
ZINC OXIDE IN  WORKPLACE ATMOSPHERES 

M ethod Number: 

M a tr ix :  

OSHA P e r m is s ib l e  E x p o su re  L i m i t s   
Z in c  O x ide  Fume ( F i n a l  R u le  L i m i t ) : 

ID -143 

A ir  

5  mg/m3 Time W eigh ted  A v erag e  (TWA)  
10 mg/m3 S h o rt-T e rm  E x p o su re  L im it   
(STEL) 

Z in c  O x ide  D ust ( F in a l  R u le  L im it)   
R e s p i r a b l e  F r a c t i o n :  
T o t a l  D u s t:  

5 mg/m3 TWA  
10 mg/m3 TWA 

Z in c  O x ide  Fume ( T r a n s i t i o n a l  L im i t ) :  5 mg/m3 TWA 

Z in c  O x ide  D u st ( T r a n s i t i o n a l  L im it)   
R e s p i r a b l e  F r a c t i o n :  
T o t a l  D u s t:  

C o l l e c t i o n  D e v ic e : 

Recommended S am p lin g  R a te :  

Recommended A i r  Volum e: 

A n a l y t i c a l  P ro c e d u re :  

D e te c t io n  L im i ts   
Q u a l i t a t i v e :  

Q u a n t i t a t i v e :  

P r e c i s io n  and  A c cu racy   
V a l id a t io n  R ange: 

CV1 

M ethod C l a s s i f i c a t i o n :  

D a te  (D a te  R e v is e d ) :  

5 mg/m3 TWA  
15 mg/m3 TWA 

A t a r e d ,  5 - µm, 37-mm p o ly v in y l   
c h lo r i d e  f i l t e r  i s  u se d  w ith  a   
p e r s o n a l  s a m p lin g  pump 

2 L /m in 

30 L (STEL), 960 L (TWA) 

A s u s p e n s io n  o f  th e  sam p le  p a r t i c u l a t e   
i n  t e t r a h y d r o f u r a n  (THF) i s  c r e a t e d  by  
d i s s o l v in g  th e  sam p le  f i l t e r  i n  THF  
and  th e n  s o n i c a t i n g .  The sam p le   
p a r t i c u l a t e  i s  th e n  d e p o s i t e d  o n to  a   
s i l v e r  membrane f i l t e r  and  a n a ly z e d  by  
X -ra y  d i f f r a c t i o n .  

30 µg  z in c  o x id e  

50 µg z in c  o x id e  

2 .5  to  10 mg/m3 (2 0 0 -L  a i r  sa m p le )  

0 .0 5  

V a l id a te d  Method 

1985 (M arch, 1989) 
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C om m ercia l m a n u f a c tu r e r s  and  p r o d u c ts  m en tio n e d  i n  t h i s  m ethod a r e  f o r   
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S im i la r  p r o d u c ts  from  o t h e r  s o u rc e s  ca n  b e  s u b s t i t u t e d .  

D iv is io n  o f  P h y s ic a l  M easurem ents and I n o r g a n ic  A n a ly se s   
OSHA T e c h n ic a l  C e n te r  

S a l t  Lake C i ty ,  U tah  
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1 . I n t r o d u c t i o n  

T h is  m ethod d e s c r i b e s  th e  c o l l e c t i o n  o f  a i r b o r n e  z in c  o x id e  (ZnO) i n  th e   

b r e a t h in g  zo n e  o f  p e r s o n n e l  and th e  s u b s e q u e n t a n a l y s i s  by X -ray   

d i f f r a c t i o n  (XRD). 

1 .1 .  H is to r y  

1 . 1 . 1 .  T h e re  h av e  b een  s e v e r a l  m ethods u se d  to  a n a ly z e  f o r  ZnO.  

T h e se  in c lu d e  a to m ic  a b s o r p t io n  (AA), c o lo r im e t r y ,   

g r a v im e t r y ,  t i t r a m e t r y ,  and XRD. The XRD d e te r m in a t io n  o f   

t h r e e  o r  m ore l i n e s  i s  c o n s id e r e d  th e  p r e f e r r e d  m ethod ,  

b e c a u s e  ZnO can  be d i s t i n g u i s h e d  from  o t h e r  compounds o f   

z in c  (Z n) o r  m e t a l l i c  Zn. A ls o , th e  d i f f r a c t i o n  m ethod i s   

l e s s  t e d io u s  th a n  m ost a l t e r n a t i v e  m eth o d s . 

1 . 1 . 2 .  The p r e v io u s  a n a l y t i c a l  m ethod ( 8 . 1 . )  u s e d  by th e  OSHA  

S a l t  Lake C i ty  T e c h n ic a l  C e n te r  (OSHA-SLTC) was an  AA  

m eth o d . Z in c  o x id e  was c o l l e c t e d  o n  a  c e l l u l o s e  membrane  

f i l t e r ,  d i g e s t e d ,  and a n a ly z e d  a c c o r d in g  to  r e f e r e n c e  8 .1 .   

The AA m ethod was n o t  s p e c i f i c  f o r  ZnO s in c e  o n ly  Zn i s   

a n a ly z e d .  

1 .2 .  P r i n c i p l e  

A sa m p le  i s  c o l l e c t e d  by d raw in g  a i r  a t  a p p ro x im a te ly  2 L /min   

th ro u g h  a. p re -w e ig h e d  p o ly v in y l  c h lo r i d e  (PVC) f i l t e r .  The f i l t e r   

i s  p o s t-w e ig h e d  b e f o r e  s u b m is s io n  to  th e  l a b  f o r  a n a l y s i s .  At th e   

l a b o r a t o r y ,  th e  f i l t e r  i s  d i s s o lv e d  in  t e t r a h y d r o f u r a n  (TH F), th e   

sam p le  p a r t i c u l a t e  i s  su sp en d e d  i n  th e  THF, and  th e n  d e p o s i te d  on  

a  s i l v e r  m em brane. The membrane i s  a n a ly z e d  by XRD. The X -ray   

te c h n iq u e  i s  b a se d  on th e  B ragg  e q u a t io n :  

n ƛ  = 2d s i n  Ɵ

W here: 
n = o r d e r  o f  d i f f r a c t e d  beam  
ƛ  = w a v e le n g th  o f  X -ray  beam 
d = d i s t a n c e  betw een  d i f f r a c t i n g  p la n e s  ( i n  a n g s tro m s )  
Ɵ  = a n g le  be tw een  in c id e n t  X -ra y s  and th e  d i f f r a c t i n g  

p la n e s  ( i n  d e g re e s )  

N o te : M ost X -ray  s p e c t r o m e te r s  a r e  d e s ig n e d  to  s c a n  u s in g   
d e g re e s  2 Ɵ

1 .3 .  A d v a n ta g e s  and  D is a d v a n ta g e s  

1 . 3 . 1 .  T h is  m ethod i s  s p e c i f i c  f o r  ZnO; XRD ca n  d i s t i n g u i s h  
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1 .4 .  

c r y s t a l  s t r u c t u r e  b a sed  on th e  B ragg  e q u a t io n .  The m ethod  

d o e s  n o t  d i s t i n g u i s h  betw een  d u s t  o r  fume fo rm s o f  ZnO. 

1 .3 .2 .   Z in c  o x id e  can  be i d e n t i f i e d  and  q u a n t i f i e d  on th r e e  o r   

more d i f f e r e n t  a n g le s  o f  d i f f r a c t i o n . 

1 .3 .3 .   I n t e r f e r e n c e s  can  b e  m in im ized  by u s in g , a l t e r n a t e  a n g le s   

o f  d i f f r a c t i o n ,  c o m p u te r - a s s i s te d  m ethods o f  i n t e g r a t i o n ,   

o r  w ide  a n g le  s c a n s  and s u b s e q u e n t  l i n e  m a tc h in g  w ith   

d i f f r a c t i o n  p a t t e r n  l i b r a r i e s .  

1 . 3 . 4 .   T h is  m ethod i s  a c c u r a te  and  o f f e r s  b e t t e r  s e n s i t i v i t y   

com pared to  p re v io u s  m ethods o f  a n a l y s i s .  

1 . 3 . 5 .   Sam ple p r e p a r a t i o n  i s  s im p le  and a n a l y s i s  can  be c o m p u te r-  

c o n t r o l l e d  and a u to m a te d . A ls o , sam p le  p r e p a r a t i o n  and  

a n a l y s i s  in v o lv e s  a  n o n - d e s t r u c t iv e  te c h n iq u e .  Sam ples  

ca n  be r e a n a ly z e d  a t  a  l a t e r  d a t e .  

1 . 3 . 6 .   A d i s a d v a n ta g e  i s  th e  h ig h  c o s t  o f  i n s t r u m e n ta t io n ,   

e s p e c i a l l y  i f  e q u ip p e d  w ith  co m p u te r h a rd w a re . 

1 . 3 . 7 .   A n o th e r  d is a d v a n ta g e  i s  th e  s o p h i s t i c a t e d  m a in te n a n c e   

r e q u i r e d  f o r  th e  i n s t r u m e n ta t io n .  

P h y s ic a l  and C hem ica l P r o p e r t i e s  o f  ZnO ( 8 . 2 . )  

CAS N o .: 
C hem ica l Sym bol:  
Synonym s: 
F orm ula  W eigh t:  
C r y s t a l l i n e  Form:  
S p e c i f i c  G r a v i ty :  
M e lt in g  P o in t :   
S o l u b i l i t y * :  

C o lo r :  

1 3 1 4 -1 3 -2  
ZnO 
c h in a  w h i te ,  z in c  w h i te ,  z i n c i t e  
8 1 .3 7  
h e x a g o n a l 
5 .6 0 6  
1975 °C 
0 .0 0 0 1 6  g /1 0 0  mL w a te r  a t   
29 °C; s o lu b l e  i n  m in e r a l   
a c i d s ,  d i l u t e  a c e t i c  a c id  and  
ammonium c h lo r i d e   
w h ite  

* T e s ts  c o n d u c te d  a t  th e  OSHA la b  i n d i c a t e d  th e  s o l u b i l i t y  o f  ZnO  
i n  s u s p e n d in g  m ed ia  su c h  a s  2 -p ro p a n o l  o r  THF was i n s i g n i f i c a n t .   
Z in c  o x id e  i s  s l i g h t l y  s o lu b le  i n  w a te r .  

1 .5 .   U ses 

O c c u p a tio n s  w ith  p o t e n t i a l  e x p o s u re s  to  Zn and Zn compounds a r e   

l i s t e d  ( 8 . 3 . ) :  
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A llo y  and  e l e c t r i c  f u s e  m akers  
P r i n t i n g  p l a t e  m akers 

R o o fin g  m akers 
M e ta l c u t t e r s  

S h ip y a rd  W orkers  
A r c  w e ld e rs  

E l e c t r i c  m e t a l l i z e r s ,  g a lv a n i z e r s  and e l e c t r o p l a t e r s   
Z in c , b r a s s  and  b ro n z e  fo u n d ry  w o r k e r s  

M e ta l s p r a y e r s   
B r a z ie r s  

P a in t  m a n u fa c tu re r s   
Smel t e r s  

Ju n k  m e ta l  r e f i n e r s  

2 .  A n a l y t i c a l  W orking Range 

2 .1 .  Q u a l i t a t i v e  d e t e c t i o n  l i m i t s  when u s in g  t y p i c a l  i n s t r u m e n ta l   

c o n d i t io n s  a r e :  

D i f f r a c t i o n  
P eak  

P r im a ry  ( 1 ' )  
T e r t i a r y  ( 3 ' )   
Q u a te rn a ry  ( 4 ' )   
Q u in te r n a r y  ( 5 ' )  

P eak   
º 2 Ɵ 

3 6 .3 0  
3 4 .4 6  
5 6 .6 2  
6 2 .8 8  

I n t e g r a t i o n   
Time ( s e c )  

1 
1 
1 
1 

D e te c t io n   
L im it  ( µg ) 

30 
30 
30 
30 

N o te : 2 Ɵ p e a k s  a r e  more in f o r m a t iv e  th a n  a b s o l u t e .  
v a ry  s l i g h t l y .  

P eak  v a lu e s  may 

2 .2 .   The q u a n t i t a t i v e  d e t e c t i o n  l i m i t  f o r  th e  a n a l y t i c a l  m ethod was 

50  µg .  The d e te r m in a t io n  was p e rfo rm e d  u s in g  th e  p r im a ry  o r  m ost  

s e n s i t i v e  ZnO d i f f r a c t i o n  l i n e .  

2 .3 .   The r a n g e  f o r  sa m p le s  c o n ta in in g  m ix tu re s  and i m p u r i t i e s  i s   

d e p e n d e n t upon th e  am ount o f  i n t e r f e r i n g  s u b s ta n c e s  and  X -ra y   

a b s o r b in g  s u b s ta n c e s  p r e s e n t .  A t o t a l  sam p le  w e ig h t in  th e  ra n g e   

o f  0 .1  to  3 mg i s  recom m ended. Sam ples w i th  w e ig h ts  i n  e x c e s s  o f   

3 mg can  b e  a n a ly z e d  by d e p o s i t io n  o n to  m u l t ip l e  s i l v e r   

m em branes. 

3 .   M ethod P e rfo rm a n c e  

3 .1 .   The o v e r a l l  c o e f f i c i e n t  o f  v a r i a t i o n  (CV) f o r  ZnO fume was  

r e p o r t e d  to  be 0 .0 8 8  ( 8 . 4 . ) .  

3 .2 .   The a n a l y t i c a l  m ethod was t e s t e d  a t  th e  OSHA la b  i n  th e  ra n g e  o f   

2 .5  to  10 mg/m3. The CV f o r  th e  a n a l y t i c a l  m ethod was 0 .0 5 .  T h is   

v a lu e  was d e te rm in e d  from  known sa m p le s  i n  th e  r a n g e  o f  500 to  
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2 ,0 0 0  µg (N=18) f o r  th e  p r im a ry  ZnO d i f f r a c t i o n  l i n e . The mean  

r e c o v e ry  was 99.98%  ( 8 . 5 . ) .  

4 .  I n t e r f e r e n c e s  

A c c o rd in g  to  d a ta  l i s t e d  i n  a  co m p u te r s e a r c h  o f  th e  J o i n t  C om m ittee  on  

Pow der D i f f r a c t i o n  S tu d ie s  (JCPDS) powder d i f f r a c t i o n  f i l e  ( 8 . 9 . ) ,   

s e v e r a l  compounds h a v e  d i f f r a c t i o n ,  p e a k s  t h a t  can  p o t e n t i a l l y  i n t e r f e r e   

w i th  ZnO. Many o f  t h e s e  compounds a r e  l i s t e d  in  A ppendix  A. 

4 . 1 .   The se c o n d a ry  ZnO l i n e  i s  n o rm a lly  n o t  s c a n n e d . The p o s s i b i l i t y   

o f  s i l v e r  c h lo r i d e  fo rm a tio n  on th e  s u r f a c e  o f  s i l v e r  m em branes  

u se d  i n  sam p le  a n a ly s e s  h a s  l im i t e d  th e  u s e  o f  t h i s  l i n e .  S i l v e r   

c h lo r i d e  h a s  a  d i f f r a c t i o n  p e a k  i n  c lo s e  p ro x im ity  to  th e   

s e c o n d a ry  ZnO l i n e .  

4 . 2 .   Some e le m e n ts  ( i r o n ,  i n  p a r t i c u l a r )  can  c a u se  a p p r e c ia b l e  X -ray   

f lu o r e s c e n c e  w h ich  w i l l  r e s u l t  i n  h ig h  back g ro u n d  i n t e n s i t y .  T h is   

s i t u a t i o n  can  be c irc u m v e n te d  by u s in g  a  d i f f r a c t e d  beam  

m onochrom ato r. 

4 . 3 .   I f  a  s e v e r e  i n t e r f e r e n c e  i s  p r e s e n t  on th e  p r im a ry  ZnO l i n e ,   

a n a l y t i c a l  r e s u l t s  a r e  r e p o r t e d  u s in g  a n o th e r  d i f f r a c t i o n  l i n e .  

4 .4 .   The p re s e n c e  o f  i n t e r f e r e n c e  ca n  be v e r i f i e d  and u s u a l l y   

i d e n t i f i e d  by XRD a n a l y s i s .  I n t e r f e r i n g  p e a k s  a r e  u s u a l l y   

r e s o lv e d  a t  th e  OSHA-SLTC u s in g  custom  in -h o u s e  s o f tw a r e  ( 8 . 7 . ) .   

S im i la r  s o f tw a r e  d e v e lo p e d  by  th e  in s t r u m e n t  m a n u f a c tu r e r s  o r   

in -h o u s e  can  a l s o  b e  u s e d . 

4 .5 .   W id e -a n g le  s c a n s  a r e  a l s o  p e rfo rm e d  to  h e lp  i d e n t i f y  i n t e r f e r e n c e s   

o r  a s s i s t  i n  i d e n t i f i c a t i o n  o f  ZnO. T h ese  s c a n s  a r e  u s u a l l y   

p e rfo rm e d  w ith  l i n e  p r o f i l e  l i b r a r i e s  w here th e  d i f f r a c t i o n  l i n e s   

o f  th e  sam p le  a r e  com pared to  l i n e s  o f  known compounds c o n ta in e d   

i n  th e  l i b r a r i e s .  

5 .  S am p lin g  

5 .1 .   S am p lin g  E quipm ent 

5 . 1 . 1 .   Sam ple a sse m b ly : 

F i l t e r  h o ld e r  c o n s i s t i n g  o f  a  tw o- o r  t h r e e - p i e c e   

c a s s e t t e ,  37-mm d ia m e te r .  

Backup p ad , 37-mm, c e l l u l o s e .  

Low a s h  PVC membrane f i l t e r ,  37-mm, 5 - µm p o re  s i z e  [ p a r t   

n o . 625413 , Mine S a f e ty  A p p lia n c e s  (MSA), P i t t s b u r g h ,  PA 
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o r  c a t .  n o . P -5 0 3 7 0 0 , Omega S p e c i a l t y  I n s t r u m e n t  C o .,  

C h e lm sfo rd , MAJ. 

N o te :  D u rin g  p r e p a r a t i o n  f o r  a n a l y s i s ,  t h e  sa m p le  i s   
d i s s o lv e d  i n  t e t r a h y d r o f u r a n  (T H F). C e r t a i n  a c r y l i c   
co p o ly m e rs  a d d e d  t o  PVC f i l t e r s  a r e  i n s o l u b l e  i n  THF. I f   
t h e  membrane f i l t e r  c o m p o s i tio n  i s  unknow n, a  l a b o r a t o r y   
t e s t  s h o u ld  be  c o n d u c te d  w i th  THF t o  d e te r m in e  s u i t a b i l i t y   
b e f o r e  u s e .  

5 . 1 . 2 .   F o r  r e s p i r a b l e  sa m p les  o n ly ,  a  c y c lo n e  i s  a l s o  u s e d .  

C y c lo n e : N y lo n , 10-mm (BDX-99R, p a r t  n o . 7 0 1 0 0 4 8 -1 ,  

S e n s id y n e  I n c . ,  L a rg o , FL, o r  p a r t  n o . 456243 , MSA,  

P i t t s b u r g h ,  PA ). 

5 . 1 . 3 .   Pump c a l i b r a t i o n  sy s te m : S to p  w a tc h  and  b u b b le  tu b e  o r   

e l e c t r o n i c  m e te r .  

5 . 1 . 4 .   S am p lin g  pump: F o r fume o r  n o n r e s p i r a b l e  d u s t  s a m p le s ,  

c a l i b r a t e  th e  p e r s o n a l  s a m p lin g  pump to  a p p ro x im a te ly  

2 L /m in . Each pump m ust be c a l i b r a t e d  w i th  a   

r e p r e s e n t a t i v e  sa m p le r  i n - l i n e  to  m in im iz e  e r r o r s   

a s s o c i a t e d  w i th  u n c e r t a i n t i e s  i n  th e  volum e sa m p le d . F o r  

r e s p i r a b l e  s a m p le s , c a l i b r a t e  th e  pump w ith  a  c y c lo n e   

i n - l i n e  and  u s e  a  f lo w  r a t e  o f  a p p ro x im a te ly  1 .7  L /m in . 

5 . 1 . 5 .   A s s o r te d  f l e x i b l e  tu b in g .  

5 . 1 . 6 .   A n a l y t i c a l  b a la n c e  (0 .0 1  m g). 

5 .2 .   S am p lin g  P ro c e d u re  

5 . 2 . 1 .   D e s ic c a te  and  th e n  w eigh  th e  PVC f i l t e r  b e f o r e  s a m p lin g . 

5 . 2 . 2 .   P la c e  th e  p re -w e ig h e d  PVC f i l t e r  and  a  c e l l u l o s e  backup   

pad  i n  a  tw o - o r  t h r e e - p i e c e  c a s s e t t e .  

5 . 2 . 3 .   A t ta c h  th e  c a s s e t t e  to  a  c a l i b r a t e d  p e r s o n a l  s a m p lin g  pump  

u s in g  f l e x i b l e  t u b in g .  F o r r e s p i r a b l e  s a m p le s , a t t a c h  a   

c y c lo n e  to  th e  c a s s e t t e .  

5 . 2 . 4 .   P la c e  th e  sa m p lin g  a ssem b ly  i n  th e  b r e a t h in g  zone o f  th e   

w o rk e r  o r  s a m p lin g  a r e a  and p la c e  th e  pump in  an  

a p p r o p r i a t e  p o s i t i o n .  F o r fume o r  n o n r e s p i r a b l e  d u s t   

s a m p le s , ta k e  up to  960 L o f  a i r  th ro u g h  th e  f i l t e r   

c a s s e t t e  a t  a p p ro x im a te ly  2 L /m in . F o r r e s p i r a b l e  
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sa m p le s , ta k e  up to  816 L a t  a p p ro x im a te ly  1 .7  L /m in . Do 

n o t  a l lo w  th e  c y c lo n e  to  be  i n v e r t e d  d u r in g  o r  a f t e r  
s a m p lin g . 

5 . 2 . 5 .   Check th e  pump and sa m p lin g  a ssem b ly . p e r i o d i c a l l y  to   

v e r i f y  p e rfo rm a n c e  and to  a s s u r e  t h a t  th e  f i l t e r  i s  n o t   

o v e r lo a d e d . I f  th e  f i l t e r  becom es o v e r lo a d e d  d u r in g  th e   

sa m p lin g  i n t e r v a l ,  r e p l a c e  i t  w i th  a n o th e r  f i l t e r .  

5 . 2 . 6 .   T e rm in a te  sa m p lin g  a t  th e  p re d e te rm in e d  tim e  and r e c o r d   

th e  pump flo w  f a t e  and c o l l e c t i o n  t im e . Remove th e   

f i l t e r ,  b e in g  c a r e f u l  n o t  to  l o s e  an y  p a r t i c u l a t e .  

D e s ic c a te  and th e n  w eigh  th e  f i l t e r .  R e p la c e  th e  f i l t e r ,  

and  th e n  f i r m ly  s e a l  th e  c a s s e t t e  w i th  p l a s t i c  p lu g s  in  

b o th  th e  i n l e t  and o u t l e t  p o r t s .  C a l c u la te  th e  n e t  w e ig h t 

g a in  and th e  w e i g h t / a i r  volum e r a t i o  o f  th e  f i l t e r .  I f  

t h i s  r a t i o  i s  l e s s  th a n  th e  P e r m is s ib le  E x p o su re  L im i t ,  do 

n o t  su b m it th e  sam p le  f o r  ZnO a n a l y s i s .  R e s p i r a b l e  d u s t  

sa m p le s  a r e  a l s o  n o t  s u b m it te d  to  th e  l a b ;  t h e s e  sa m p le s  

a r e  g r a v i m e t r i c a l l y  com pared to  th e  PEL o f  5 mg/m3 f o r  

r e s p i r a b l e  p a r t i c u l a t e s .  
5 . 2 . 7 .   R eco rd  on th e  OSHA 91 form  a l l  p e r t i n e n t  sam p le  d a ta  and  

any  p o t e n t i a l  i n t e r f e r e n c e s .  When o t h e r  compounds a r e  

known o r  s u s p e c te d  to  be p r e s e n t  i n  th e  a i r ,  su ch   

in f o r m a t io n ,  in c lu d in g  t h e i r  s u s p e c te d  i d e n t i t i e s ,  s h o u ld   

be  t r a n s m i t t e d  w ith  th e  s a m p le s . 

5 . 2 . 8 .   W ith e a ch  b a tc h  o f  up to  20 s a m p le s , su b m it an  a p p r o p r i a t e   

b la n k  f i l t e r  f o r  a n a l y s i s .  

5 . 2 . 9 .   S e a l  th e  f i l t e r  c a s s e t t e  and i d e n t i f y  i t  w i th  a n  OSHA Form  

2 1 . M ail sa m p les  to  th e  l a b o r a to r y  i n  a  s u i t a b l e   

c o n ta i n e r  d e s ig n e d  to  p r e v e n t  dam age. 

5 .3 .   B u l k  sa m p le s  

I n  o r d e r  o f  l a b o r a to r y  p r e f e r e n c e ,  b u lk  sa m p le s  may be one o f  th e   

f o l lo w in g :  

1 )  a  h ig h -v o lu m e  f i l t e r  sam ple  
2 )  a  r e p r e s e n t a t i v e  s e t t l e d  d u s t  ( r a f t e r )  sam ple  
3 ) a  sam p le  o f  th e  b u lk  m a t e r i a l  i n  th e  w o rk p la c e  w hich  i s   

c o n s id e r e d  to  be ZnO. 
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The ty p e  o f  b u lk  sam ple  s h o u ld  be s t a t e d  on th e  OSHA 91 and  

c r o s s - r e f e r e n c e d  to  th e  a p p r o p r i a t e  a i r  s a m p le ( s ) .  

6 .  A n a ly s is  

6 .1 .   S a f e ty  P r e c a u t io n s  

6 . 1 .1 .   T e t r a h y d ro f u r a n  (THF) h a s  a  low f l a s h  p o i n t ,  -1 4  °C 

(6  ° F ) ,  and i s  e x tre m e ly  f lam m ab le . A lways u s e  THF in  a   

ho o d . THF i s  an  e t h e r  w hich  can  form  e x p lo s iv e  p e ro x id e s   

upon e x p o s u re  to  a i r ;  t h e r e f o r e ,  i t  s h o u ld  be s t o r e d  in   

c lo s e d  c o n t a i n e r s .  A lways u s e  l a t e x  g lo v e s ,  a  l a b c o a t ,   

and s a f e t y  g l a s s e s  when h a n d l in g  THF. 

6 . 1 . 2 .   P a r lo d io n  and  i s o p e n t y l  a c e t a t e  a r e  f lam m ab le . 

6 . 1 . 3 .   A lw ays u s e  a  hood when w o rk in g  w ith  d ry  ZnO. 

6 . 1 . 4 .   M ost X -ray  d i f f r a c t o m e t e r s  hav e  b u i l t - i n  d e v ic e s  to   

p r e v e n t  X -ray  e x p o s u re . T h e se  d e v ic e s  s h o u ld  n o t  be  

a d j u s t e d ,  rem oved , o r  o v e r r id d e n  by  u n a u th o r iz e d  p e r s o n n e l  

f o r  any  r e a s o n . 

6 . 1 . 5 .   A bench  to p  w a rn in g  l i g h t  (y e l lo w )  i s  recom m ended. When  

l i t ,  th e  w a rn in g  l i g h t  i n d i c a t e s  th e  X -ray  g e n e r a to r  i s   

pow ered u p . 

6 . 1 . 6 .   Most X -ray  s p e c t r o m e te r s  hav e  s h u t t e r  d e v ic e s  w h ich  a l lo w   

o r  p r e v e n t  X -ra y s  from  e n te r in g  th e  sam p le  cham ber. T h e se   

d e v ic e s  s h o u ld  n o t  be  a d ju s t e d ,  rem oved , o r  o v e r r id d e n  by 

u n a u th o r iz e d  p e r s o n n e l  f o r  an y  r e a s o n . I n s t r u m e n t   

o p e r a t o r s  s h o u ld  f a m i l i a r i z e  th e m s e lv e s  w ith  c o r r e c t   

o p e r a t io n  o f  th e  s h u t t e r s .  Sam ple cham ber a c c e s s  s h o u ld   

o n ly  be a l lo w a b le  when X -ra y s  from  th e  s o u rc e  a r e   

c o m p le te ly  b lo c k e d . T hese  s h u t t e r s  s h o u ld  be r o u t i n e l y   

ch eck ed  f o r  p ro p e r  o p e r a t io n .  

6 . 1 . 7 .   An a d d i t i o n a l  G e ig e r  ty p e  a la rm  m o n ito r  to  m easu re  th e   

g e n e r a l  w ork a r e a  i s  recom m ended. The m o n ito r  can  be  

i n t e r f a c e d  to  th e  X -ray  g e n e r a to r  to  p ro v id e  an a d d i t i o n a l   

s a f e t y  i n t e r l o c k .  

6 . 1 . 8 .   A void i n s e r t i n g  f i n g e r s  i n t o  th e  sam p le  co m p artm en t. Use  

f o r c e p s  to  ch ange  sa m p le s . 

6 . 1 . 9 .   R a d ia t io n  m o n ito rs  a r e  worn by a l l  X -ray  o p e r a t o r s .  T h e se   

m o n ito rs  c o n s i s t  o f  f i lm  b ad g es  and f i n g e r  r i n g s  w h ich  a r e  
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p e r i o d i c a l l y  a n a ly z e d  to  d e t e c t  e x p o s u re  to  lo w - le v e l   

r a d i a t i o n .  

6 .2 .   A n a ly t i c a l  Equipm ent 

6 .2 .1 .   X -ray  d i f f r a c to m e te r  sy s te m  c o n s i s t i n g  o f :  
A utom ated Powder D i f f r a c to m e te r  (APD). 
X -ray  G e n e r a to r .  
Long, f in e - f o c u s  c o p p e r t a r g e t  X -ray  tu b e .  
S c i n t i l l a t i o n  c o u n te r  d e t e c t o r .  
X -ray  a c c e s s o r i e s  in c lu d e :  p u l s e - h e ig h t  a n a ly z e r ,   
g r a p h i t e  m onochrom ato r, 2 Ɵ c o m p e n sa tin g  s l i t ,  1° r e c e iv i n g   
s l i t ,  and sam p le  s p in n e r .  
R e c i r c u l a t i n g  c o o l in g  sy s te m  f o r  th e  X -ray  tu b e .  

6 . 2 . 2 .   Com puter sy s te m  c o n s i s t i n g  o f :  
H ardw are and s o f tw a r e  f o r  d a ta  r e d u c t io n  and g r a p h ic   
p r e s e n t a t i o n s .  
I n t e r f a c e :  B etw een th e  com pu ter and  th e  a u to m a te d  pow der  
d i f f r a c to m e te r  an  o p t i c a l  i s o l a t o r  and a  m e c h a n ic a l ly   
o p e ra te d  s w i tc h  hav e  been  u sed  a t  OSHA-SLTC. Newer X -ra y   
sy s te m s  a r e  u s u a l l y  e q u ip p e d  w ith  co m p u te rs  a l r e a d y   
i n t e r f a c e d .  
L in e  p r o f i l e  l i b r a r y  ( J C P D S - I n te r n a t io n a l  C e n te r  f o r   
D i f f r a c t i o n  D a ta  Powder D i f f r a c t i o n  F i l e ,  JCPDS,  
S w arthm ore, PA ). 

6 . 2 . 3 .   S ta n d a rd  and  sam p le  p r e p a r a t i o n :  
C e n t r i f u g e  tu b e s :  Round b o tto m  40-mL (P y re x  8 2 6 0 ) . 
D ry in g  ov en . 

 E x p lo s io n -p ro o f  h o t  p l a t e  (M odel HP-11515B, 
S y b ro n /T h erm o ly n e , Dubuque, IA ) . 
F i l t r a t i o n  a p p a r a tu s ,  25 mm, ( F i l t e r  H o ld e r  H y d ro so l  
M a n ifo ld , c a t .  n o . XX25 047 0 0 , f i l t e r i n g  c la m p s , c a t .  n o .  
XX10 025 0 3 , f r i t t e d  g l a s s  b a s e s  w i th  s to p p e r s ,  c a t .  n o .  
XX10 025 0 2 , and g l a s s  f u n n e l s ,  c a t .  n o . XX10 025 11,  
M i l l ip o r e  C o r p . ,  B e d fo rd , MA). 
F o rc e p s . 
L a te x  g lo v e s  ( C a t .  n o . 8852 , A m erican  P h a rm a se a l L a b .,   
G le n d a le , CA). 
L iq u id  n i t r o g e n  c o ld - t r a p  sy s te m  f o r  s u s p e n d in g  m edia  
c o l l e c t i o n  (d e w a r, p o ly p ro p y le n e  vacuum f l a s k ,  l i q u i d   
n i t r o g e n ,  e t c . ) .  
M ic r o - a n a ly t i c a l  b a la n c e  (0 .0 1  m g). 
P l a s t i c  p e t r i  d i s h e s  (P ro d u c t  n o . 7 2 4 2 , Gelman S c ie n c e s ,   
Ann A rb o r, M I). 
S i l v e r  membrane f i l t e r s :  D ia m e te r  25-mm, 0 .4 5 - µm p o re   
s i z e  (C a t.  n o . FM 25-0.45, O sm onics, I n c . ,  M in n e to n k a , MN).  
T e f lo n  s h e e t ,  0 .3  to  1 mm t h i c k .  
Vacuum sy s te m . 
V o lu m e tr ic  p i p e t t e s ,  e y e d ro p p e r , v o lu m e tr ic  f l a s k s  and  
g r a d u a te d  c y l i n d e r s .  
U l t r a s o n ic  b a th .  
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6 . 2 . 4 .   B u lk  sam p le  p r e p a r a t i o n  f o r  membrane d e p o s i t i o n :  
F r e e z e r  m i l l  (M odel n o . 6700 , Spex I n d u s t r i e s ,  E d is o n ,  
N J ) . 
M o rta r  and p e s t l e .  
S ie v e  o r  s o n ic  s i f t e r :  S ie v e ,  325 mesh ( o r  Model ATML3P  
S o n ic  S i f t e r  w i th  325 mesh s i e v e ,  ATM C o r p o r a t io n ,   
M ilw aukee, W I). 

6 .3 .  R e a g e n ts  -  A l l  c h e m ic a ls  s h o u ld  be r e a g e n t  g ra d e  o r  b e t t e r .  

6 . 3 . 1 .   T e t r a h y d r o f u r a n  (THF). 

6 . 3 . 2 .   P a r lo d io n  ( P y r o x y l in ) .  

6 . 3 . 3 .   I s o p e n t y l  ( I s o a m y l)  a c e t a t e .  

6 . 3 . 4 .   P a r lo d io n  in  i s o p e n t y l  a c e t a t e ,  1 .5 % (w /v ) :  D is s o lv e   

1 .5  g  o f  p a r lo d io n  i n  i s o p e n t y l  a c e t a t e  and d i l u t e  to  100  

mL w ith  i s o p e n t y l  a c e t a t e .  

6 . 3 . 5 .   Z in c  o x id e  s t a n d a r d ,  < 325 m esh. 

6 . 3 . 6 .   2 - p r o p a n o l . 

6 . 4 . S ta n d a rd  P r e p a r a t i o n  

6 . 4 . 1 .   P r e p a r a t i o n  o f  ZnO s to c k  s t a n d a r d s :  

Dry th e  ZnO s ta n d a r d  f o r  2 h  a t  110 °C. T h is  m a t e r i a l  i s   

u se d  f o r  s to c k  and  w o rk in g  s t a n d a r d s .  

1 )  P r e p a r e  t h r e e  s u s p e n s io n s  o f  ZnO s ta n d a r d  in   
2 -p ro p a n o l  by w e ig h in g  10 , 5 0 , and  500 mg o f  th e  ZnO  
to  th e  n e a r e s t  0 .0 1  mg. Q u a n t i t a t i v e l y  t r a n s f e r  e a c h   
to  a  1-L  v o lu m e tr ic  f l a s k  u s in g  2 - p ro p a n o l ,  and b r in g   
e a ch  to  h a l f  vo lum e. 

2 )   D is p e r s e  th e  ZnO i n  th e  2 - p ro p a n o l  by u s in g  an   
u l t r a s o n i c  b a th  f o r  10 m in . Remove from  th e  b a th  and   
a l lo w  to  c o o l  to  room te m p e ra tu re  f o r  15 m in . D i lu te   
e a c h  f l a s k  to  th e  m ark w ith  2 - p ro p a n o l .  

6 . 4 . 2 .   P r e p a r a t i o n  o f  ZnO w o rk in g  s t a n d a r d s :  

1 )  P re p a re  a  s e r i e s  o f  w o rk in g  s ta n d a r d s  on s i l v e r   
m em branes from  1 0 - , 5 0 - ,  and  500-yg/m L  s to c k  ZnO  
s u s p e n s io n s  by p i p e t t i n g  a p p r o p r i a t e  a l i q u o t s  u s in g   
th e  p ro c e d u re  o u t l i n e d  in  s t e p s  3 th ro u g h  5 . P re p a re   
t h r e e  s e t s  o f  th e  s ta n d a r d s  l i s t e d  b e lo w . T hese  w i l l   
be u sed  to  c o n s t r u c t  th e  c a l i b r a t i o n  c u rv e .  

S to c k  S ta n d a rd s   
( µg/mL) 

A liq u o t  
(mL) 

W orking S ta n d a rd s   
( µg )  

500 
50 
10 

2 ,  4 ,  6  1 ,0 0 0 ,  2 ,0 0 0 ,  3 ,0 0 0  
2 ,  5 ,  10  100 ,  250 ,  500 
3 ,  5  3 0 ,  50 
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2 )  A ssem ble th e  f i l t e r i n g  a p p a r a tu s  and l i q u i d   

n i t r o g e n  c o ld  t r a p .  C onnect t h e  c o ld  t r a p  to  th e   

f i l t e r i n g  a p p a ra tu s  to  c o l l e c t  th e  w a s te  s u s p e n d in g   

m edia  ( 2 -p ro p a n o l  o r  THF). The w a s te  v a p o rs  s h o u ld   

n o t  e n t e r  th e  vacuum pump. 

3 )  C e n te r  a  s i l v e r  membrane on a  f r i t t e d - g l a s s  b a s e  o f   

th e  f i l t e r i n g  a p p a r a tu s .  A lso  c e n t e r  th e  g l a s s   

chim ney on to p  o f  th e  b a se  and s e c u r e  i t  w ith  a   

c la m p . 

4 )   Add a  s t i r r i n g  b a r  to  th e  s to c k  s ta n d a r d  s u s p e n s io n   

and w ith d ra w  a l i q u o t s  u s in g  th e  fo l lo w in g   

te c h n iq u e :  

l a )  P la c e  th e  f l a s k  on a  m a g n e tic  s t i r r e r  an d  tu r n   
th e  s t i r r e r  on u n t i l  a  u n ifo rm  s u s p e n s io n  i s   
a c h ie v e d . 

2 a )  T urn  o f f  th e  s t i r r e r ,  rem ove and i n v e r t  th e  
f l a s k ,  a l lo w in g  th e  s t i r r i n g  b a r  to  s l i d e  i n t o   
th e  n e c k . 

3 a )  Shake th e  f l a s k  v ig o r o u s ly  to  e n s u re  an  ev en   
s u s p e n s io n .  

4 a )  C a u t io u s ly  r e v e r t  th e  f l a s k  and r e t u r n  i t  to   
th e  s t i r r e r .  

5 a )  T urn  on th e  s t i r r e r  and im m e d ia te ly  w ith d ra w   
an  a l i q u o t  from  th e  c e n t e r  o f  th e  s t i r r e d   
s o l u t i o n  u s in g  an  a p p r o p r i a t e  v o lu m e tr ic   
p i p e t t e  ( c a r e  s h o u ld  be ta k e n  n o t  to  w ith d ra w   
s o l u t i o n  above  th e  volum e m ark o f  th e   
p i p e t t e ) . 

5 )   W ith  th e  vacuum o f f ,  p l a c e  2 mL o f  2 -p ro p a n o l  in   
th e  chim ney o f  th e  p r e v io u s ly  a sse m b le d  vacuum  
f i l t e r i n g  a p p a r a tu s .  T r a n s f e r  th e  p i p e t t e d  a l i q u o t   
to  th e  ch im ney . A f t e r  th e  t r a n s f e r ,  b r in g  th e   
t o t a l  volum e in  th e  chim ney to  20 mL w ith   
2 - p ro p a n o l .  

6 )  A pply  vacuum to  th e  f i l t e r i n g  a p p a r a tu s ,  d raw in g   
th e  2 -p ro p a n o l  th ro u g h  i t .  T h is  sh o u ld  r e s u l t  i n  a   
t h i n ,  ev en  la y e r e d  d e p o s i t io n  o f  ZnO o n to  th e   
s i l v e r  mem brane. Do n o t  r i n s e  th e  chim ney a f t e r   
th e  ZnO h a s  been  d e p o s i te d  on th e  m em brane. 
R in s in g  can  d i s t u r b  th e  t h i n  l a y e r  d e p o s i t io n  j u s t   
c r e a t e d .  Vacuum s h o u ld  be a p p l i e d  f o r  s u f f i c i e n t   
tim e  to  d ry  th e  m em brane. 

7 )  C a r e f u l ly  d is a s s e m b le  th e  chim ney and c lam p . 
Remove th e  s i l v e r  membrane from  th e  f r i t t e d -  
g l a s s  b a s e  u s in g  f o r c e p s .  P la c e  2 d ro p s  o f  1.5%  
p a r lo d io n  s o l u t i o n  on a  g l a s s  s l i d e .  F ix  th e   
s ta n d a r d  to  th e  membrane by p la c in g  th e  b o ttom  s i d e  
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o f  th e  membrane i n  t h e  p a r lo d io n  s o l u t i o n .  By  
c a p i l l a r y  a c t i o n ,  th e  membrane d raw s th e  p a r lo d io n   
s o l u t i o n  to  th e  ZnO s u r f a c e .  P la c e  a  T e f lo n  s h e e t   
on to p  o f  a n e x p lo s io n - p r o o f  h o t p l a t e  w h ich  i s  s e t   
a t  the. lo w e s t  s e t t i n g .  Then p la c e  th e  membrane on  
to p  o f  t h i s  h e a te d  T e f lo n  s h e e t .  When d r y ,  p l a c e   
th e  f ix e d  ZnO s ta n d a r d  i n  a  l a b e l e d  P e t r i  d i s h .  

8 )   I n s p e c t  th e  d e p o s i t io n  f o r  u n i f o r m i ty ;  c lu m p in g   
i n d i c a t e s  t h a t  i n s u f f i c i e n t  s o n ic a t io n  was u s e d . 
The s t a n d a r d  w i l l  h av e  t o  be rem ade i f  a   
s i g n i f i c a n t ,  am ount o f  c lu m p in g  o c c u r s .  

6 .5 .  Sam ple P r e p a r a t i o n  

6 . 5 . 1 .   When sam p le  w e ig h ts  a r e  g r e a t e r  th a n  3 mg, a l i q u o t s  a r e   

ta k e n  to  a c h ie v e  d e p o s i t io n s  w i th in  th e  w o rk in g  r a n g e .  

6 . 5 . 2 .   Exam ine th e  f i l t e r  and  backup  pad to  d e te rm in e  i f  any   

b re a k th ro u g h  to  th e  backup  pad h a s  o c c u r r e d .  I f  t h e r e  i s   

s i g n i f i c a n t  b r e a k th ro u g h , th e  sam p le  i s  e i t h e r  n o t   

a n a ly z e d  o r  r e s u l t s  a r e  r e p o r t e d  w ith  a  d i s c l a im e r  ( s e e   

S e c t io n  7 . 2 .3 .  f o r  r e p o r t i n g  r e s u l t s ) .  

6 . 5 . 3 .   F u l l - s h i f t  sa m p le s  h a v in g  c a l c u l a t e d  w e ig h t/v o lu m e  r a t i o s   

l e s s  th a n  th e  PEL a r e  n o rm a lly  n o t  a n a ly z e d . 

6 . 5 . 4 .   F i l t e r s :  

C a r e f u l ly  t r a n s f e r  th e  a i r  sam p le  (PVC f i l t e r )  from  th e   

c a s s e t t e  to  a  ro u n d -b o tto m  40-mL c e n t r i f u g e  tu b e .  Add 10  

mL THF to  d i s s o l v e  th e  f i l t e r  and su sp en d  th e  sa m p le .  

S o n ic a te  th e  sam p le  s u s p e n s io n  f o r  5 to  10 m in . 

Q u a n t i t a t i v e l y  t r a n s f e r  th e  s u s p e n s io n  w ith  r i n s e s  o f  THF  

to  a  g l a s s  chim ney o f  th e  vacuum f i l t e r i n g  a p p a r a tu s   

( d e s c r ib e d  i n  S e c t io n  6 . 4 . 2 . ,  s t e p  2 ) .  The t o t a l  volum e  

i n  th e  chim ney s h o u ld  n o t  ex c ee d  20 mL. A pply  a  vacuum  to   

a c h ie v e  a  t h i n ,  ev en  d e p o s i t io n  o f  sam p le  on th e  m em brane.  

Do n o t  r i n s e  th e  chim ney a f t e r  th e  vacuum h a s  b een   

a p p l i e d .  Remove th e  membrane and f i x  th e  d e p o s i t io n  to   

th e  membrane i n  th e  same m anner a s  f o r  a  s ta n d a r d  ( S e c t io n   

6 . 4 . 2 . ,  s t e p  7 ) .  

6 . 5 . 5 .   B u lk s :  

 To p r e v e n t  th e  p o s s i b i l i t y  o f  c o n ta m in a t io n , a  s e p a r a t e  

f i l t e r i n g  a p p a r a tu s  s h o u ld  be  u se d  f o r  b u lk  p r e p a r a t i o n .  
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1 )  B u lk  sa m p le s  a p p ro x im a tin g  r e s p i r a b l e  p a r t i c l e  s i z e :   
W eigh an  a l i q u o t  o f  1 to  2 mg on a  PVC f i l t e r ,  and  
p la c e  in  a  round  b o ttom  c e n t r i f u g e  tu b e .  

2 )   N o n - r e s p i r a b le  b u lk s :  
G rin d  th e  sam ple  to  a  f i n e  powder u s in g  e i t h e r  a   
m o r ta r  an d  p e s t l e  o r  a  f r e e z e r  m i l l .  Then s i z e  th e   
sa m p le , u s in g  a  325-m esh s i e v e  o r  s o n ic  s i f t e r .  T h is   
r e s u l t s  i n  a  s am ple p a r t i c l e  s i z e  o f  l e s s  th a n  45 µm.  
An a l i q u o t  o f  th e  s iz e d  sam p le  i s  w eighed  on a  PVC  
f i l t e r  and  p la c e d  i n  a  ro u n d  b o tto m  c e n t r i f u g e  tu b e .  

Add THF and d e p o s i t  th e  w eighed  sam p le  o n to  a  s i l v e r   

membrane in  th e  same f a s h io n  a s  an  a i r  s a m p le . C are  m ust  

be  ta k e n  when t r a n s f e r r i n g  th e  membrane b e f o r e  f i x i n g .  

F ix  th e  sam p le  a s  d e s c r ib e d  in  S e c t io n  6 . 4 . 2 . ,  s t e p  7 . 

6 .6 .   A n a l y t i c a l  P ro c e d u re  

R e f e r  to  th e  S ta n d a rd  O p e ra tin g  P ro c e d u re  ( 8 . 8 . )  o r  in s t r u m e n t   

m an u a ls  f o r  sy s te m  s t a r t u p  and  i n i t i a l i z a t i o n  p r o c e d u r e s .  

6 . 6 . 1 .   T he X -ra y  g e n e r a to r  i s  o p e ra te d  a t  40 kV and  40 mA. U sing   

f o r c e p s ,  t r a n s f e r  a  s ta n d a r d  from  th e  P e t r i  d i s h  to  a   

sam p le  s p in d le  o r  sam ple  h o l d e r .  I f  u s in g  a  sam p le   

s p i n d l e ,  s e c u r e  th e  s ta n d a r d  to  th e  s p in d l e  u s in g  V a s e l in e   

o r  a  r e t a i n i n g  r i n g .  P la c e  th e  s p in d le  o r  h o ld e r  i n t o  th e   

sam p le  cham ber. T urn  on th e  sam p le  s p in n e r .  

6 . 6 . 2 .   E n te r  th e  f o l lo w in g  in fo r m a t io n  i n t o  th e  c o n t r o l l i n g  u n i t :  

1 .  2 0  l i m i t s  f o r  e a ch  a n a l y t i c a l  l i n e  
2 .  2 0  s c a n n in g  in c re m e n t ( 0 .0 2 °  2 Ɵ) 
3 .  I n t e g r a t i o n  and b ackg round  c o u n tin g  tim e s  (1  s )  
4 .  C a l ib r a t i o n  u s in g  th e  se c o n d a ry  s i l v e r  l i n e   

( 4 4 .3 3 °  2 Ɵ) 
5 .  P r e s e n t  2 Ɵ l o c a t i o n  o f  th e  X -ra y  in s t r u m e n t  

N orm al a n a l y t i c a l  p a ra m e te rs  a r e :  

2 Ɵ V a lu es  

Z in c  O x ide  S c a n n in g  Range P eak  L o c a tio n  P eak  Range 
1 ' 3 5 .5 0  to  3 6 .8 0  3 6 . 3 0  3 6 .2 5  to  3 6 .3 5  

3 ' 3 3 .8 0  to  3 5 .1 0  3 4 .4 6  3 4 .4 1  to  3 4 .5 1  

4 ' 5 5 .9 0  to  5 7 .2 0  5 6 .6 2  5 6 .5 7  to  5 6 .6 7  

5 ' 6 2 .1 0  to  6 3 .4 0  6 2 .8 8  6 2 .8 3  to  6 2 .9 3  

N o te : The p e a k  l o c a t i o n s  l i s t e d  a r e  more i n f o r m a t io n a l  th a n  a b s o lu t e .  
The a c t u a l  p eak  i s  d e p e n d e n t on in s t r u m e n t  and sam p le  c o n d i t io n s   
and  may v a ry  s l i g h t l y .  
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6 . 6 . 3 .   C o n firm  th e  p r e s e n c e  o f  ZnO by a n a ly z in g  a t  l e a s t  t h r e e  o f   

th e  l i n e s  l i s t e d  a b o v e . The s e c o n d a ry  ZnO l i n e  i s  n o t   

l i s t e d  b e c a u s e  th e  p r im a ry  d i f f r a c t i o n  l i n e  f o r  s i l v e r   

c h lo r i d e  i s  i n  th e  g e n e r a l  p r o x im ity  and  c o u ld  c a u se  a   

p o s i t i v e  i n t e r f e r e n c e .  

6 . 6 . 4 .   A custom  a n a l y t i c a l  co m p u te r p rogram  i s  u s e d  by OSHA-SLTC  

to  a n a ly z e  s a m p l e s  b y  XRD. D i r e c t io n s  f o r  u s e  and  

d o c u m e n ta tio n  o f  t h i s  sy s te m  can  b e  fo und  i n  th e  X -ray   

d o c u m e n ta tio n  m anual ( 8 . 7 . )  and i n  A ppendix  B. O th e r   

p ro g ram s c a n  be  d e s ig n e d  o r  o b ta in e d  from  X -ra y  sy s te m   

m a n u f a c tu r e r s .  

6 . 6 . 5 .   I n s t r u m e n t  c o n s id e r a t i o n s :  

1 )  P e rfo rm  a  s i l v e r  l i n e  a n g le  c a l i b r a t i o n  (4 4 .3 3 °  2 Ɵ)  
b e f o r e  e a c h  s ta n d a r d  o r  sam p le  i s  a n a ly z e d .  

2 )  Scan th e  s ta n d a r d  o r  sam p le  o v e r  th e  s e l e c t e d  2 Ɵ  
ra n g e  i n  0 .0 2 - d e g r e e  in c re m e n ts  (1  s  e a c h ) .  

3 )   A s ta n d a r d  i s  a n a ly z e d  a f t e r  e v e ry  f o u r t h  o r  f i f t h   
sam p le  to  a s s u r e  c o r r e c t  i n s t r u m e n ta l  o p e r a t io n .  

F o r  e a c h  sam p le  o r  s t a n d a r d ,  th e  p eak  l o c a t i o n  o f  th e   

s e c o n d a ry  s i l v e r  d i f f r a c t i o n  c a l i b r a t i o n  l i n e  i s  u sed  a s   

an  i n i t i a l  r e f e r e n c e  p o i n t .  I f  th e  s i l v e r  l i n e  i n t e n s i t y   

o f  a  sam p le  i s  much l e s s  th a n  a  s t a n d a r d ,  s e l f - a b s o r p t i o n   

o f  X -ra y s  h a s  o c c u r r e d .  T h is  i s  m ost l i k e l y  d u e  to  th e   

sam p le  m a t r ix  and  can  be rem e d ie d  by: 

1 )  R e le a s in g  th e  sam p le  from  th e  s i l v e r  membrane 
2 )  D iv id in g  th e  sam p le  i n t o  a l i q u o t s  
3 )  D e p o s i t in g  e a c h  a l i q u o t  o n to  a  membrane 

7. C a l c u l a t i o n s  

P r e p a r e  a  l i n e a r  r e g r e s s i o n  c o n c e n t r a t io n - r e s p o n s e  c u rv e  by p l o t t i n g  th e   

c o n c e n t r a t i o n  o f  th e  s ta n d a r d s  i n  µg v e r s u s  c o u n ts .  B la n k  c o r r e c t  th e   

s a m p le s  and th e n  c a l c u l a t e  th e  e x p o s u re  a s :  

mg/m3 ZnO  =  µ found /  A ir  V o l  (L )  
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N o te :  I f  a l i q u o t s  o f  a  sam ple  w ere  ta k e n  and a n a ly z e d , c a l c u l a t i o n s  a r e   
a d ju s t e d  a c c o r d in g  to  th e  s i z e  and  num ber o f  a l i q u o t s .  R e s u l t s   
from  e a c h  a l i q u o t  a r e  com bined i f  th e  sam p le  was s p l i t  i n t o  a   
s e r i e s  o f  a l i q u o t s .  I f  o n ly  one a l i q u o t  was ta k e n ,  th e  r e s u l t   
(A n a ly te  mg/m3) i s  m u l t i p l i e d  b y : 

t o t a l  s u s p e n s io n  volum e 
a l i q u o t  v o lu m e -ta k e n  

7 .1 .   Z in c  o x id e  PEL 

The PELs f o r  ZnO ( 8 . 9 . )  a r e  l i s t e d  on th e  c o v e r  pag e  o f  t h i s   

docum en t. 

7 . 2 .   R e p o r t in g  R e s u l ts  

7 . 2 . 1 .   A ir  sam p le  r e s u l t s  a r e  r e p o r te d  to  th e  i n d u s t r i a l   

h y g i e n i s t  a s  mg/m3 ZnO. When p e a k  l i m i t s  a r e  w i th in   

a c c e p ta b l e  r a n g e s  and ZnO am ounts a r e  i n  a g re e m e n t on  

a t  l e a s t  tw o , p r e f e r a b l y  t h r e e  l i n e s ,  th e  r e p o r t e d  ZnO  

v a lu e  i s  ta k e n  from  th e  m ost s e n s i t i v e ,  i n t e r f e r e n c e - f r e e   

( o r  i n t e r f e r e n c e  r e s o lv e d )  l i n e .  I f  i n t e r f e r e n c e s  a r e   

p r e s e n t ,  th e  a n a l y s t  s h o u ld  u s e  a v a i l a b l e  r e i n t e g r a t i o n   

p ro g ram s to  r e s o l v e  th e  i n t e r f e r e n c e s  o r  r e p o r t  r e s u l t s  on  

a  l e s s  s e n s i t i v e  l i n e .  

7 . 2 . 2 .   F o r  b u lk  s a m p le s , t h e  r e s u l t s  a r e  r e p o r t e d  a s  a p p ro x im a te   

% ZnO. 

7 . 2 . 3 .   P a r t i c u l a t e  p r e s e n t  on th e  backup  pad c o n s t i t u t e s  some  

sam p le  l o s s .  O c c a s io n a l ly  t h i s  may be s e e n  and can  be  due   

to  a  p o o r  c a s s e t t e  s e a l  on th e  f i l t e r ,  im p ro p e r 

p o s i t i o n in g  o f  th e  f i l t e r ,  o r  poor  q u a l i t y  c o n t r o l  o f  t h e   

f i l t e r  a n d /o r  c a s s e t t e .  A n o te  i n d i c a t i n g  t h a t  some o f   

th e  sam pled  m a t e r i a l  was fo und  on th e  backup  pad and  th e   

r e p o r t e d  v a lu e  may be lo w e r  th a n  a c t u a l  i s  r e l a y e d  to  th e   

c o m p lia n c e  o f f i c e r .  
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A ppendix  A 

P o t e n t i a l  I n t e r f e r e n c e s  (A lso  s e e  n o te  b e lo w ) 

P rim a ry  ZnO L in e  
I n t e r f e r e n t  Name, F orm ula  PDF N o.*  

Aluminum C h lo r id e ,  A lC l3 2 2 -1 0 ,  1 -1133  

Ammonium Z in c  C h lo r id e ,  (NH4 ) 3ZnCl5 30-69  

Ammonium Z in c  S u l f a t e ,  (NH4 ) 2 Zn( SO4 ) 2 6H2O  35-767  

C alc ium  Aluminum S i l i c a t e ,  CaAl 2 SiO6 31-249  

C h a o i te ,  C 22-1069  

F e r r i c  O x id e , ε-F e 2O3, F e2O3 1 6 -6 5 3 , 25 -1402  

F e r ro u s  S i l i c a t e ,  F e2SiO4 1 2 -2 8 4 , 2 9 -7 2 0 , 34 -178  

Lead C a rb o n a te , PbCO3 5 -417  

M agnesium  S i l i c a t e ,  Mg2SiO4 1 3 -2 3 0 , 3 4 -1 8 9 , 34 -556  

M anganese O x id e , MnO 4 -326  

N ic k e l  C h lo r id e ,  NiCl2 2 2 -7 6 5 , 1 -1134  

T r id y m ite ,  S iO2 1 4 -2 6 0 , 18-1170  

S i l v e r  C h lo r id e ,  AgCl 22 -1326  

T a lc ,  Mg3S i4O10(OH)2 19-770  

T ita n iu m  D io x id e , T i0 2  2 1 - 1236 , 3 5 -8 8 , 2 9 -1 3 6 0 , 2 1 -1 2 7 6 , 23-1446  

Z in c , Zn 4 -831  

S eco n d a ry  ZnO L in e* *  
I n t e r f e r e n t  Name, F orm ula  PDF N o.*  

S i l v e r  C h lo r id e ,  AgCl 2 2 -1 3 2 6 , 31 -1238  

T e r t i a r y  ZnO L in e  
I n t e r f e r e n t  Name, F o rm u la  PDF N o.*  

Ammonium Z in c  C h lo r id e ,  (NH4 )2 ZnCl4 2 -155  

Ammonium Z in c  C h lo r id e ,  (NH4 )3 ZnCI5 30-69  

F e r ro u s  S i l i c a t e ,  FeSiO 4 34-178  

M agnesium S i l i c a t e ,  Mg2SiO4 34-556  

M anganese O x id e , MnO 7 -730  

M anganese S u l f i d e ,  MnS 6 -518  

M o n tm o r i l lo n i te ,  18A o r  21A 1 2 -2 1 9 , 29-1499  

P o ta s s iu m  Aluminum S i l i c a t e ,  KAlSiO4 3 1 -9 6 5 , 3 3 -9 8 9 , 3 3 -9 8 8 , 11-313 

T a lc ,  Mg3 S i4O1 0 (OH) 2 1 9 -7 7 0 , 1 3 -5 5 8 , 29 -1493  

T r id y m ite ,  SiO2 14 -260  
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A ppend ix  A (C o n t .)  

P o t e n t i a l  I n t e r f e r e n c e s  (A lso  s e e  n o te  be low ) 

Q u a te rn a ry  ZnO L in e  
I n t e r f e r e n t  Name, F orm ula  PDF N o .*  

F e r r i c  O x id e , Y-F e 2O3 24-81  

F e r ro u s  S i l i c a t e ,  F e2SiO4 34-178  

M agnesium  S i l i c a t e ,  Mg2SiO4 3 4 -1 8 9 , 3 4 -556  

M anganese O x id e , MnO 4 -3 2 6  

S i l i c o n  D io x id e , S i0 2 34-717  

T i ta n iu m  D io x id e , T i0 2 2 9 -1 3 6 0 , 2 1 -1276  

Q u in te r n a ry  ZnO L in e  

I n t e r f e r e n t  Name, F orm ula  PDF N o .*  

Aluminum C h lo r id e ,  A lC l3 1 -1133  

F e r r i c  O x id e , ε- F e 2O3 , F e2O3 , Y- F e 2O3 , F e2O3 1 6 -6 5 3 , 3 3 -6 6 4 , 2 4 -8 1 , 25-1402  

M agnesium  S i l i c a t e ,  Mg2SiO4 34-189  

T ita n iu m  D io x id e , TiO2 21-1236  

*PDF No. = JCPDS Pow der D i f f r a c t i o n  F i l e  Number 

**O nly  th e  m ost s i g n i f i c a n t  i n t e r f e r e n c e  i s  l i s t e d  f o r  th e  s e c o n d a ry  ZnO  

l i n e .  

N o te : The m a jo r i t y  o f  th e  a n a ly t e s  l i s t e d  above w i l l  m ost l i k e l y  n o t  be  
p r e s e n t  when sa m p lin g  i n d u s t r i a l  o p e r a t io n s  w h ich  p ro d u c e  ZnO  
e x p o s u r e s .  T h is  l i s t  i s  p r e s e n te d  a s  l in e - m a tc h e s  fo u n d  in   
l i t e r a t u r e  and  n o t  a s  d e f i n i t i v e  i n t e r f e r e n c e s .  Some o f  t h e s e   
i n t e r f e r e n c e s  may o c c u r  o n ly  when a  l a r g e  am ount o f  i n t e r f e r e n t  i s   
p r e s e n t  o r  a t  a  te m p e ra tu re  o t h e r  th a n  n o rm al l a b o r a t o r y  c o n d i t i o n s .   
A s u b s ta n c e  i s  l i s t e d  a s  a  p o t e n t i a l  i n t e r f e r e n c e  i f  one  o r  more  
s e n s i t i v e  l i n e s  o f  t h a t  s u b s ta n c e  h a s  a  p eak  w i th in  + 0 .6 5 °  2 Ɵ o f  th e   
ZnO l i n e .  
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A ppendix  B 

G ra p h ic s  and C a lc u la t i o n s  -  Custom OSHA-SLTC Program  

A custom  OSHA-SLTC program  r e a d s  arid s t o r e s  d i f f r a c t i o n  c o u n t d a ta  and  
e v a lu a t e s  o r  p r e s e n t s  o u tp u t  d a ta  ini th e  f o l lo w in g  w ays: 

1 .  U ses a  sy m m e tric  f i v e - p o i n t  d i g i t a l  f i l t e r  (w e ig h ts  = 0 .6 ,  0 .8 ,  1 .0 ,  
0 . 8 ,  0 .6 )  to  sm ooth  th e  s p e c t r a l  c o u n t d a t a .  

2 .  I d e n t i f i e s  p e a k s  by maximum c o u n ts .  

3 .  D e te rm in e s  u p p e r  and lo w e r 2 Ɵ i n t e g r a t i o n  l i m i t s .  

4 .  C hooses th e  i n t e g r a t i o n  m ethod ( e i t h e r  v a l l e y - t o - v a l l e y  o r  p e r p e n d ic u l a r   
d ro p )  by o b s e r v a t io n  o f  b ack g ro u n d  and  s i g n a l  c o u n ts .  

5 .  I n t e g r a t e s  th e  p e a k  by summing c o u n ts  o v e r  th e  s e l e c t e d  i n t e g r a t i o n   
r a n g e . 

6 .  C a l c u l a t e s  th e  c o n c e n t r a t io n  o f  a n a ly t e  in  t o t a l  µg and mg/m3 . 

7 .  G e n e ra te s  a  h a rd  copy r e p o r t .  An exam ple o f  a  r e p o r t  u se d  a t   
OSHA-SLTC i s  shown in  F ig u re  1 . 

T h is  p ro g ram  a l s o  a l lo w s  th e  a n a l y s t  to  m odify  th e  co m p u te r s e l e c t i o n  o f   
i n t e g r a t i o n  l i m i t s  and  m ethod f o r  e a c h  d i f f r a c t i o n  p e a k . A g r a p h ic   
r e p r e s e n t a t i o n  o f  th e  s c a n  can  be d i s p la y e d  and an  exam ple  o f  a  500 µg ZnO  
s ta n d a r d  i s  shown i n  F ig u re  1 . A re a s  o f  i n t e g r a t i o n  a r e  sh a d ed  and o u t ly i n g   
a r e a s  a r e  n o n -s h a d e d . The a b b r e v i a t i o n  "NORM CNTS" c o n ta in e d  w i th in  th e   
F ig u re  s t a n d s  f o r  n o rm a liz e d  c o u n ts  ( t o t a l  c o u n ts / c o u n t in g  t im e ) .  O th e r   
in -h o u s e  o r  c o m m e rc ia lly  a v a i l a b l e  s o f tw a r e  p rogram s can  be u se d  to  m in im ize   
i n t e r f e r e n c e s  and  c l a r i f y  r e s u l t s .  
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Z in c  O xide D i f f r a c t i o n  P a t t e r n  -  500 µg  ZnO S ta n d a rd  

5 0 0 Z N O  
5 0 0 ZNO 
A IR  V O L. =  1 . 0 0 L - S T ANDARD- 
SAMPLE WT .  = 5 0 0 .  UG 

NG CAL . 1 9 4 8 4  COUNTS AT 4 4 . 2 8  DEG. 

P R I  ZNO T E R T  Z N O 4T H  ZNO 5TH ZNO 
PERK =  3 6 . 3 0  PERK = 3 4 . 4 6  PERK =  5 6 . 6 0  PERK = 6 2 . 8 6  
LOW L IM IT  =  3 5 . 5 8  LOW L IM IT  = 3 3 . 9 2  LOW L IM IT  =  5 5 . 9 8  LOW LIM IT = 6 2 . 1 6  
UP L IM IT  = 3 6 . 7 6  UP L IM IT  = 3 5 . 0 0 UP L I M IT  = 5 7 . 1 6  UP L IM IT  = 6 3 . 2 6  
INT TIM E = 2  INT TIME = 

2  

INT TIME = 2  INT TIME = 2  
NORM CNTS =  7 4 9 0 5  NORM CNTS =  3 1 4 1 1  NORM CNTS =  2 4 3 2 4  NORM CNTS =  1 8 1 8 6  
EST UG = EST UG = EST UG = EST UG = 

( % )  ( % )  (% ) (% ) 

F ig u re  1 
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