
New Trace Element Determinations in the Fingernails of ALS Patients 

3 "3 o ~" 5̂ a 9 ° *"" 
o 
>> — o b c « o 

Ultlllli 
fifltftil 
fflSfliif 

D. J. Van Dalsem1 and L. Robinson 
Oak Ridge National Laboratory 

P.O. Box 2008 
Oak Ridge, TN 37831-6128 

and 

W. D. Ehmann 
University of Kentucky 
Chemistry Department 

Lexington, KY 40506-0055 

. „ Illi 
liHRKil 

"The submitted manuscript has been 
authored by a contractor of the U.S. 
Government under contract No. DE-
ACO^MagAMOAfttJrdngly. the U.S. 
GovemrrWr^^MrtP" /a nonexclusive, 
royalty-free Scsnse to pubSsh or reproduce 
the pubSshed form of this contribution, or 
alow others to do so. for U.S. Government 
purposes." 

iimmn 
Research sponsored by U.S. Department of Energy, under contract number 

DE-AC05-96OR22424 with Oak Ridge National Laboratory, 
managed by Lockheed Martin Energy Research Corp. 

'D. J. Van Dalsem is a post-doc from the University of Kentucky, working at Oak Ridge National 
Laboratory. 

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED & 

\ 9. ess 



New Trace Element Determinations in the Fingernails of ALS Patients 

D. J. Van Dalsem (U. of Kentucky), L. Robinson (ORNL), W. D. Ehmann (U. of Kentucky) 

INTRODUCTION 

Amyotrophic Lateral Sclerosis (ALS) afflicts 2 of every 100,000 people in the United 

States each year.1 A well known example of ALS today is Stephen Hawking. He is a theoretical 

physicist, the author of A Brief History of Time and is virtually immobilized by ALS. Diseases 

which cause progressive paralysis because of motor neuron degeneration in the central nervous 

system are termed motor neuron disorders (MND).2 Amyotrophic Lateral Sclerosis is a common 

form of MND. Pain-free, progressive muscular weakness is the most common clinical symptom. 

There is chronic weakness with atrophy of the affected muscles by the time the disease is 

diagnosed. Atrophy eventually results in wheelchair confinement and then only bed without the 

ability to speak or swallow. Death often occurs as a result of respiratory problems. Unlike other 

neurodegenerative diseases, in ALS the patient's bladder and bowel control, eye movement, and 

mental facilities are preserved. 

The question today is whether or not certain trace elements are involved in the etiology or 

pathogenesis of ALS. A collaborative study was undertaken by the University of Kentucky and 

Oak Ridge National Laboratory (ORNL) using neutron activation analysis (NAA) to study trace 

element concentrations in ALS patients' fingernails to determine if there existed statistically 

significant imbalances. 

EXPERIMENTAL 

Fingernail samples had been previously obtained using a stainless steel pair of clippers 

from eleven married couples living in the state of Kentucky.3 One person from each couple was 



a confirmed ALS subject while the spouse was not and thus was a control subject. Two 

additional ALS patients without spouses were also included in the study. Nail clippings were 

scraped with a synthetic quartz knife, cut if necessary and put into clean vials. Samples were 

washed according to the IAEA recommended method detailed elsewhere.4 The samples were air 

dried in an incubator-turned-glove box. Great care was taken to prevent trace element 

contamination, in particular Al, by using talc-free gloves throughout the sample handling 

procedures. 

For irradiations at ORNL's High Flux Isotope Reactor, samples were encapsulated in 

virgin polyethylene "rabbits." Of the two pneumatic tube facilities (PT-1 and PT-2) used, PT-1 

had the higher thermal neutron fluence rate, 4.0 x 1018 n m"2 s"1. The thermal to epithermal 

neutron ratio was 35. PT-2 had a thermal neutron fluence rate of 5.0 x 1017 n m"2 s"1 and a 

thermal to epithermal neutron ratio of 120. Both PT-1 and PT-2 were used to determine the Al 

concentration in fingernails because any differences between the results would have indicated a 

first order interference for Al determination, 31P(n,a)28Al, a common interference in human tissue 

analysis by NAA. 

Samples were irradiated in PT-2 for one minute and counted for two minutes as soon as 

possible after irradiation for Al. After one week or more of decay, the samples were reirradiated 

in PT-1 for thirty seconds and counted for two minutes again as soon as possible after irradiation 

for Al, Ca, Cu, Mg, and S. Following a decay of two hours, the samples were recounted for one 

hour for CI, K, Mn, and Na. 

Gamma-ray counting was conducted on an n-type HPGe coaxial photon detector with a 

relative efficiency of 39.6%. A shaping time of 2 //s was used to minimize deadtime losses. The 

full width at half maximum of the detector with a 2 ^s shaping time was 2.2 keV. A Canberra 



AccuSpec (Version 3) data acquisition computer card and a 486-33MHz computer were used for 

data reduction and storage. The amplifier and ADC were equipped to correct for pulse pileup. 

RESULTS 

The results of this study can be found in Table 1. All elements displayed a logarithmic 

distribution. Of the nine elements determined during this study, only the Cu concentration 

showed any statistically significant difference between ALS patients and the control patients. 

Therefore, a more detailed study of the Cu concentration in ALS fingernails is in order with 

experimental parameters optimized for the determination of Cu. 
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TABLE 1 

Elemental Concentrations in Fingernails (mg/kg) 

Element 

Control 
Geom. Mean */- SEMa 

(n=ll) 

ALS 
Geom. Mean */- SEMa 

(n=13) P b 

Al 44.4*/-1.90 33.1 */- 1.76 0.242 

Ca 759*/-1.59 569*/-1.39 0.366 

CI 474*/-1.84 543 */- 2.65 0.125 

Cu 8.56*/-1.57 6.06 */-1.44 0.048 

K 82.3 */- 2.42 134*/-1.91 0.405 

Mg 163*/-1.82 148*/-1.93 0.226 

Mn 0.609 */- 2.67 0.401 */- 1.82 0.272 

Na 129*/-2.20 172*/-2.88 0.308 

S 19500*/- 1.17 19900*/-1.06 0.472 

aGeometric mean of a logarithmic distribution multiplied or divided by the 
standard error of the geometric mean. 

bProbabilitiy of no difference between the elemental concentration in ALS 
patient fingernails and control patient fingernails. A value of iO.05 indicates 
a statistically significant difference at the 95% confidence interval. 


