiapegssion  tween autism symptoms and body burden of toxic Isieta
of a large number of genes has be shown to cazrelgh ~ has revealed a significant positive associatioween the
blood levels of lead and mercury in children witls@  severity of autism and the relative body burdertoafc
[5,6]. High blood levels of mercury during variogevel- ~ metals [12]. These observations gain further supfpom
opmental stages consequent to genetically reduaitity a the fact that following chelation therapy for rerabwf
to excrete mercury has been shown to cause immginolo heavy metals from the body almost all the patievith
cal, neurological and behavioral abnormalities vergi-  autism have been shown to exhibit clinical improeem
lar to those seen in ASDs [7-9]. The likelihoodaofom-  [13]. It is therefore quite conceivable that agest their
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role as etiological agents persistent exposure étals
may also contribute to the clinical manifestatiool
ASDs. This study retrospectively examines the tesof
heavy metal and trace element screening of childiém
ASDs at King Khalid University Hospital in Riyadh.

Methods

After obtaining the departmental approval data were
lected from the records of 58 Saudi patients wiBDA at
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Ultrapure water was used for final sample dilutzoml the
analysis was performed by inductively coupled pkasm
with mass spectrometry (ICP-MS) utilizing colli-
sion/reaction cell methods coupled with ion-molecul
chemistry. Certified hair standards and in-houaadsrds
were used as part of the laboratory validationesiults.
This being a retrospective study lacking normaltcds
the results were interpreted by comparing patieata d
with the normal laboratory reference ranges.

King Khalid University Hospital. The patients were Results

screened for the presence of heavy metals and ¢lace

ments during the period between 2004 and 2008. ThiBhe majority of the children with ASDs (81%) were e

group of patients included 54 male and 4 femalesptst

ther equal to or less than seven years of age. btae

with the mean age of 6.34#2 years (range 2-18 years). ponderance was evident as 93.1% of the total @mildr
The diagnosis of ASD was made in accordance with thinvestigated were male. Fig 1 describes the patttuar-

standardized criteria provided in the American Riatcic
Association's Diagnostic and Statistical Manual-1V.

Hair samples from the patients were obtained close
scalp from the occipital area in a biohazard bdmp Jam-
ples were sent to Micro Trace Mineral Ghmb, Labamat

ious heavy metals and trace elements detected daheve
acceptable laboratory limits in hair samples frostignts
with ASDs. Out of the 58 patients investigated Highest
number of patients 23 (39.6%) were found to have in
creased levels of uranium. The other remarkahl#irfgs
were 21 (36.2%) patients with high levels of tellon

for Clinical and Environmental Analysis, Hersbruck, followed by mercury in 15 (25.8%), strontium in 15
Germany for the estimation of heavy metals andetrac(2s 895), aluminum in 14 (24.1%) and nickel in 12

elements. Briefly, the analytical procedure invaolves-
peated washing of hair samples with de-ionizedrdete
followed by rinsing of the samples with de-ionizsdter
and drying in a specially-designated oven beforeghve
ing. The samples were then digested with certifiedal-
free acids in a closed-vessel microwave digestystes.

(20.6%) patients. Table 1 shows data for the detect
range and the mean concentration of each heavyl meta
and trace element expressed as parts per millainitare
found to be higher than the acceptable laboratoryd in

the patients.

This article may be cited as:
Almogren A, Shakoor Z, Almomen A, Hasanato RMW.véls of heavy metal and trace element among cimildieh
Autism spectrum disorders. Curr Pediatr Res 20132} 79-83.

Table 1. Analysis of heavy metals and trace elements in 58 patients with Autism Spectrum Disorders

S. No. Element No. (%) Minimum  Maximum Mean+«d Acceptable Range
1. Aluminum 14 (24.1) 8.250 16.940 11.5432.5609 <8.00
2. Antimony 6 (10.3) 0.650 0.850 0.650H:42889 <0.60
3. Bismuth 4 (6) 0.480 3.200 2.183880223 <0.270
4. Lead 3(5) 3.910 5.400 4.9029:86198 <3.00
5. Mercury 15 (25.8) 0.700 17.620 2.0894.81575 <0.60
6. Nickel 12 (20.6) 0.520 3.920 1.598®00869 <0.50
7. Silver 4 (6) 0.820 2.860 1.35821400066 <0.700
8. Tantalum 7(12) 0.012 0.300 0.0610.10621 <0.011
9. Tellurium 21 (36.2) 0.012 0.040 0.028®-61374 <0.010
10. Tin 3(5) 0.880 1.210 1.09900+19226 <0.700
11. Uranium 23 (39.6) 0.090 0.910 0.3500.24694 <0.080
12. lodine 2(3.4) 9.510 9.510 9.510@-60000 <4.650
13. Strontium 15 (25.8) 4.930 36.760 14.9000+9839 <4.280

Levels of heavy metals and trace elements expressed as parts per million (ppm)
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Figure 1. Pattern of heavy metal and trace element dis-
tribution above the normal acceptable levels in parts per
million (ppm) among children with Autism Spectrum Dis-
orders.

Discussion

The most remarkable observation in the presenystiac
detection of high levels of uranium in the hair péas
from almost 40% of children with ASDs. In additioa-
rying proportions of the patients were also foundave
increased levels of other metals. Data regardingctien
of uranium in autistic children are scarce. A stdidym
Kuwait comparing levels of toxic metals in hair sdes
from children suffering from autism with normal cder-
parts found significantly high levels of lead, mascand
uranium in autistic children [14]. Animal studiesing

during the Gulf War | through inhalation of depkigra-
nium aerosol detected in the war veterans uniié gears
after the war [20] indicates a significant envirantal
hazard. A recently published review addressingue of
depleted uranium in Gulf war has linked exposurede
pleted uranium with emergence of a relatively mage
gressive form of Kaposi sarcoma in Southern Iralj.[2
Although controversies still surround the impacusé of
depleted uranium in the Gulf war the detection ighbr
concentration of uranium in the solid particulatati@r in
surface air in Kuwait [22] appears to importantisTimay
not only be relevant to the observations made énpite-
sent study but could be very significant particylam the
backdrop of a study reporting high levels of uramiun
children with autism in Kuwait [14].

A significant number of children in the presentdstinad
high levels of mercury in their hair samples. A to@mof
studies point to a link between autism and merexpo-
sure especially in the early years of life [23-28]gher
level of mercury has been found in baby teeth doddcb
of autistic children [26]. Similarly, strikingly gh levels
of hair mercury have been reported among four terse
years old boys from Kuwait [14]. In contrast togbdind-
ings significantly low levels of mercury in thedirbaby
haircuts of children with autism have also beeroreu
[27]. It is possible that impaired elimination okraury in
autistic children may result in accumulation of may to
toxic levels over the years. In line with theseeshations
repeated administration of vaccines with mercunytain-
ing preservative thiomersal to autistic childrenyrpase a
serious threat of neurtoxicity. This was evidenaimimal
studies that following injection of thimersal coniag
vaccines compared to blood levels significantly hieig
concentration of mercury was found in the braisues
and it was postulated the it may remain at markédi
levels for months and years because of repeatezimeac
tions [28]. Aluminum commonly used as an adjuvamt i
vaccines has also been implicated in neurtoxiaityai

embedded depleted uranium fragments have shown thagmber of studies [29-31]. Detection of high levels

uranium exhibits predilection for hippocampus asitae
for its retention in the central nervous system iaral po-
tent inducer of electro-physiological changes [5&ni-
larly, experiments performed on neonatal rats usiclip-

aluminum in children with ASDs (24.1%) in the pnese
study could be relevant to the associated neurcabgief-
icit.

active uranium€%U) have clearly demonstrated uranium High levels of tellurium were also detected in tesr
induced adverse effects on growth and behaviorgalonsamples of over 36% of the children with ASDs irs th

with the induction of biochemical changes in thaitr
[16]. Exposure to uranium especially in the earict

study. Little is known about the role of telluriumASDs
and the relevant data are lacking. It is a nonrdide

hood may therefore because of its chemical ancaraditrace element and its biological role has not belearly

tional effects could contribute to neuro-developtakn

abnormalities associated with ASDs.

Depleted uranium a by-product of uranium enrichnignt

relatively less radioactive compared to naturalniuna
[17]. Apart from its wide range of military applitans
depleted uranium is commonly used in glasswargneer
ics, containers and in radiation shields in medezplip-
ment [18,19]. Evidence of exposure to depleted iuran
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established to date. The inorganic and organiarteth
derivatives have been shown to be highly toxic tfoe
central nervous system in rodents [32]. In additioese
derivatives are also capable of causing a markeaction
in cholesterol biosynthesis resulting in degradatif
myelin causing demyelination of peripheral nerv@3]|
The neurotoxicity associated with tellurium and dks-
rivatives may therefore contribute to neurologiabhor-
malities in ASDs. Similarly there are no data aalali on
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the role of strontium in ASDs a trace element Hat also 4.
been considered to have a potential to cause mgjical
damage [34].

5.
Increased levels of metals and trace elementsiirshm-
ples from Saudi children with ASDs have been regubrt
in the past [35]. Compared to the findings of thespnt
study the previous study did not measure uraniead | 5

levels were found to be high whereas only threé&dm
in the present study had high lead levels. Nickakw
found to be high in 20.6% of the children in thegant
study which was reported to be lower than the cisin
the previous study. Similarly cadmium and arsenéren
significantly high in the previous study whereasi@mf
the patients in the present study was found to liyle g
levels of these two elements. The differences @séhtwo
studies form the Kingdom of Saudi Arabia could he d

to regional variation as the previously reportadigtwas
from the central part of the Kingdom whereas thier-
mation in the present study could not be retrieved.

Conclusion

A number of important observations were made in th&o'

present study regarding the heavy metals and ebee
ments analysis in the hair samples of the childséth
ASDs that may reflect the environment exposurengei
retrospective analysis the study was however linkig

the lack of matching controls. Large scale prospect 1o

studies for assessment of heavy metals and traoeeats
are recommended for further evaluation of Sauddotn
with ASDs particularly in the back drop of high é&dw of
uranium in a sizeable number of patients deteateithe

present study. 13.
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