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Deve lopment of a Method for S a m p l i n g and 

A n a l y s i s of Metal F u m e s 

W. F. GUTKNECHT, M. B. RANADE, P. M. GROHSE, and A. S. DAMLE 
Research Triangle Institute, Research Triangle Park, NC 27709 
P. M. P. ELLER 
National Institute for Occupational Safety and Health, Cincinnati, OH 45226 

Fine dusts and fumes of metallic compounds are produced as a 
result of material handling and thermal processing operations 
involving metals and ores. The mechanism of dust production is 
primarily by comminution and the resulting particles range from one 
to several micrometers in size. Thermal operations involving 
vaporization produce much finer fumes in the 0.01 to 1 micrometer 
range. These dust and fume particles remain suspended in the work­
place atmosphere for long periods of time and expose workers to 
several health risks arising through inhalation of these particles. 

Inhaled particles can deposit in the respiratory system. 
Larger particles (several micrometers in size) are deposited in the 
ciliated portion and are cleared from the respiratory system by 
muco-ciliary action into the gastronomical tract, but may produce 
systemic toxic effects by absorption in body fluids. Finer parti­
cles reach the lower non-ciliated portion of the lungs, are cleared 
very slowly, and are responsible for diseases such as pneumoconi­
osis and lung cancer. Metallic lead (Pb), tellurium (Te), selenium 
(Se), and platinum (Pt) are known to cause both systemic and 
respiratory toxicity in laboratory animals and several cases of 
acute and chronic poisoning among metal workers have also been 
documented. 

A method for sampling and analysis of the metallic dusts and 
fumes is necessary to assess the exposure of workers to these dusts. 
Personal sampling devices are used to collect samples from the 
work-place atmosphere in a representative manner. The samples are 
then analyzed by convenient analytical techniques such as atomic 
absorption spectroscopy. 

The purpose of the present study is to develop and validate a 
method for sampling and analysing metal fumes. The techniques 
under examination are several of those presently prescribed by the 
National Institute for Occupational Safety and Health (NIOSH); they 
include collection of particles of the substance from the air by 
filters, the acid digestion of the filters, and measurement of the 
residue using atomic absorption spectroscopy. The several compo­
nents of the study are: 
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96 CHEMICAL HAZARDS IN T H E WORKPLACE 

• D e t e r m i n a t i o n o f the i n s t r u m e n t a l d e t e c t i o n l i m i t of a tomic 
a b s o r p t i o n s p e c t r o m e t r y and a l s o p r e c i s i o n as a f u n c t i o n o f 
c o n c e n t r a t i o n f o r the f o u r e lements l i s t e d . 

• V e r i f i c a t i o n t h a t p r e s e n t l y p r e s c r i b e d d i s s o l u t i o n p r o c e d u r e s 
w i l l r e s u l t i n g r e a t e r t h a n 90 p e r c e n t r e c o v e r y o f the e l e ­
ments d e p o s i t e d on t h e f i l t e r s i n the form o f p u r e m e t a l s o r 
compounds o f t h e m e t a l . 

•Development o f m o d i f i e d o r new d i s s o l u t i o n p r o c e d u r e s to 
r e p l a c e t h o s e n o t p r o v i d i n g s a t i s f a c t o r y r e c o v e r y . 

• G e n e r a t i o n and c o l l e c t i o n o f m e t a l fumes and d e t e r m i n a t i o n of 
c o l l e c t i o n e f f i c i e n c y . 

• C h a r a c t e r i z a t i o n o f t h e g e n e r a t e d fumes, i . e . , p a r t i c l e s . 

• A n a l y s i s o f the c o l l e c t e d fumes and d e t e r m i n a t i o n of the o v e r ­
a l l a c c u r a c y and p r e c i s i o n o f s a m p l i n g and a n a l y s i s f o r each 
fume. 

E x p e r i m e n t a l e f f o r t has been d e v o t e d i n p a r a l l e l to e v a l u a t e the 
s a m p l i n g o p e r a t i o n as w e l l as the a n a l y t i c p r o c e d u r e . 

The s a m p l i n g o p e r a t i o n i n v o l v e s c o l l e c t i o n o f an a e r o s o l 
sample t h a t i s r e p r e s e n t a t i v e o f the p a r t i c l e s i z e d i s t r i b u t i o n and 
c o n c e n t r a t i o n o f t h e sampled a tmosphere . The e f f i c i e n c y o f p a r t i ­
c l e t r a n s p o r t and c o l l e c t i o n o p e r a t i o n s a r e dependent on the 
p a r t i c l e s i z e , s a m p l i n g v e l o c i t y , the geometry o f t h e s a m p l i n g 
a p p a r a t u s and the p r o p e r t i e s o f the c o l l e c t i o n medium. I n the 
p r e s e n t work , a 37 mm d i a m e t e r membrane f i l t e r ( 0 . B ym p o r e s i z e ) 
i s the p r i m a r y c o l l e c t i o n medium under e v a l u a t i o n . The f i l t e r i s 
housed i n a s t a n d a r d f i l t e r c a s s e t t e and e f f e c t s o f f i l t e r - h o l d e r 
i n l e t geometry a r e a l s o b e i n g i n v e s t i g a t e d . 

The d i s s o l u t i o n and measurement e x p e r i m e n t s s t a r t w i t h a t t e m p t s 
to d i s s o l v e a sample (300 ug or l e s s ) o f a m e t a l or m e t a l compound 
s p e c i e s u s i n g the p r e s c r i b e d NIOSH p r o c e d u r e , f o l l o w e d by measure ­
ment u s i n g the NIOSH a t o m i c a b s o r p t i o n s p e c t r o m e t r i c (AAS) p r o c e ­
d u r e . I f 90 p e r c e n t r e c o v e r y o f t h e m e t a l i s n o t a c h i e v e d , the 
d i s s o l u t i o n p r o c e d u r e i s m o d i f i e d , o r changed c o m p l e t e l y , to 
a c h i e v e 90 p e r c e n t r e c o v e r y . From p r e v i o u s s t u d i e s , i t i s e x p e c t e d 
t h a t t h e m e t a l o x i d e s , and s e l e n i u m g e n e r a l l y , would pose p r o b l e m s . 
The NIOSH-AAS p r o c e d u r e s a r e t o be e v a l u a t e d a l s o , e s p e c i a l l y when 
t h e d i s s o l u t i o n m a t r i x i s c h a n g e d . The AAS d e t e c t i o n l i m i t s u s i n g 
s t a n d a r d s a r e d e t e r m i n e d t h r o u g h the measurement o f b l a n k s . 

E x p e r i m e n t a l 

1 . A e r o s o l S a m p l i n g S t u d i e s . M e t a l l i c fumes c a n be formed by 
a t o m i z a t i o n of m o l t e n m e t a l s , by c o n d e n s a t i o n o f m e t a l v a p o r s , and 
by e l e c t r i c d i s c h a r g e ( 1 ) . To r e a l i s t i c a l l y s i m u l a t e the m e t a l 
fumes e x p e c t e d f rom t h e r m a l p r o c e s s i n g and to c o v e r w o r s t - c o l l e c t i o n 
p r o p e r t i e s , a s i z e range o f 0 .01 to 1 m i c r o m e t e r s i s most d e s i r a b l e 
as a t a r g e t range i n the s e l e c t i o n o f a n a p p r o p r i a t e g e n e r a t i o n 
t e c h n i q u e . A c o n d e n s a t i o n t e c h n i q u e was s e l e c t e d i n t h i s s t u d y to 
g e n e r a t e fumes o f P b , Te and S e . P l a t i n u m was e x c l u d e d f rom fume 
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7. G U T K N E C H T E T A L . Metal Fumes 91 

s t u d i e s due to h i g h c o s t s . A f l o w chamber was used to c r e a t e a 
u n i f o r m a e r o s o l atmosphere f rom w h i c h samples were t a k e n f o r c o l ­
l e c t i o n e f f i c i e n c y s t u d i e s and to p r o d u c e f i l t e r s l o a d e d w i t h 
p r e s c r i b e d amounts of the a e r o s o l s f o r subsequent a n a l y t i c a l 
s t u d i e s . A s c h e m a t i c d i a g r a m o f the e x p e r i m e n t a l f a c i l i t y i s shown 
i n F i g u r e 1 . D e t a i l s o f the a e r o s o l g e n e r a t i o n and the c o l l e c t i o n 
chamber a r e d i s c u s s e d b e l o w . 

(a) A e r o s o l G e n e r a t i o n . The c o n d e n s a t i o n t e c h n i q u e f o r 
a e r o s o l g e n e r a t i o n has been used by s e v e r a l w o r k e r s to p r o d u c e 
s p h e r i c a l m e t a l l i c p a r t i c l e s i n s i z e s r a n g i n g f r o m 0 .01 to s e v e r a l 
m i c r o m e t e r s (_2, _3, j4) . The a p p a r a t u s shown s c h e m a t i c a l l y i n F i g u r e 
2 i s s i m i l a r to one used by Ranade, e t a l . (4) f o r g e n e r a t i o n of 
PbCl2 a e r o s o l s . The m a t e r i a l t o be a e r o s o l i z e d i s c o n t a i n e d i n a 
c e r a m i c b o a t p l a c e d i n a q u a r t z tube h e a t e d by an e l e c t r i c f u r n a c e . 
A c h r o m e 1 - a l u m e l t h e r m o c o u p l e i s used t o m o n i t o r the tempera ture of 
the c e r a m i c boat and a l s o a c t s as a s e n s o r f o r the f u r n a c e tempera ­
t u r e c o n t r o l l e r . A c o n s t a n t f l o w o f c l e a n , d r y N2 gas i s m a i n t a i n e d 
t h r o u g h the q u a r t z t u b e . The m e t a l v a p o r i s c a r r i e d out of the 
f u r n a c e w i t h N2 and condensed to form a p o l y d i s p e r s e a e r o s o l . The 
p r i m a r y a e r o s o l i s d i l u t e d by m i x i n g w i t h a f i l t e r e d d r y a i r s t r e a m . 
The d i l u t e d a e r o s o l i s t h e n r o u t e d to the chamber as r e q u i r e d and 
the excess a e r o s o l i s v e n t e d out t h r o u g h a g l a s s f i b e r f i l t e r . 

E f f e c t s o f c a r r i e r gas f l o w r a t e , d i l u t i o n f l o w r a t e , and the 
c o m b u s t i o n boat t e m p e r a t u r e were s t u d i e d by s a m p l i n g the a e r o s o l 
s t ream w i t h an e l e c t r i c a l a e r o s o l a n a l y z e r to o b t a i n the p a r t i c l e 
s i z e d i s t r i b u t i o n . F i l t e r samples were t a k e n f o r c h e m i c a l a n a l y s i s 
t o d e t e r m i n e mass c o n c e n t r a t i o n s . A e r o s o l samples were a l s o 
c o l l e c t e d i n an e l e c t r o s t a t i c sampler f o r e l e c t r o n m i c r o s c o p i c 
e x a m i n a t i o n . 

(b) A e r o s o l C h a r a c t e r i s t i c s . I n i t i a l t e s t s were made w i t h 
p o t a s s i u m c h l o r i d e as a s u r r o g a t e m a t e r i a l and showed l i t t l e i n f l u ­
ence of a i r f l o w r a t e on the s i z e d i s t r i b u t i o n i n the f l o w r a t e 
range of 1 to 5 l i t e r s / m i n (Lpm). The a e r o s o l o u t p u t , however , 
depended on the f l o w r a t e . Temperature showed a major e f f e c t on 
the a e r o s o l s i z e d i s t r i b u t i o n . I n the a e r o s o l g e n e r a t i o n e x p e r i ­
ments w i t h P b , T e , and S e , the N2 c a r r i e r gas f l o w r a t e was t h e r e ­
f o r e k e p t c o n s t a n t a t 3 Lpm. A d i l u t i o n a i r f l o w was m a i n t a i n e d a t 
8 Lpm. 

E f f e c t o f t e m p e r a t u r e was s t u d i e d by s t e p w i s e v a r i a t i o n of the 
t e m p e r a t u r e accompanied by a s i z e a n a l y s i s u s i n g the e l e c t r i c a l 
a e r o s o l a n a l y z e r . The s i z e d i s t r i b u t i o n d a t a f o r s e l e c t e d tempera­
t u r e s a r e shown i n F i g u r e s 3 t h r o u g h 5 f o r P b , T e , and S e , 
r e s p e c t i v e l y . The p a r t i c l e s i z e i n c r e a s e s as the g e n e r a t i o n 
t e m p e r a t u r e i s i n c r e a s e d . An a g i n g chamber was used w i t h the Te 
a e r o s o l i n some t e s t s and i n c r e a s e i n s i z e by c o a g u l a t i o n i n the 
a g i n g chamber i s a l s o e v i d e n t i n F i g u r e 4. 

S t a b l e a e r o s o l g e n e r a t i o n i s i m p o r t a n t to m a i n t a i n a s t a b l e 
atmosphere i n the chamber. Good s t a b i l i t y of the a e r o s o l s i z e 
d i s t r i b u t i o n and mass o u t p u t was o b s e r v e d f o r Pb a e r o s o l over 
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Figure 1. A schematic of the flow chamber for filter sample collection 
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Figure 2. Lead chloride aerosol generator 
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G U T K N E C H T E T A L . Metal Fumes 

Figure 3. Particle-size distribution for lead aerosols: furnace temperature (Φ) 
-840°C, (A) -895°C; carrier N2 flow rate ~ 3 Lpm 

50 90 

CUMULATIVE % SMALLER BY VOLUME 

Figure 4. Particle-size distribution of tellurium aerosols at various conditions: (O) 
500°C. Ο 455°C, (A) 500°C, (A) 455°C; (O, Q ) with coagulation, (A, A) 

without coagulation 
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s e v e r a l hours as shown i n F i g u r e 6. S i m i l a r s t a b i l i t y was o b s e r v e d 
f o r the Te a e r o s o l . P r e l i m i n a r y t e s t s w i t h Se a e r o s o l s showed low 
mass o u t p u t w h i c h d e c r e a s e d as g e n e r a t i o n was c o n t i n u e d over 
s e v e r a l h o u r s . Reasons f o r t h i s o c c u r a n c e a r e b e i n g e x p l o r e d . 

Based on t h e s e r e s u l t s , g e n e r a t i o n t e m p e r a t u r e s of 8 9 5 ° C and 
5 0 0 ° C were chosen f o r Pb and T e , r e s p e c t i v e l y . The a e r o s o l c h a r a c ­
t e r i s t i c s a r e g i v e n below i n T a b l e I . E l e c t r o n m i c r o s c o p i c 
e x a m i n a t i o n of t h e a e r o s o l samples showed s p h e r i c a l p a r t i c l e s i n 
the 0 .01 to 1 .0 ym s i z e r a n g e — i n agreement w i t h the e l e c t r i c a l 
a e r o s o l a n a l y z e r d a t a . 

T a b l e I . G e n e r a t i o n Temperature and A e r o s o l C h a r a c t e r i s t i c s 

Volume Median 
M e t a l Temperature D i a m e t e r , ym Mass O u t p u t , y g / m i n 

Pb 8 9 5 ° C 0 .10 47 

Te 5 0 0 ° C 0.12 62 

Se 3 7 5 ° C 0 .40 -
Se 4 0 0 ° C 0 .40 -

(c) T e s t Chamber and C o l l e c t i o n S t u d i e s . A p l e x i g l a s s chamber 
( 2 f x 2 f x 2 f , a c t i v e volume) was used as a t e s t chamber (see F i g u r e 1 ) . 
The t e s t a e r o s o l i s i n t r o d u c e d a t the top i n a f i l t e r e d a i r s t r e a m . 
The d i l u t e a e r o s o l i s d i s t r i b u t e d a c r o s s the chamber c r o s s s e c t i o n 
v i a s c r e e n s a t i n l e t and o u t l e t f o l l o w e d by a HEPA f i l t e r . A 
c e n t r i f u g a l b l o w e r i s used to m a i n t a i n a c o n s t a n t f l o w t h r o u g h the 
chamber as m o n i t o r e d by an o r i f i c e meter i n the i n l e t s e c t i o n . The 
chamber i s o p e r a t e d a t a s l i g h t l y n e g a t i v e p r e s s u r e ( « 2" H 2 0 ) to 
p r e v e n t l e a k s i n t o the work a r e a . 

The s a m p l i n g m a n i f o l d shown i n the i n s e r t i n F i g u r e 1 i s 
d e s i g n e d t o o b t a i n s i x r e p l i c a t e samples on 37 mm f i l t e r s i n c a s ­
s e t t e s . I n d i v i d u a l c r i t i c a l f l o w o r i f i c e s a r e used to r e g u l a t e the 
f l o w r a t e t h r o u g h each c a s s e t t e . The chamber atmosphere i s m o n i ­
t o r e d u s i n g an e l e c t r i c a l a e r o s o l a n a l y z e r . U n i f o r m i t y of the 
a e r o s o l c o n c e n t r a t i o n was checked by o b t a i n i n g s i x r e p l i c a t e 
samples o f Pb a e r o s o l f o l l o w e d by a tomic a b s o r p t i o n a n a l y s i s . The 
r e s u l t s a r e shown i n T a b l e I I and show good r e p r o d u c i b i l i t y . 

The chamber i s b e i n g used to produce r e p l i c a t e samples of P b , 
T e , and Se a t s e v e r a l l o a d i n g l e v e l s f o r the a n a l y t i c a l s t u d i e s . 
F i l t e r s a m p l i n g and c o l l e c t i o n e f f i c i e n c i e s a r e a l s o b e i n g e x p l o r e d 
u s i n g Pb a e r o s o l s and by v a r y i n g the sample f l o w r a t e t h r o u g h the 
37 mm f i l t e r c a s s e t t e s f rom 0 .1 to 4 . 0 Lpm. 

2. D i s s o l u t i o n S t u d i e s 

(a) E x p e r i m e n t a l A p p a r a t u s . A P e r k i n Elmer M o d e l 603 A t o m i c 
A b s o r p t i o n S p e c t r o p h o t o m e t e r e q u i p p e d w i t h an HGA-2100 h e a t e d 
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CUMULATIVE % SMALLER BY VOLUME 

Figure 5. Particle-size distribution of selenium aerosols: f | j 400°C, (O) 375°C 
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Figure 6. Particle-size distribution of lead aerosols at different times from start-up 
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T a b l e I I . R e s u l t s o f the Chamber U n i f o r m i t y T e s t s 

P o s i t i o n Pb D e p o s i t , F low Rate N o r m a l i z e d * 
# yg Through F i l t e r , Lpm Pb D e p o s i t , yg 

1 44 1.38 43.3 
2 42 1.30 43.9 
3 48 1.41 46.3 
4 45 1.38 44.3 
5 44 1.38 43.3 
6 43 1.30 45.0 

1.36 4 4 . 4 ± 1 . 1 
a v g . a v g . , s t d . d e v . 

* N o r m a l i z e d D e p o s i t = A c t u a l D e p o s i t χ A v e r a g e F l o w Rate 

T a b l e I I I . Ins t rument S e t t i n g s 

A „ o l . Λ Wavelength S l i t Background Element . . . 
A n a l y t e , N , N _ ° . _ A t o m i z a t i o n 

(nm) (nm) C o r r e c t i o n Source 

Pb 

Se 

Te 

Pt 

283 .3 

196.0 

214.3 

265.9 

0 .7 

2 . 0 

0 .2 

0 .7 

No E l e c t r o d e l e s s D i s ­
charge Lamp (EDL) 
a t 10 w a t t s 

Yes EDL a t 6 w a t t s 

Yes EDL a t 9 w a t t s 

Yes H o l l o w Cathode 
Lamp a t 30 ma 

A i r / 
A c e t y l e n e 
Flame 

1) A r / H 2
a 

2) A i r / 
A c e t y ­
l e n e 

A i r / 
A c e t y l e n e 
Flame 

E l e c t r o ­
t h e r m a l 
A t o m i z a -

c 
t i o n 

Used f o r a l l s p e c i e s e x c e p t NBS-Se i n s t e e l . 

3 U s e d f o r NBS-Se i n s t e e l . 

2Temp Program: D r y 1 1 0 ° C , 40 s e c ; Char 3 5 0 ° C , 20 s e c ; Atom 2 7 5 0 ° C , 
7 s e c . 50 yL i n j e c t i o n ; 10 sec i n t e g r a t i o n ; a r g o n purge g a s . 
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g r a p h i t e a t o m i z e r , a c o n v e n t i o n a l f l a m e a t o m i z e r i n c l u d i n g s i n g l e 
s l o t and t h r e e - s l o t b u r n e r h e a d s , a d e u t e r i u m a r c , background 
c o r r e c t i o n s y s t e m , h o l l o w cathode (HCL) and e l e c t r o d e l e s s d i s c h a r g e 
lamps (EDL) and a Model 56 r e c o r d e r were used d u r i n g the s t u d y . 
The g r a p h i t e f u r n a c e was l o a d e d m a n u a l l y u s i n g MLA m i c r o l i t e r 
p i p e t s . The i n s t r u m e n t s e t t i n g s used f o r the v a i o u s e lements a r e 
shown i n T a b l e I I I . 

(b) Sample P r e p a r a t i o n . I n i t i a l l y , d i s s o l u t i o n t e s t s were to 
be made u s i n g t e s t samples s i m u l a t i n g r e a l - w o r l d s a m p l e s . At tempts 
were made to d e p o s i t s p e c i e s upon c e l l u l o s e e s t e r f i l t e r s by 
s p r a y i n g a s l u r r y composed of the s p e c i e s i n w a t e r . I t was f o u n d 
d i f f i c u l t , however , to a c h i e v e a homogeneous s l u r r y , even w i t h the 
a d d i t i o n o f s u r f a c t a n t s . The mass o f sample d e p o s i t e d on the 
f i l t e r c o u l d n o t be r e l i a b l y r e l a t e d to the volume of s l u r r y 
d e p o s i t e d . Due to the d i f f i c u l t y i n o b t a i n i n g a c o n s t a n t w e i g h t 
f o r the c e l l u l o s e e s t e r f i l t e r s a t the yg l e v e l , w e i g h i n g c o u l d not 
be used to q u a n t i f y the d e p o s i t and t h i s work was d i s c o n t i n u e d . 
D e p o s i t i o n s were t h e n p e r f o r m e d by w e i g h i n g out the powder onto a 
1-cm T e f l o n d i s k w h i c h was p l a c e d i n the d i g e s t i o n f l a s k w i t h a 
f i l t e r . A minimum of s i x r e p l i c a t e s were p r e p a r e d i n t h i s manner 
f o r each s p e c i e s . 

(c) D i s s o l u t i o n and Measurement. The p r e s c r i b e d d i s s o l u t i o n 
and measurement p r o c e d u r e s f o r the P b , T e , Se and P t s p e c i e s were 
t e s t e d . M o d i f i c a t i o n s were made when r e c o v e r i e s g r e a t e r t h a n 90 
p e r c e n t were n o t a c h i e v e d . These m o d i f i c a t i o n s a r e d e s c r i b e d below 
and T a b l e IV shows the r e c o v e r i e s o b t a i n e d w i t h the NIOSH p r o c e ­
dures o r m o d i f i c a t i o n s o f t h e s e p r o c e d u r e s . 

L e a d . The e x i s t i n g NIOSH a n a l y t i c a l p r o c e d u r e f o r Pb i n 
a i r , S -341 , i n v o l v i n g d i s s o l u t i o n i n n i t r i c a c i d was d e v e l o p e d 
u s i n g Pb(N03)2 ( 5 ) . T h i s p r o c e d u r e was to be e v a l u a t e d u s i n g Pb 
m e t a l , PbO, P b 0 2 , P b S 2 and NBS-SRM 1579 (Pb i n p a i n t ) . The 
p r o c e d u r e y i e l d e d adequate r e c o v e r i e s and p r e c i s i o n f o r a l l s p e c i e s 
except P b 0 2 . W i t h the a d d i t i o n of 1 mL, 30 p e r c e n t H 2 0 2 , the o x i ­
d a t i o n s t a t e of l e a d was c o n v e r t e d from +4 to +2 and g r e a t e r t h a n 
90 p e r c e n t y i e l d s were t h e n o b t a i n e d f o r P b 0 2 . 

S e l e n i u m . The NIOSH method f o r Se i n a i r , S-190, 
d e s c r i b e s an e x t r a c t i o n p r o c e d u r e w h i c h u t i l i z e s 0 .1 Ν HNO3 ( 6 ) . 
T h i s p r o c e d u r e was d e v e l o p e d f o r K 2 S e 0 3 . The s p e c i e s Na2SeOi+, Se 
m e t a l , S e S 2 , S e 0 2 and NBS-SRM 339 (Se i n s t e e l ) were to be t e s t e d 
i n t h i s s t u d y . 

The NIOSH p r o c e d u r e was o r i g i n a l l y d e v e l o p e d i n o r d e r to a v o i d 
the m a t r i x e f f e c t s w h i c h a r i s e f rom a c i d - d i g e s t e d , c e l l u l o s e e s t e r 
f i l t e r s ; t h e s e e f f e c t s s u p p r e s s the s e l e n i u m s i g n a l a p p r o x i m a t e l y 
20 p e r c e n t when u s i n g the a r g o n ( A r ) / H 2 f lame (7). I n the e x t r a c ­
t i o n p r o c e d u r e , the f i l t e r remains complete and has no e f f e c t upon 
the a n a l y s i s . However, w h i l e the e x t r a c t i o n p r o c e d u r e g i v e s e x c e l ­
l e n t r e c o v e r i e s f o r a s o l u b l e s e l e n i u m s a l t s u c h as K 2 S e 0 3 , i t does 
not s o l u b i l i z e Se m e t a l o r NBS-SRM 339 (Se i n s t e e l ) . T h e r e f o r e , a 
d i g e s t i o n p r o c e d u r e was r e c o n s i d e r e d . S i n c e n i t r i c a c i d d i s s o l v e s 
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T a b l e I V . R e c o v e r i e s O b t a i n e d u s i n g NIOSH 
M o d i f i e d NIOSH P r o c e d u r e s 

o r 

S p e c i e s D i g e s t i o n 
P r o c e d u r e 

% R e c o v e r y 
% C o e f f i c i e n t 

of V a r i a n c e 

Pb S-341 9 4 . 5 ± 5 . 8 6 .1 

Pb M o d i f i e d * 1 0 3 . 3 ± 3 . 4 3 .3 

PbO S-341 9 2 . 9 ± 3 . 5 3 .8 

PbS S-341 9 2 . 6 ± 4 . 9 5 .3 

P b 0 2 S-341 8 1 . 6 ± 2 . 9 3 .5 

P b 0 2 M o d i f i e d 9 9 . 8 ± 1 . 3 1 .2 

Pb i n P a i n t S-341 9 4 . 5 ± 2 . 7 2 .9 

Pb i n P a i n t M o d i f i e d 9 3 . 9 ± 5 . 2 5 .5 

Se M o d i f i e d 9 2 . 6 ± 7 . 0 7.6 

N a 2 S e O i + M o d i f i e d 9 7 . 2 ± 4 . 4 · 4 .5 

S e S 2 M o d i f i e d 9 0 . 8 ± 5 . 3 5 .9 

S e 0 2 M o d i f i e d 9 1 . 3 ± 7 . 1 7.8 

Se i n S t e e l M o d i f i e d 9 0 . 6 ± 1 . 5 1 .6 

Te S-204 9 7 . 2 ± 5 . 3 5 .4 

Te M o d i f i e d 9 9 . 9 ± 5 . 4 5 .4 

Pt M o d i f i e d 9 4 . 2 ± 9 . 2 9 .7 

( N H I + ) 2 P t C l i + M o d i f i e d 9 6 . 7 ± 7 . 9 8 .2 

P t 0 2 M o d i f i e d 9 8 . 0 ± 9 . 5 9 .8 

M o d i f i e d p r o c e d u r e s were d e v e l o p e d and used when one or more 
s p e c i e s of a p a r t i c u l a r element d i d n o t y i e l d >90 p e r c e n t r e c o v e r y 
(see t e x t ) . 
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o n l y one of t h r e e forms of s e l e n i u m m e t a l , an aqua r e g i a d i g e s t i o n 
was examined. I t was d e c i d e d t h a t the f i l t e r i n t e r f e r e n c e c o u l d 
be d e a l t w i t h by e m p l o y i n g one of t h r e e p o s s i b l e p r o c e d u r e s : 

1 . e m p l o y i n g s t a n d a r d a d d i t i o n s and A r / H 2 f l a m e ; 

2. d i g e s t i n g s t a n d a r d s w i t h f i l t e r s added and u s i n g A r / H 2 

f l a m e ; o r 

3. u t i l i z i n g the s l i g h t l y l e s s s e n s i t i v e b u t h o t t e r a i r / 
a c e t y l e n e f l a m e . 

S i n c e maximum s e n s i t i v i t y was d e s i r e d , the f i r s t two p r o c e ­
d u r e s were c o n s i d e r e d . S t a n d a r d a d d i t i o n s p r o v e d s l i g h t l y more 
t ime consuming i n terms o f b o t h sample and d a t a m a n i p u l a t i o n s , 
t h e r e b y l e a v i n g t h e second o p t i o n as the p r o c e d u r e o f c h o i c e . T h i s 
p r o c e d u r e y i e l d e d >90 p e r c e n t r e c o v e r i e s f o r Se m e t a l , N a 2 S e 0 i + , 
S e S 2 and S e 0 2 . R e c o v e r i e s f o r NBS-SRM 339 were <10 p e r c e n t . I t 
was q u i c k l y r e a l i z e d t h a t the h i g h i r o n m a t r i x i n the sample was 
p l a y i n g a major r o l e i n s i g n a l d e p r e s s i o n , as the sample o t h e r w i s e 
appeared c o m p l e t e l y s o l u b i l i z e d . A l t h o u g h a d d i t i o n of i r o n to the 
s t a n d a r d s improved the r e c o v e r y to >90 p e r c e n t , the s e n s i t i v i t y was 
s t i l l p o o r , -,5-10 p e r c e n t o f t h a t o b t a i n e d i n an i r o n - f r e e m a t r i x . 
To r e d u c e t h i s e f f e c t , a h o t t e r a i r / a c e t y l e n e f l a m e was c h o s e n . 
S e n s i t i v i t y p r o v e d to be o n l y a f a c t o r of two lower t h a n t h a t 
o b t a i n e d w i t h the a r g o n / h y d r o g e n f l a m e ( i n absence of i n t e r f e r ­
e n c e s ) . R e c o v e r i e s were s t i l l >90 p e r c e n t . C o n s e q u e n t l y , s h o u l d 
t h e r e be any q u e s t i o n s r e g a r d i n g i n t e r f e r e n c e s i n the s a m p l e , one 
c o u l d s e l e c t the a i r / a c e t y l e n e f l a m e f o r any s e l e n i u m - i n - a i r 
a n a l y s i s w i t h o u t s e n s i t i v i t y s u f f e r i n g s i g n i f i c a n t l y . 

T e l l u r i u m . The NIOSH Method S-204 f o r a n a l y s i s o f Te i n 
a i r was o r i g i n a l l y d e v e l o p e d u s i n g T e ( 0 H ) 2 ( 8 ) . RTI a p p l i e d t h i s 
p r o c e d u r e to the a n a l y s i s o f the p u r e m e t a l . The p r o c e d u r e i n v o l v e s 
the use of b o t h n i t r i c and p e r c h l o r i c a c i d s d u r i n g the d i g e s t i o n . 
R e c o v e r i e s were e x c e l l e n t , ~97 p e r c e n t . An a d d i t i o n a l s e t of 
samples were s u b j e c t e d to a d i g e s t i o n i n v o l v i n g no p e r c h l o r i c a c i d , 
i . e . , n i t r i c a c i d o n l y . T h i s d i g e s t i o n y i e l d e d r e c o v e r i e s 
a v e r a g i n g 99 .9 p e r c e n t . S i n c e the a n a l y s t may w i s h t o a v o i d the 
use of p e r c h l o r i c a c i d wherever p o s s i b l e , he might opt f o r the l a t ­
t e r p r o c e d u r e . 

P l a t i n u m . The NIOSH Method S-191 was d e v e l o p e d f o r 
s o l u b l e P t s a l t s i n a i r ( 9 ) . The d i g e s t i o n i n v o l v e s the use of 
n i t r i c and p e r c h l o r i c a c i d s w h i c h a r e i n e f f e c t i v e w i t h P t m e t a l . 
T h e r e f o r e , i t was d e c i d e d to use a n i t r i c - h y d r o c h l o r i c a c i d 
d i g e s t i o n p r o c e d u r e . P t and ( N H i + ) 2 P t C l i + were r e c o v e r e d s a t i s ­
f a c t o r i l y b u t P t 0 2 appeared i n e r t t o the d i s s o l u t i o n m i x t u r e and 
r e c o v e r i e s f o r P t 0 2 were l e s s t h a n 5 p e r c e n t . However, P t 0 2 i s 
c o n v e r t e d to a m i x t u r e o f Pt m e t a l and PtO a t t e m p e r a t u r e s g r e a t e r 
t h a n 3 8 0 ° C (10 ) . T h e r e f o r e , a s e r i e s o f s i x r e p l i c a t e s were 
p r e p a r e d i n q u a r t z c r u c i b l e s . The samples ( w i t h f i l t e r s i n c l u d e d ) 
were f i r s t wet ashed i n the c r u c i b l e s w h i c h were t h e n p l a c e d i n an 
oven and h e a t e d to 5 0 0 ° C . The r e s i d u e was t h e n t r e a t e d w i t h aqua 
r e g i a as b e f o r e . R e c o v e r i e s s u b s e q u e n t l y a v e r a g e d >90 p e r c e n t w i t h 
a p r e c i s i o n o f about ± 1 0 p e r c e n t . 
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The e l e c t r o t h e r m a l AAS measurement o f P t i s l i n e a r to a p p r o x i ­
m a t e l y 2 yg/mL u s i n g 50 yL i n j e c t i o n s , above w h i c h a h i g h - p o i n t -
d e n s i t y c a l i b r a t i o n c u r v e i s a b s o l u t e l y n e c e s s a r y . P o o r e r 
p r e c i s i o n f o r p l a t i n u m s p e c i e s i s p r o b a b l y r e l a t e d to some degree 
to t h e g r a p h i t e f u r n a c e a n a l y s i s . More s p e c i f i c a l l y , the g r a p h i t e 
tube d e g r a d a t i o n a f f e c t s the s e n s i t i v i t y , t h e r e b y n e c e s s i t a t i n g 
f r e q u e n t s t a n d a r d i n j e c t i o n — o n the o r d e r of one s t a n d a r d e v e r y 
t h r e e o r f o u r s a m p l e s . G e n e r a l l y , p y r o l y t i c g r a p h i t e tubes have 
g r e a t e r l i f e t i m e s t h a n u n c o a t e d t u b e s . 

(d) D e t e c t i o n L i m i t s . I n s t r u m e n t a l d e t e c t i o n l i m i t s were 
d e t e r m i n e d f o r each o f the elements u s i n g s t a n d a r d s o l u t i o n s p r e ­
p a r e d and measured a c c o r d i n g to the m o d i f i e d p r o c e d u r e s d e s c r i b e d 
above . The d e t e c t i o n l i m i t s were c a l c u l a t e d as c o r r e s p o n d i n g to 
t w i c e the s t a n d a r d d e v i a t i o n of the b l a n k s , and a r e p r e s e n t e d i n 
T a b l e V . 

T a b l e V . I n s t r u m e n t a l D e t e c t i o n L i m i t s Based on Twice the 
S t a n d a r d D e v i a t i o n of the B l a n k 

Element 
S t a n d a r d Curve 

C o n c e n t r a t i o n 
Range, yg/mL 

D e t e c t i o n L i m i t Determined 
w i t h S t a n d a r d S o l u t i o n s , 

yg/mL 

Pb 0-80 0.27 

Pt 0 -0 .20 0.0030 

Se 0-40 0 .20 

Te 0-40 0.29 

Se ( i n s t e e l ) 0-64 1 .8 

Summary and C o n c l u s i o n s 

S a m p l i n g and a n a l y s i s o f s e v e r a l m e t a l fumes were i n v e s t i g a t e d 
i n o r d e r to d e v e l o p a r e l i a b l e method f o r m o n i t o r i n g work p l a c e 
a t m o s p h e r e s . S i g n i f i c a n t r e s u l t s a r e l i s t e d b e l o w . 

1 . L e a d , t e l l u r i u m , and s e l e n i u m a e r o s o l s i n 0 .01 to 1 micrometer 
s i z e range c o u l d be g e n e r a t e d u s i n g a c o n d e n s a t i o n a e r o s o l 
t e c h n i q u e . The p a r t i c l e s i z e i s dependent on the g e n e r a t i o n 
t e m p e r a t u r e . The a e r o s o l o u t p u t i s dependent on b o t h the 
g e n e r a t i o n tempera ture and the c a r r i e r gas f l o w r a t e . 

2. The s t a b i l i t y and r e p r o d u c i b i l i t y were e x c e l l e n t f o r l e a d and 
t e l l u r i u m a e r o s o l s . S e l e n i u m a e r o s o l o u t p u t d e c r e a s e d w i t h 
t ime a t a g i v e n t e m p e r a t u r e . 

3. The u n i f o r m i t y of a e r o s o l c o n c e n t r a t i o n i n the sample c o l l e c ­
t i o n chamber was e x c e l l e n t . 
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4. A nitric acid/hydrogen peroxide digestion was found to satis­
factorily solubilize a l l lead species in the study. 

5. In order to dissolve adequately a l l selenium species including 
selenium metal and selenium in steel samples, an aqua regia 
digestion procedure was used in lieu of the existing NIOSH 
extraction method. 

6. For platinum compounds, the nitric/perchloric acid digestion 
mixture used in NIOSH procedure S-191 was replaced with aqua 
regia to solubilize platinum metal. Platinum dioxide was 
solubilized by first heating the compound to >380°C to convert 
the Pt02 to the aqua regia-soluble forms of platinum metal and 
platinum monoxide. 

7. Tellurium metal was found to be recovered adequately not only 
with the NIOSH procedure using nitric acid/perchloric acid but 
also with a simple nitric acid procedure. 
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