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HPLC-DAD DETERMINATION OF 
BENZO(A)PYRENE IN WASTE GAS 

J. LEHOTAY, F. HALMO, 

Department of Analytical Chemistry 
Slovak TechnicaI Universig 

Radlinskkho 9 
812 37 Bratislava, Slovakia 

E. BRANDSTETEROVA, AND D. OKTAVEC 

A B S T R A C T  

D i o d e  a r r a y  d e t e c t i o n  ( D A D )  was u s e d  i n  
m i n a t i o n  o f  b e n z o ( a ) p y r e n e  i n  gas  e m i s s i o n .  

HPLC t r a c e  
he  l i e n a r i  

d e t e r -  
y and  

d e t e c t i o n  l i m i t  was c a l c u l a t e d :  I t  was f o u n d  t h a t  O A D  - HPLC 
c o m b i n a t i o n  i s  s e l e c t i v e  and  s e n s i t i v e  enough t o  b e  u s e d  f o r  
t h e  m o n i t o r i n g  o f  t h e  b e n z o ( a ) p y r e n e  c o n c e n t r a t i o n  i n  gas  e m i s -  
s i o n  where  i t s  p r e s e n c e  i s  presumed.  T h e 3 1 i m i t  o f  t h e  d e t e r m i -  
n a t i o n  o f  t h e  s u g g e s t e d  me thod  i s  1 ug/m . / 

INTRODUCTION 

P o l y a r o m a t i c  compounds a r e  o f t e n  f o r m e d  b e c a u s e  o f  t h e  

i n c o m p l e t e  c o m b u s t i o n  o f  o r g a n i c  m a t e r i a l s  o r  i n  p y r o l y s i s  

p r o c e s s e s .  (To  t h e  m o s t  f r e q u e n t  s o u r c e s  b e l o n g  t h e  r e f i n e r y  

u n i t s  u s e d  i n  o i l  p r o c e s s i n g  and  t h e  h i g h  t e m p e r a t u r e  p y r o l -  

y s i s  p r o c e s s e s ) .  The p o l y a r o m a t i c  s u b s t a n c e s  r e p r e s e n t  a 

g r o u p  o f  n o x i o u s  o r g a n i c  compounds and  f r o m  t h e  c a r c i n o g e n i t y  

p o i n t  o f  v i e w  m a i n l y  b e n z o ( a ) p y r e n e  shows a mos t  t o x i c  c h a r -  

a c t e r  / l / .  For t h i s  r e a s o n  t h e  d e v e l o p m e n t  o f  an  a n a l y t i c a l  
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3576 LEHOTAY ET AL. 

m e t h o d  i s  v e r y  i m p o r t a n t  f o r  t h e  d e t e r m i n a t i o n  o f  v e r y  l o w  

c o n c e n t r a t i o n s  o f  b e n z o ( a ) p y r e n e  i n  t h e  e m i s s i o n s .  The q u a l -  

i t a t i v e  c r i t e r i a  f o r  p o l y a r o m a t i c  s u b s t a n c e s  i n  t h e  a tmos-  

p h e r e  a r e d e s c r i b e d  i n  s e v e r a l  a r t i c l e s  /1, 2 / .  HPLC i s  o f t e n  

u s e d  f o r  t h e  s e p a r a t i o n  o f  p o l y a r o m a t i c  compounds m a i n l y  i n  

t h e  c a s e  o f  v e r y  l o w  c o n c e n t r a t i o n s  / 3 / .  The d e t e r m i n a t i o n  

o f  b e n z o ( a ) p y r e n e  i n  i m i s s i o n s  i n  t h e  s u r r o u n d i n g s  o f  b i g  

c i t i e s  r e q u i r e s  t h e  s a m p l e  o f  a b i g g e r  a i r  v o l u m e  - up  t o  

8 6 0  m 3  / 4 / .  The c o r r e l a t i o n  b e t w e e n  t h e  p o l y a r o m a t i c  s u b -  

s t a n c e s  i n  t h e  a t m o s p h e r e  and  w a t e r s  was a l s o  d e t e r m i n e d  / 4 / .  

HPLC w i t h  a p r e c o l u m n  s y s t e m  c a n  b e  u s e d  f o r  t h e  o n - l i n e  

p r e c o n c e n t r a t i o n  o f  p o l y a r o m a t i c  h y d r o c a r b o n s .  I n  t h i s  way 

a l o w e r  l i m i t  t o  t h e  d e t e r m i n a t i o n  c a n  b e  a c h i e v e d  / 5 ,  6 / .  

A new s e p a r a t i o n  t e c h n i q u e  f o r  p o l y a r o m a t i c  h y d r o c a r b o n  

d e t e r m i n a t i o n  i s  t h e  m i c e l l a r  e l e c t r o k i n e t i c  c a p i l l a r y  c h r o -  

m a t o g r a p h y  / 7 / .  W h i l e  b e n z o ( a 1 p y r e n e  b e l o n g s  t o  t o x i c  sub -  

s t a n c e s  i t s  c o n c e n t r a t i o n  is b e i n g  f o l l o w e d  i n  b i o l o g i c a l  

m a t e r i a l s  t o o  / 8 ,  9 / .  

E X P E R I M E N T A L  

A r i g h t  r e s u l t  o f  b e n z o ( a ) p y r e n e  d e t e r m i n a t i o n  depends  

on  t h e  s a m p l i n g  t e c h n i q u e  and  on  t h e  m e t h o d  u s e d  f o r  t h e  quan-  

t i t a t i v e  a n a l y s i s .  I n  s a m p l i n g  t h e  h i g h e s t  e f f e c t i v i t y  of  t h e  

b e n z o ( a ) p y r e n e  t r a p p i n g  f r o m  t h e  w a s t e  g a s  u s i n g  a s o r p t i o n  

e q u i p m e n t  i s  r e q u i r e d .  T h e r e  is a p o s s i b i l i t y  o f  t h e  p r e s e n c e  

o f  some o t h e r  o r g a n i c  s u b s t a n c e s  w i t h  s i m i l a r  p h y s i c a l - c h e m i -  

c a l  p r o p e r t i e s  i n  t he  e m i s s i o n  as  b e n z o ( a ) p y r e n e  shows,  f o r  

t h i s  r e a s o n  t h e  u s e  o f  an  s e p a r a t i o n  m e t h o d  is n e c e s s a r y .  S O  
t h e  u s e  o f  t h e  h i g h  p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  w i t h  

s e l e c t i v e  d e t e c t i o n  is o f  g r e a t  a d v a n t a g e  as  i t  c a n  b e  s e e n  

f r o m  t h e  d i s c u s s i o n  i n  t h e  n e x t  s e c t i o n .  

The b o i l i n g  p o i n t  o f  b e n z o ( a ) p y r e n e  i s  495 .5  O C  and  

f o r  t h i s  r e a s o n  i t  i s  o b v i o u s  t h a t  i t  i s  p r e s e n t  i n  t h e  e m i s -  

s i o n  i n  t h e  f o r m  of  a e r o s o l s ,  o r  i t  i s  s o r b e d  on  t h e  p a r t i -  

c l e s .  The t e m p e r a t u r e  o f  t h e  e m i s s i o n  g a s e s  c o n t a i n i n g  b e n z o -  
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BENZO(A)PYRENE IN WASTE GAS 3577 

0 ( a l p y r e n e  moves i n  a w i d e  i n t e r v a l  o f  f r o m  50 t o  300 C i n  

dependence  on  t h e  p r o c e s s  f o l l o w e d .  T h i s  f a c t  mus t  b e  t a k e n  

i n t o  a c c o u n t  i n  t h e  c o n s t r u c t i o n  o f  t h e  s a m p l e r .  A t  a t e m p e r -  

a t u r e  o f  t h e  e m i s s i o n  gases  up t o  1 0 0  C c e l l u l o s e  f i l t e r s  

c a n  b e  used / Z / .  I n  t h e  mos t  c a s e s  t h e r e  a r e  u s e d  f i l t e r s  

f r o m  g l a s  f i b r e s ,  o r  t h e i r  c o m b i n a t i o n  w i t h  s o r p t i o n  t u b e s  

and  p o l y u r e t h a n e  foam / l o / .  G l a s s  f i l t e r  i m p r e g n a t e d  w i t h  pa -  

r a f f i n e  o i l  c a n  b e  u s e d ,  t o o  / 2 / .  

0 

The s a m p l i n g  t r a i n  c o n s i s t s  o f  t h e  s a m p l i n g  p r o b e  f r o m  

s t a i n l e s s  s t e e l  ( i n s i d e  d i a m e t e r  o f  1 0  m m ) .  The s u c t i o n  t u b e  

i s  h e a t e d  t o  s u c h  a d e g r e e  t h a t  t h e  t e m p e r a t u r e  of t h e  a s p i -  

r a t e d  gas  s t r e a m  c o r r e s p o n d s  t o  t h a t  i n  t h e w a s t e  gas c h a n n e l ;  

t h i s  p r e v e n t s  any change  i n  t h e  s t a t e  o f  a g g r e g a t i o n  o f  t h e  

s a m p l e  gas  componen ts .  The h e a t  o u t p u t  of t h e  s u c t i o n  t u b e  

w a s  2 5 0  W p e r  m e t e r .  The f i l t r a t i o n  h e a d  c o n s i s t e d  o f  a f l a t  

f i l t e r  f r o m  g l a s s  f i b r e s  (GF/A Whatman) and  a p o l y u r e t h a n e  

foam l a y e r .  The f l o w m e t e r  ( P U M A  P S )  was u s e d  for t h e  measure -  

men t  o f  t h e  w a s t e  gas vo lume.  F o r  t h e  measurement  o f  t h e  tem- 

p e r a t u r e  o f  t h e  gas  i n  f r o n t  of t h e  f i l t e r  a t h e r m o c o u p l e  was 

u s e d .  An o i l  d i f f u s i o n  pump (LP-VK 2 - 5 )  was u s e d  as a s u c t i o n  

a g g r e g a t e .  The s a m p l i n g  f i l t e r  m u s t  b e  p r o t e c t e d  f r o m  UV r a -  

d i a t i o n  and  s e a l e d  i n  a i r t i g h t  p o l y e t h y l e n e  b a g s  and  s t o r e d  

u n d e r  c o o l  c o n d i t i o n s  i n  t h e  d a r k  u n t i l  r e q u i r e d  f o r  s a m p l e  

p r e p a r a t i o n .  

For t h e  b e n z o ( a ) p y r e n e  d e t e r m i n a t i o n  b y  HPLC t h e r e  was 

u s e d  a c h r o m a t o g r a p h i c  c o l u m n  S e p a r o n  S G X  C18 w i t h  5 

p a r t i c l e s  ( T e s s e k  P r a g u e )  w i th  a n  i n s i d e  d i a m e t e r  o f  3 . 3  mm, 

t h e  l e n g h t  o f  t h e  c o l u m n  was 150  mm. A h i g h  p r e s s u r e  l i q u i d  

c h r o m a t o g r a p h  c o n s i s t e d  o f  t h e  f o l l o w i n g  p a r t s  : 

h i g h  p r e s s u r e  pump Mode l  501 (Waters-USA) 

6-way v a l v e  (VALCO - U S A )  
s p e c t r o p h o t o m e t r i c  d e t e c t o r  M o d e l  4 8 4  ( W a t e r s  - U S A )  

d i o d e  a r r a y  d e t e c t o r  Mode l  9 9 0  ( W a t e r s  - USA) 

P C  c o m p u t e r  NEC (Work S t a t i o n ) .  

The b e n z o ( a ) p y r e n e  e x t r a c t i o n  was p e r f o r m e d  i n  an  u l t r a -  

s o n i c  b a t h ,  t h e  p r e c o n c e n t r a t i o n  was r e a l i z e d  b y  means of 
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LEHOTAY ET AL 3578 

K u d e r n a - D a n i s h  e v a p o r a t o r .  A l l  s o l v e n t s  u s e d  i n  t h i s  work  

were  r e d i s t i l l e d .  A s t a n d a r d  b e n z o ( a ) p y r e n e  w i t h  p . a .  p u r i t y  

was u s e d  f o r  t h e  d e t e r m i n a t i o n  ( S u p e l c o  - U S A ) .  

Before t h e  s t a r t  o f  t h e  s a m p l i n g  p r o c e s s  t h e  t e m p e r a -  

t u r e  and  p r e s s u r e  o f  t h e  e m i s s i o n  g a s e s ,  t h e  v e l o c i t y  profile 
o f  t h e  f l o w i n g  gas mus t  be measured  in o r d e r  t h a t  t h e  i s o k i -  

n e t i c  s a m p l i n g  c a n  b e  r e a l i z e d .  The e m i s s i o n  g a s  was p a s s i n g  

t h r o u g h  2 f i l t e r s  o r d e r e d  one a f t e r  t h e  o t h e r  i n  o r d e r  t h a t  

t h e  q u a n t i t y  o f  t h e  b e n z o ( a ) p y r e n e  s a m p l i n g  c o u l d  b e  t e s t e d .  

The samp le  g a s  vo lume moved i n  an i n t e r v a l  o f  a b o u t  0 . 5  - 1 
3 m .  

The f i l t e r s  were  e x t r a c t e d  w i t h  2x 1 0  m l  of  h e x a n e  in 
an  u l t r a s o n i c  b a t h  ( 1 5  m i n u t e s ) .  The e x t r a c t  u a s  t r a n s f e r r e d  

i n t o  a 2 5  m l  c a l i b r a t e d  v e s s e l  t h a t  h a s  b e e n  r e f i l l e d  w i t h  

hexane  up t o  t h e  m a r k .  1 0  m l  o f  h e x a n e  was e v a p o r a t e d  on  Ku- 

d e r n a - D a n i s h  e v a p o r a t o r .  The r e s t  was s o l u b l e d  in 1 m l  o f  
m e t h a n o l  and  t h e  s o l u t i o n  was i n j e c t e d  i n t o  t h e  l i q u i d  c h r o -  

m a t o g r a p h .  The p u r i t y  o f  t h e  f i l t e r s  and  s o l v e n t s  u s e d  i s  

c h e c k e d  by  t h e  a n a l y s i s  o f  c h e m i c a l  b l a n k  v a l u e  s o l u t i o n s  i n -  

c l u d i n g  t h e  w o r k i n g  up o f  t h e  b l a n k  f i l t e r .  

The s e p a r a t i o n  and  d e t e r m i n a t i o n  o f  b e n z o ( a ) p y r e n e  were  

c a r r i e d  o u t  w i t h  t h e  c h r o m a t o g r a p h i c  c o l u m n  S e p a r o n  S G X  C18.  
A m i x t u r e  o f  90  % m e t h a n o l  i n  w a t e r  was t h e  m o b i l e  p h a s e ,  t h e  

f l o w  r a t e  o f  t h e  m o b i l e  p h a s e  was 0 . 5  m l / m i n .  The d e t e r m i n a -  

t i o n  o f  b e n z o ( a ) p y r e n e  was c a r r i e d  o u t  by  UV d e t e c t o r  a t  3 6 4  

nm. T h e r e  was a l s o  u s e d  a d i o d e  a r r a y  d e t e c t o r  i n  t h e  r a n g e  

f r o m  2 1 0  t o  4 0 0  n m  t o  c o n f i r m  t h a t  t h e r e  was no  i n t e r f e r e n c e  

w i t h  t h e  o t h e r  s u b s t a n c e s .  

R E S U L T S  AND OISCUSSION 

C a r e  m u s t  b e  t a k e n  t o  o p t i m i z e  H P L C  c o n d i t i o n s  f o r  r e t e n -  

t i o n  t i m e  o f  b e n z o ( a ) p y r e n e  s e n s i t i v i t y  and  s e l e c t i v i t y  o f  t h e  

s e p a r a t i o n  p r o c e s s .  U s i n g  a d i o d e  a r r a y  d e t e c t o r  t h e  d e t e r m i -  

n a t i o n  c a n  be c a r r i e d  o u t  i f  t h e r e  is e l u t e d  a n o t h e r  componen t  

i n  t h e  p l a c e  o f  t h e  e l u t i o n  o f  b e n z o ( a ) p y r e n e  and  a s u i t a b l e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
1
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



BENZO(A)PYRENE IN WASTE GAS 3579 

h 

- .. .. 

L 

J 

F i g . 1  UV s p e c t r u m  o f  b e n z o ( a ) p y r e n e  i n  t h e  r a n g e  f r o m  2 1 0  

t o  400 nm i n  t h e  m o b i l e  phase  o f  9 0  % m e t h a n o l  i n  w a t e r  

wave l e n g h t  f o r  d e t e c t i o n  c a n  b e  f o u n d .  Some a b s o r p t i o n  maxima 

o f  b e n z o ( a ) p y r e n e  c a n  be seen  i n  F i g . 1 ,  f r o m  w h i c h  t h e  maximum 

a t  264.4 n m  w o u l d  b e  m o s t  a d v a n t e g o u s l y  u s e d  as t h e  l i m i t  o f  

t h e  d e t e r m i n a t i o n  w o u l d  have  t h e  l e a s t  v a l u e .  On t h e  o t h e r  

h a n d  many o r g a n i c  s u b s t a n c e s  a b s o r b  a t  t h i s  wave l e n g h t  and  

a n  i n t e r f e r e n c e  c a n  be o c c u r e d .  I t  c a n  be seen  f r o m  t h e  c o n t o u r  

c h r o m a t o g r a p h i c  r e c o r d s  ( F i g s . 2  and  3 )  t h a t  t h e r e  i s  an  a b s o r p -  

t i o n  maximum a t  364 n m  i n  t h e  t i m e  o f  b e n z o ( a ) p y r e n e  e l u t i o n  

as  i t  i s  o b v i o u s  f r o m  t h e  c o n t o u r  ch romatog ram o f  t h e  s t a n d a r d  

( F i g . 4 ) .  F o r  t h i s  r e a s o n  t h e  d e t e c t i o n  w i l l  b e  s e l e c t i v e  a t  

t h i s  wave l e n g h t  f o r  b e n z o ( a ) p y r e n e  and t h e  p o s s i b i l i t y  o f  t h e  

i n t e r f e r e n c e  w i t h  o t h e r  s u b s t a n c e s  i s  c o n s i d e r a b l y  l o w e r .  

The c o n d i t i o n s  o f  t h e  s e p a r a t i o n  were  c h o s e n  s o  t h a t  i n  

t h e  p l a c e  o f  e l u t i o n  o f  b e n z o ( a ) p y r e n e  t h e r e  were  e l u a t e d  no 

s u b s t a n c e s  w i t h  s i m i l a r  o p t i c a l  p r o p e r t i e s  as  t h e  d e t e r m i n e d  

s u b s t a n c e .  I t  i s  o b v i o u s  f r o m  t h e  c o n t o u r  ch romatog rams  (F igs .2  

and  3 )  t h a t  no o t h e r  s u b s t a n c e s  a r e  e l u t e d  a t  t h e  e l u t i o n  t i m e  

of a b o u t  18 m i n u t e s  w h i c h  h a v e  t h e  a b s o r p t i o n  maximum i n  t h e  
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Fi g . 2  C o n t o u r  c h r o m a t o g r a p h i c  r e c o r d  a n d  c h r o m a t o g r a m  a t  
3 6 4  nm of t h e  s a m p l e  1. 
I n j e c t i o n  10 u l ,  c o l u m n  S e p a r o n  S G X  C 1 8  (5 urn particles), m o b i l e  p h a s e  / 9 0  % m e t h a n o l  i n  w a t e r ,  f l o w  l a t e  0.5 m l / m i n .  

F i g . 3  C o n t o u r  c h r o m a t o g r a p h i c  r e c o r d  a n d  c h r o m a t o g r a m  a t  
3 6 4  n m  of t h e  s a m p l e  2 
S e p a r a t i o n  c o n d i t i o n s  a s  i n  Fig.2 
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F i g . 4  C o n t o u r  c h r o m a t o g r a p h i c  r e c o r d  and  c h r o m a t o g r a m  a t  3 6 4  nm 

o f  s t a n d a r d  b e n z o (  a ) p y r e n e  (concentrat ion 1 ppm i n  the so lu t i on )  

S e p a r a t i o n  c o n d i t i o n s  as  F i g . 2 .  
E l u t i o n  t i m e  of b e n z o ( a ) p y r e n e  1 8 . 7  min. 

r a n g e  of  300-362 nm e x c e p t  b e n z o ( a ) p y r e n e .  From t h e  c h r o m a t o -  

grams c a n  b e  s e e n  t h a t  w i t h  b e n z o ( a ) p y r e n e  a l s o  o t h e r  s u b -  

s t a n c e s  a r e  e l u t e d ,  b u t  t h e i r  a b s o r p t i o n  maxima a r e  b e l o w  300 

nm and  t h e y  h a v e  no  e f f e c t  on  t h e  d e t e c t i o n  a t  h i g h e r  wave 

l e n g h t .  

The q u a l i t a t i v e  e v a l u a t i o n  was c a r r i e d  o u t  o n  t h e  b a s i s  

o f  a c o m p a r i s o n  of t h e  e l u t i o n  t i m e  o f  t h e  s t a n d a r d  and  t h e  

samp le  and  o n  t h e  b a s i s  o f  t h e  a b s o r p t i o n  maximum a t  364 nm 

t h a t  i s  c h a r a c t e r i s t i c  f o r  b e n z o ( a )  p y r e n e  as  w e l l .  The quan-  

t i t a t i v e  e v a l u a t i o n  was made on  t h e  b a s i s  o f  t h e  r e g r e s s i o n  

a n a l y s i s  where  t h e  dependence b e t w e e n  t h e  a r e a s  o f  b e n z o ( a ) -  

p y r e n e  p e a k s  and  t h e  q u a n t i t y  d e t e r m i n e d .  The c o n c e n t r a t i o n  

r a n g e  was f r o m  1 ppm t o  10  ppm. The v a l u e  o f  t h e  c o r r e l a t i o n  

c o e f f i c i e n t  i s  p r o v e n .  I n  F i g . 5  i s  t h e  c h r o m a t o g r a p h i c  r e c o r d  

o f  t h e  samp le  4 when a s p e c t r o p h o t o m e t r i c  d e t e c t o r  a t  364 nm 

was used .  
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w 5 0 0  I 

F i g . 5  C h r o m a t o g r a p h i c  r e c o r d  of t h e  s a m p l e  4. 
D e t e c t i o n  a t  3 6 4  nm. 
S e p a r a t i o n  c o n d i t i o n s  a s  f i g . 2 .  

Tab.1 D e t e r m i n a t i o n  of benzo(a)pyrene i n  t h e  s a m p l e s  

No S a m p l i n g  Benzo(a)pyrene R e l a t i v e  s t a n d a r d  
of t h e  v o l u m e  c o n c e n t r a t i o n  d e v i a t i o n  
s a m p l e  m 3 //ug/m 3 / 

1 0.640 1 0 . 9  - + 8.6 

3 0 . 5 0 0  1 0 . 0  - + 1.6 
2 0 . 9 7 4  2 . 8  - + 1 2 . 4  

4 0 . 5 0 0  3 . 5  - + 10.9  

M e a n  of benzo(a)pyrene c o n c e n t r a t i o n s  is b a s e d  o n  s a m p l e  gas 
v o l u m e  u n d e r  s t a n d a r d  c o n d i t i o n s .  
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The r e s u l t s  of  t h e  d e t e r m i n a t i o n  o f  b e n z o ( a ) p y r e n e  i n  

t h e  s a m p l e s  a r e  g i v e n  i n  Tab.1.  From t h e  v a l u e s  o f  t h e  s t a n -  

d a r d  d e v i a t i o n s  c a n  be seen  t h a t  t h e  v a l u e  i s  i n c r e a s i n g  w i t h  

t h e  d e c r e a s i n g  o f  t h e  b e n z o ( a ) p y r e n e  c o n t e n t  i n  t h e  samp le .  

The op t imum c o n c e n t r a t i o n  i n t e r v a l  i s  i n  t h e  r a n g e  o f  1 u g  - 
10 u g  i n  1 m l  o f  m e t h a n o l .  The v a l u e  o f  t h e  r e l a t i v e  s t a n d a r d  

d e v i a t i o n  c a n  b e  d e c r e a s e d  by  s a m p l i n g  a g r e a t e r  vo lume o f  

e m i s s i o n  b u t  on  t h e  o t h e r  h a n d  t h e  p r o b a b i l i t y  o f  an i n t e r f e r -  

e n c e  c a n  i n c r e a s e .  The l i m i t  o f  t h e  d e t e r m i n a t i o n  depends  on 

t h e  a s p i r a t e d  w a s t e  gas  vo lume.  The c o n c e n t r a t i o n  o f  b e n z o ( a ) -  

p y r e n e  i n  t h e  e m i s s i o n s  of 1 ug/m3 c a n  b e  d e t e r m i n e d  t h a t  i s  

i n  t h e  a g r e e m e n t  t o  t h e  r e q u i r e m e n t s  g i v e n  i n  t h e  norm f o r  

Germany / 2 / .  The a b s o l u t e  l i m i t  of  t h e  d e t e r m i n a t i o n  - t h e  

amount ,  t h a t  c a n  be d e t e r m i n e d  i n  t h e  i n j e c t e d  s o l u t i o n  (10  u l )  / 
i s  0 . 5  u g  ( d e t e c t i o n  a t  364 nm). A t  t h i s  amount t h e  h e i g h t  o f  

t h e  c h r o m a t o g r a p h i c  p e a k  was f i v e  t i m e  h i g h e r  t h a n  t h e  n o i s e  

o f  t h e  b a s i c  l i n e .  

/ 
/ 

/ 

/ 

S i m u l t a n e o u s l y  w i t h  t h e  e x t r a c t  o f  t h e  f i r s t  f i l t e r  t h e  

e x t r a c t  of t h e  s e c o n d  f i l t e r  was a n a l y s e d .  I t  was f o u n d  t h a t  

t h e  amount o f  b e n z o ( a ) p y r e n e  was b e l o w  t h e  l i m i t  o f  t h e  d e t e r -  

m i n a t i o n .  I t  c a n  b e  p o i n t e d  o u t  t h a t  t h e  u s e  o f  one f i l t e r  

f o r  t h e  d e t e r m i n a t i o n  

p y r e n e  f r o m  t h e  e m i s s  

i s  s u f f i c i e n t  i n  t r a p p i n g  o f  b e n z o ( a ) -  

on. 
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