
This article was downloaded by: [CDC Public Health Library & Information Center]
On: 15 August 2013, At: 12:35
Publisher: Routledge
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-41 Mortimer Street, London W1T
3JH, UK

Archives of Environmental Health: An International Journal
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/vzeh20

Mercury in Human Hair
Peter J. Nord PhD a , Murali P. Kadaba MS a & John R. J. Sorenson PhD a
a Department of Environmental Health , College of Medicine, University of Cincinnati , Cincinnati
Published online: 02 May 2013.

To cite this article: Peter J. Nord PhD , Murali P. Kadaba MS & John R. J. Sorenson PhD (1973) Mercury in Human Hair, Archives of Environmental Health: An
International Journal, 27:1, 40-44, DOI: 10.1080/00039896.1973.10666305

To link to this article:  http://dx.doi.org/10.1080/00039896.1973.10666305

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no representations or warranties whatsoever as to the accuracy, completeness, or
suitability for any purpose of the Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and should be independently verified
with primary sources of information. Taylor and Francis shall not be liable for any losses, actions, claims, proceedings, demands, costs, expenses,
damages, and other liabilities whatsoever or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the
use of the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic reproduction, redistribution, reselling,
loan, sub-licensing, systematic supply, or distribution in any form to anyone is expressly forbidden. Terms & Conditions of access and use can be
found at http://www.tandfonline.com/page/terms-and-conditions

http://www.tandfonline.com/loi/vzeh20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00039896.1973.10666305
http://dx.doi.org/10.1080/00039896.1973.10666305
http://www.tandfonline.com/page/terms-and-conditions


Mercury in Human Hair 
A Study of the Residents of Los Alamos, NM, and Pasadena, Calif, 
by Cold Vapor Atomic Absorption Spectrophotometry 

Peter J. Nord, PhD; MuraU P. Kadaba, MS; John R. J. Sorenson, PhD, Cincinnati 

Rapid digestion and quantitative mercury 
recovery are obtained when hair is digested 
in a mixture of nitric acid, sulfuric acid, and 
potassium permanganate. The studies were 
done on replicate samples drawn from a 
large homogeneous hair sample used as a 
standard reference. The method was ap­
plied to hair samples from 80 men and 147 
women, long-term residents of Los Alamos, 
NM, and 99 women, long-term residents of 
Pasadena, Calif. The geometric mean of 
the mercury concentration found in the 
hair samples was: Los Alamos, 18.0 p.g/gm 
(men) and 18.9 p.g/gm (women); Pasadena, 
25.0 p.g/gm. Values ranged from 5 p.g/gm 
to over 100 p.g/gm. The mean values found 
are higher than previously reported. The 
results suggest that there may be differ­
ences in the environmental exposure of 
the two populations to mercury. 

I n the past few years an intense in­
terest has developed with regard 

to deposition and distribution of mer­
cury in man's environment. Mercury 
content of body hair has been used as 
an indicator of environmental expo­
sure. Scalp hair mercury content has 
been determined in patients with 
MinaI!lata disease in Japan. 1 In an-
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other Japanese study,2 which includ­
ed Americans, Japanese, and Ne­
palese, a good correlation was found 
between the mercury content of scalp 
hair and the amount of fish con­
sumed. In Sweden, mercury content 
of axillary and chest hair has been 
used to evaluate exposure in fishing 
communities. 3 Canadian forensic 
workers,4,5 investigating the concen­
tration of 18 metals in scalp hair, de­
termined that the distribution of hair 
metal concentration is unique enough 
to permit the identification of an indi­
vidual in a manner similar to identi­
fication by fingerprint analysis. The 
goal of the present work was to deter­
mine the range of scalp hair mercury 
levels using atomic absorption spec­
trophotometry and to identify geo­
graphical variations associated with 
industrialization within the United 
States. 

Because mercury content of hair 
has been used as an indicator of ex­
posure, we investigated the possi­
bility of distinguishing differences in 
mercury exposure between an indus­
trialized urban population and a non­
industrialized suburban population 
on the basis of hair mercury content. 
As part of this study, hair mercury 
concentration is being determined in 
eight urban-suburban locations in 
the United States. Hair samples were 
obtained by Tepper and Levin in con-

junction with their survey of air and 
population lead levels in selected 
American communities. In this pre­
liminary report, data on two western 
communities are presented to demon­
strate that, with regard to this toxic 
nonessential metal, people have high­
er hair levels in industrial urban 
areas than in nonindustrial suburban 
areas. 

Accurate determination of mercu­
ry, as well as other trace materials, is 
often very difficult due to losses ofthe 
material, which may occur during 
chemical treatment of the sample. 
This is particularly troublesome if a 
volatile compound of the material is 
formed during such treatment. Losses 
may be detected by adding a known 
amount of the metal to several sam­
ples of a standard sample. The results 
of analysis of these samples will show 
complete recovery of the added metal 
if there are no losses during the pro­
cedure. All careful work involving 
analytical methods should include 
recovery studies. 

Often in analysis, a convenient 
precise method is chosen and relative 
differences between samples and 
blanks are reported without mention 
of recovery. Sumino1 and Yamaguchi 
et al2 used colorimetric and cold vapor 
atomic absorption methods, respec­
tively, to determine total mercury in 
hair, but did not include an evalua-
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tion of recovery. Tejning!! and Perkins 
and Jervis4,5 used neutron activation 
to determine the concentration of 
mercury in hair. Perkins and Jervis4 

calculated the accuracy of this 
method to be about 2% to 10% for 
mercury. They obtained values rang­
ing from 1.1lLg/gm to 55.3ILg/gm in a 
small group of individuals. One indi­
vidual varied from 8.0ILg/gm to 
53.3ILg/gm in the time from 1947 to 
1961. Later Perkins and Jervis5 ana­
lyzed 600 Canadian hair samples and 
found a concentration range of 
OlLg/gm to 5ILg/gm· 

We used the cold vapor atomic ab­
sorption spectrophotometric adapta­
tion described by Hatch and Ott.6 In 
our first efforts, we used several met­
als for the determination of samples 
that had been digested by heating 
with concentrated nitric acid. The 
result was very poor recovery. How­
ever, using a mixture of nitric acid, 
sulfuric acid, and potassium per­
manganate, we obtained satisfactory 
recovery and accuracy. We have dem­
onstrated that this method is particu­
larly useful for hair mercury analysis 
in that excellent recovery of added 
metal has been achieved even when 
the additions are made prior to diges­
tion ofthe hair. 

For development and recovery 
work one requires a standard sample 
with homogeneous metal content. 
Our standard sample was composed 
of hair from one individual finely cut 
and blended. This hair sample is re­
ferred to as the standard reference 
hair sample. It was used as the sam­
ple in the method development and 
recovery studies and was analyzed 
once a day during the routine analy­
sis. Portions of the same standard 
reference hair sample were used in 
the work of Sorenson et al in the pre­
vious paper (see page 36). 

Applying these two digesting 
methods to the standard reference 
hair we have shown that the concen­
tration of mercury obtained with the 
nitric acid method was only 10% to 
30% of that obtained with the per­
manganate method. This method has 
also been successfully used to deter­
mine mercury content of National 
Bureau of Standards, Standard Refer­
ence Material 1571, Orchard Leaves 
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Table l.-Recovery of Mercury Added 
to Standard Hair Samples* 

p,g p,g ± SE 
Added Recovered 0/0 Recovery 
0.20 0.209 ± 0.024 104.5 ± 12.3 
0.50 0.564 ± 0.055 112.8±11.1 
0.70 0.746 ± 0.023 106.5 ± 3.3 

*Ten samples were used at the 0.20pcg and 
0.50pcg levels and five samples were used at 
the 0.70pcg level. 

Table 2. - Duplicate Determinations of 
Mercury in Hair 

Sample No. p,g Hg/30 mg 
C-0511 0.69,0.87 
C-0608 0.27,0.27 
C-0548 1.35, 1.20 
C-0505 0.75,0.81 
C-0478 0.27,0.33 
C-0604 0.48,0.51 
C-0642 0.21,0.21 
C-0524 0.75,0.84 
C-0545 0.96,0.99 
C-0676 0.15,0.18 

SRM (1571), as a demonstration of 
accuracy. 

Methods 

Theory.-In the cold-vapor method of 
mercury determination, the sample is 
chemically digested. Mercury in the sam­
ple solution is reduced to metallic mercury 
by stannous chloride. A stream of air is 
passed through the sample solution carry­
ing the volatile metallic mercury to a gas 
cell. The spectrophotometer passes a beam 
of ultraviolet light of wavelength 253.65 
nm through the cell. The beam is absorbed 
by the mercury vapor. The absorbance due 
to mercury in the sample is compared with 
the absorbance due to mercury in standard 
solutions of known concentrations. The 
concentration of mercury in the sample is 
found by interpolating the sample absorb­
ance with that due to the known solutions. 
This is known as the method of interpola­
tion.7 

Sample Collection. - Hair samples 
were collected during the first half of 1969 
from 80 men and 147 women residents of 
Los Alamos, NM, and 99 women residents 
of Pasadena, Calif. The individuals had 
been residents of the same general neigh­
borhood in their respective cities for at 
least five years prior to sample collection. 
This residency was required to ensure that 
the sample collected would reflect only 
exposure from the test area. Samples were 
not collected by our interviewer, but were 
mailed to Kettering Laboratory at the in­
dividual's convenience. The average sam­
ple weight was about 1 gm. 

Hair samples were washed, air-dried, 
and placed in glassine bags in a cardboard 
box as standard procedure (see page 36). 
The standard reference hair sample con­
sisted of 10 gm of hair donated by a woman 
volunteer from our laboratory. It was fine­
ly cut (2 to 3 rom), blended by stirring in 
water, dried, washed by the standard pro­
cedure (see page 36), and stored in a 
covered acid-washed beaker. The drying 
procedure supplied by the National Bu­
reau of Standards was followed in the 
preparationofSRM 1571. 

Reagents. - Standard analytical grade 
reagents and deionized distilled water 
were used throughout this procedure. A 
stock solution of 100 ppm of mercury was 
made from mercuric nitrate. From this a 1 
ppm solution was made fresh daily. 

Apparatus. - An atomic absorption 
spectrophotometer was adapted by replac­
ing the burner with a gas cell made of 
glass tubing 9.5 cm long with an outside 
diameter of 2.4 cm. Quartz windows cut 
from old hollow cathode lamps were ce­
mented on each end. Side arms attached 1 
cm from the ends of the tube served as en­
trance and exit for the gaseous sample. 

Ambient air was pumped in polyvinyl 
chloride tubing through a rotameter and 
needle valve to regulate the flow to 4 
ml/sec. The air passed to the reaction ves­
sel, which was a 250-ml widemouth Erlen­
meyer flask. The flask was fitted with a 
rubber stopper containing air inlet and 
outlet tubes as well as a burette, so that 
the reducing agent could be added while 
the system was closed to prevent loss of 
mercury vapor. The air entered the sample 
solution through a fritted glass gassing 
tube. When the stannous chloride was 
added from the burette, the bubbling air 
provided adequate mixing of the sample 
solution and reagents. 

Air from the reaction flask carried mer­
cury vapor through a drying tube made 
from glass tubing 10 cm by 2.5 cm in diam­
eter. The drying tube prevented contami­
nation of the gas cell with water from the 
reaction vessel. Two drying agents were 
tried, and it was found that anhydrous 
magnesium perchlorate was more satisfac­
tory than anhydrous calcium sulfate. 

The air containing mercury vapor 
passed from the drying tube through the 
plastic tubing to the gas cell where the 
photometric measurements were made. 
The exit tube of the gas cell was vented to 
the hood of the atomic absorption spectro­
photometer. 

Analytical Procedure.-Hair samples 
of about 0.03 gm were accurately weighed, 
placed in 250-ml wide-mouth Erlenmeyer 
flasks, and treated with 10 ml of concen­
trated sulfuric acid. One gram of crystal-
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line potassium permanganate was added, 
followed by 15 ml of concentrated nitric 
acid, which was added directly onto the 
hair sample with an automatic pipette. 
Cautious addition of the acid prevents 
splashing while providing a gentle mixing 
of the reagents. To avoid loss of hair onto 
the flask's sides and resultant incomplete 
digestion, samples were not shaken. 

Digestion of the sample was complete in 
two hours. This digestion was done with­
out heating. It is important to note that 
mercury was not recovered from samples 
digested with nitric acid alone, aqua regia, 
a commercially available toluene solution 
of a quaternary ammonium hydroxide 
compound, and an aqueous solution of tet­
ramethylammonium hydroxide. Sanning 
(oral communication, March 1972) sug­
gests that, in the present method, mercury 
is not lost as long as the permanganate 
purple color is maintained in the sample 
prior to analysis. It is absolutely essential 
that there be an excess of permanganate 
added to the digest solution. One gram of 
SRM 1571 required slightly more time to 
digest and about 2 gm more of potassium 
permanganate than the hair samples. Af­
ter digestion, the samples were diluted to 
about 125 ml with water. 

While the samples were being diluted, 
the atomic absorption spectrophotometer 
was warmed up. A flask filled with 125 ml 
of water was connected to the apparatus. 
The absorbance due to air bubbling 
through this flask was used to set the base 
line absorbance. Excess permanganate in 
the first sample flask was reduced with 2 
ml of 20% hydroxylamine. The sample 
flask was connected to the apparatus, re­
placing the flask filled with water. Two 
milliliters of 20% stannous chloride was 
added to the sample solution with the 
burette. The metallic mercury formed 
from the reduction of the sample by the 
stannous chloride was swept by the air 
stream through the drying tube and into 
the gas cell where the ultraviolet absorp­
tion of mercury at the 253.65 nm line was 
measured. 

When maximum absorption at the IX 
scale expansion occurred, a flask of water 
was substituted for the sample. Air bub­
bling through the water flushed the sys­
tem, reestablishing base line absorption. 
Using this procedure, we have been able to 
conveniently analyze 50 hair samples a 
day. It was noted that base line drift oc­
curred after a large number of samples. 
The drift could be minimized if the sample 
cell was washed with a detergent solution, 
rinsed with deionized water, and air-dried 
after every 100 determinations. 

Mercury standard solutions were pre­
pared by addition of 0.2, 0.5, and 0.7 mlof 
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Fig 2.-Hair mercury levels, Los Alamos and Pasadena women. 
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a 1-ppm mercury standard solution to 
flasks containing 125 ml of 10% nitric 
acid. A micropipette was used to make 
these additions. The plot of absorbance vs 
concentration for the standard solutions 
became nonlinear when more than 1JLg of 
mercury was present in the reaction ves­
sel. We found that a 30-mg sample of hair 
usually gave an absorbance in the linear 
range of our standard curve. In the event 
that the absorption was not in the linear 
range, a sample smaller than 30 mg was 
analyzed. Reagent blank values were de­
termined with each set of samples and 
were subtracted from sample values. 
However, blank values rarely differed 
from zero. 

Results 

To evaluate the precision of this 
method, recovery of added mercury 
was studied by adding 0.2, 0.5, and 
0.7 ml of I-ppm mercuric nitrate solu­
tion to 30-mg samples of the standard 
reference hair. It is important to 
point out that these additions were 
made prior to digestion. Results of 
this study are given in Table 1. These 
data demonstrate the value of this 
method for mercury analysis. We 
obtained essentially quantitative 
recovery of the added mercury. Mer­
cury recovery is very often poor due to 
losses during the digestion and subse­
quent chemical treatment of the 
sample. In our experience with this 
method, recovery is consistently good. 

Additional evidence for the preci­
sion of this method has been obtained 
by repeated analysis of hair samples 
from different individuals. Ten sam­
ples of the standard reference hair 
were analyzed by the method of addi­
tions9 described above. The concentra­
tion obtained with this method was 
0.35/Lg of mercury per 30 mg of hair, 
with a standard deviation (SD) of 
0.06/Lg. As anticipated, analysis by 
the interpolation method10 gives the 
same value. Duplicate analysis, with 
use of the interpolation method, of 
hair samples from different individ­
uals in our study have provided the 
data presented in Table 2. These are 
samples selected at random and sub­
jected to the digestion and analysis 
procedure on different days. A SD for 
the duplicate analyses was computed, 
using the method given by Kaiser. 9 

The SD of the double analyses listed 
in Table 2 was 0.06/Lg. This clearly 
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indicates the precision of hair mercu­
ry determination, and suggests that 
the hair clippings from an individual 
are relatively homogeneous with re­
gard to metal content. 

To evaluate the accuracy of our 
method, duplicate l-gm samples of 
the SRM 1571 were analyzed by the 
same procedure. The mercury concen­
tration in each was determined to be 
0.13/Lg/gm of sample. The SRM 1571 
carried a provisionally certified mer­
cury concentration of 0.155/Lg/gm of 
sample. 

To further substantiate our accura­
cy, we have evaluated possible inter­
ferences associated with this spectro­
photometric method of analysis. It 
has been clearly established that 
light scatter and nonspecific molecu­
lar absorption interferences are ab­
sent. Background absorption due to 
these two types of interferences were 
evaluated by sample irradiation with 
a silicon lamp, which produces a 
wavelength of 250 nm, in place of 
the mercury lamp, which produces a 
wavelength of 254 nm. No absorption 
of the shorter wavelength was ob­
served. There was also no difference 
in absorption when an instrument 
equipped with a continuous-source 
compensation system7 was used to 
measure concentration. Finally, the 
lack of chemical interferences was 
indicated by the excellent recovery of 
mercury in our study. Further evi­
dence that the absorption measure in 
each sample was due solely to the 
presence of mercury in the cell was 
obtained in the following manner: 
With the mercury lamp in place and 
air bubbling through a sample, no 
absorption was recorded until the 
stannous chloride was added. 

Having established that this is an 
accurate method, we then undertook 
the analysis of hair samples from Los 
Alamos and Pasadena. The objective 
ofthis work was to evaluate the possi­
bility that the industrialized Pasa­
dena area could be distinguished 
from the nonindustrialized Los Ala­
mos area based upon the hair mercu­
ry content. The initial assumption 
was that the residents ofnonindustri­
al areas would have a relatively 
lower exposure to mercury than those 
of industrial areas. If this assumption 

was correct, then mercury hair con­
centration in the Los Alamos resi­
dents would be less than that of the 
Pasadena residents. 

Populations sampled in this study 
were derived from women volunteers 
in Pasadena as well as men and wom­
en volunteers in Los Alamos. It was 
expected that the hair mercury con­
centration would be representative of 
the total intake from air, food, and 
water. Husbands of 80 women partici­
pants in Los Alamos were sampled to 
evaluate a possible sex difference. 
Most of these men were employed by 
the Los Alamos Scientific Laboratory. 
The ambient air of the Los Alamos 
Scientific Laboratory probably did not 
vary from that of the suburban com­
munity of Los Alamos. It was also as­
sumed that both husband and wife in 
this group consumed food and water 
from the same source and in general 
had the same exposure to mercury. 

The data presented in Fig 1 com­
pare the concentration of mercury 
found in hair with frequency from Los 
Alamos men and women. Frequency 
is the fraction of the samples occur­
ring in the concentration ranges indi­
cated, expressed as percent. The aver­
age hair mercury concentration for 
the 80 men sampled was 20.1/Lg/gm 
while that of the 146 women was 
20.8/Lg/gm. The geometric mean for 
the men was 18.0ILg/gm and 18.9/Lg/ 
gm for the women. A sample contain­
ing 680lLg/gm from an individual 
in the group of Los Alamos women 
was excluded from the calculation 
of the arithmetic mean but was 
included in the geometric mean. 
There were no samples of less than 
5/Lg/gm obtained from either city. 
The frequency distribution is similar 
in all concentration ranges for both 
the men and women of the Los Ala­
mos sample. The occurrence of more 
samples with greater than 40/Lg/gm 
found for the women probably is re­
lated to the larger number of women 
sampled. The conclusion is that these 
men and women cannot be distin­
guished on the basis of their hair 
mercury content. 

Figure 2 is the histogram obtained 
when hair mercury concentrations 
found in women from Los Alamos are 
compared with the sample population 

Mercury in Hair/Nord et al 43 

D
ow

nl
oa

de
d 

by
 [

C
D

C
 P

ub
lic

 H
ea

lth
 L

ib
ra

ry
 &

 I
nf

or
m

at
io

n 
C

en
te

r]
 a

t 1
2:

35
 1

5 
A

ug
us

t 2
01

3 



of 98 Pasadena women. The concen­
tration of 410JLg/gm obtained for one 
of the Pasadena women was discard­
ed when the average hair mercury 
concentration, 29.6JLg/gm was calcu­
lated. The geometric mean for all 
values, including the 410JLg/gm val­
ue, obtained for the Pasadena women 
was 25.0JLg/gm. This value, compared 
to those obtained for the other areas 
studied, was the largest. Comparison 
of the average hair mercury concen­
tration obtained for the women of Los 
Alamos, 20.8JLg/gm with that ob­
tained for the women of Pasadena, 
29.6JLg/gm strongly suggests that 
there is a large difference with regard 
to exposure in these two communi­
ties. Closer inspection of the histo­
gram in Fig 2 reveals that there are 
interesting differences in frequency 
at the various concentration levels. 
The comparison of OJLg/gm to 
10JLg/gm, 21JLg/gm to 30JLg/gm, and 
31JLg/gm to 40JLg/gm illustrates an 
absence of any differences in frequen­
cy in these ranges. That is, these two 
populations do not differ with regard 
to percent of the population having 
these concentrations of mercury in 
their hair. More importantly it can be 
seen that there are a greater number 
of Los Alamos samples than of Pasa­
dena samples, occurring in the 
llJLg/gm to 20JLg/gm range, 48% vs 
27%. In addition 20% ofthe Pasadena 
samples contain greater than 
40JLg/gm while only 3% of the Los 
Alamos samples occur in this range. 
In summary, analysis of hair samples 
from Los Alamos and Pasadena 
shows that the percent of men and 
women from Los Alamos in each con­
centration range is the same, but dif­
ferent from that of Pasadena women. 
Los Alamos women have been distin­
guished from Pasadena women with 
regard to average hair mercury con­
centration. The Los Alamos women 
had a higher frequency in the lower 
concentration range, while Pasadena 
women had a higher frequency in the 
higher concentration range. Since 
hair samples were not collected from 
Pasadena men, we have limited our 
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interarea comparison to the women 
populations. 

Frequently, a question is raised 
concerning possible changes in metal 
content due to direct contact of exter­
nal agents with hair. Metals in air 
are usually associated with particu­
late matter or aerosols. Both particu­
lates and aerosols are unlikely to re­
lease metals to binding sites in the 
hair protein, due to a protective coat­
ing of natural oils on the hairshaft, 
and should be removed easily by 
washing. Inhalation of particulates 
and aerosols offers a more likely route 
for incorporation of atmospheric air 
metal into hair. There is certainly 
more risk of exogenous contamina­
tion of hair in occupational exposure. 
However, it would require frequent 
contact of hair with solutions of high 
metal content, a most unusual occu­
pational exposure. 

Absorption of metals from cosmetic 
exposure is a possibility. Cosmetic 
exposure is likely to occur in any area 
with equal probability and would not 
bias a survey. However, those who 
wish to use hair for the assessment of 
exposure of one individual should be 
cautioned to sample new growth from 
the nape of the neck where cosmetic 
exposure may be minimized. 

Comment 

The values we have obtained for 
the concentration of mercury in hair 
are somewhat larger than that re­
ported by Eyl et apo as "normal" 
(lOJLg/gm). In addition, some of these 
values are much larger than those 
reported by Eylll as the highest total 
of mercury found to have no sympto­
matic effects in adults, 96JLg/gm to 
185JLg/gm. A known fatal level of 
500JLg/gm has been reported by 
EyP2 but we have obtained values of 
410JLg/gm and 680JLg/gm in our se­
lected populations. 

Since it is well known that a num­
ber of procedures for mercury analy­
sis are associated with losses of this 
metal, we wonder whether or not the 
previously reported "record values" 
found in asymptomatic individuals 

might be low values. Recovery 
studies are sometimes not done to aid 
in the evaluation ofthe method or are 
done and not reported. 

It is essential that analytical 
methods requiring sample digestion 
be evaluated by recovery of the ana­
lyte from a standard reference ma­
terial. This would allow interlabora­
tory comparison of data, and would 
permit a more meaningful conclusion 
with regard to the question(s) being 
considered. 

This investigation was supported by National 
Institute of Occupational Safety and Health 
grant OH-00337 and National Institute of Envi­
ronmental Sciences grants ES-00159 and ES-
00042. In addition this work was supported in 
part by a contract from the National Institute of 
Occupational Safety and Health, HSM-99-0SH-
114 (2), Study of factors affecting removal of dust 
from the lungs. Dr. L. B. Tepper obtained hair 
samples and Drs. H. G. Peterint and E. Binfham 
supplied the equipment. 
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