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DELAYED ATOMIZATION FURNACES FOR 

EBCTRGBTATIC SAMPLLNG OF ATMOSPHERIC PARTICULATE6 

KEY WORDB: Electrothermal atomization, Airborne lead, 

Electrostat ic  precipitation 

DAN M. MARINESCU 

Department of Environmental Hygiene, I n s t i t u t e  of 

Hygiene a n d  Public Health, S t r .  Dr. Eeonte 1-3, 

Buohareet 76256, Romania 

ABBTRAOT 

Graphite furnaces were designed t o  meet both the 

requirements of e lec t roe t a t i c  sampling of aerosols and of 

delayed atomization of the eample. The metal l i n h g  of the 

Fnner surface improves the sensi t ivi ty .  The carbide coating 

hae no e f f ec t  when the eample is handled as eolid air  

particulate$. High performancee were obtained for  the 

atomization of lead in different  synthetic and natural  

matrices 1 be t t e r  recoveries were obtained when the sample 

i m  direct ly  atiomized without chemical pretreatment. 

INTRODUCTION 

It is  highly probable that the endeavour of Torei 

e t  al.1-4 already resuscitated the in t e re s t  for  the very 
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528 MARINESCU 

promising technique of e l e c t r o s t a t i c  p r e c i p i t a t i o n  of a i r  

p a r t i c u l a t e a  d i r e c t l y  i n t o  the  e l ec t ro the rma l  a t ~ m i $ e r ~ - ~ .  

However a l l  t h e  disadvantages t h a t  plague non- 

i so the rma l  a t o m i ~ e r s ,  i .e. convect ional  removal of ao l id  

sample f r s g m e n t s ~  vapor i za t ion  of t h e  sample i n t o  a c o o l e r  

and l t hoe t i l e t t  environment; occurrence of i n t e r f e r i n g  chemical 

r e a c t i o n s  i n  t h e  g a s  phase; premature evacua t ion  of t h e  atom 

cloud w i l l  be experienced a l t o g e t h e r  If t h e  a e r o s o l  i e  sampled 

on any o f  t h e  commercial e v e i l a b l e  e l e c t r o t h e r m a l  (ET) 

atom1 zer a. 

As such we found i t  necessary t o  des ign  atomizer  

f u r n a c e s  meant t o  be used not  on ly  f o r  e l e c t r o s t a t i c  p r e c i -  

p i t a t i o n  but a l s o  f o r  quasi isothermal  ope ra t ion .  The des ign  

aimed t o t  

a. e f f i c i e n t l y  c o l l e c t  t h e  a e r o s o l  p a r t i c l e s  w i th  
8 t h e  h i g h e s t  environmental  s i g n i f i c a n c e  , 

b. o b t a i n  a sample depos i t  w i t h  a symmetry t h a t  

matches t h e  d r y  d e p o s i t  l e f t  behind by t h e  evapora t ing  drop 

of a s tandard s o l u t i o n  , 9 

c.  de l ay  t h e  sample vapor i za t ion  u n t i l  t h e  atmo- 

sphere I n s i d e  t h e  fu rnace  is near  the thermal e q u i l i b r i u m  

wi th  t h e  furnace wel l s  . 10 

When t h e  e l e c t r o s t a t i c  m i c r o f i l t e r  o p e r a t e s  

according t o  a point- to-plane (needle-cup) geometry of t h e  

corona d i scha rge ,  the C i r c u l a r  L’vov 

Sampling Cup Tube Atornixerg (SCTA) were used a e  c o l l e c t i n g  

e l e c t r o d e s .  For t h e  wire-in-tube type of e l e c t r o s t a t i c  micro- 

f i l t e r ’  t h e  Coaxial  Tube Atomizer (CTA) o r  i t s  tantalum l i n e d  

a l t e r n a t i v e  (TaCTA) were used a s  c o l l e o t i n g  e l e c t r o d e s .  

Platform’ (CLP) o r  the 
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DELAYED ATOMIZATION FURNACES 529 

The a tomiza t ion  c h a r a c t e r i s t i c s  of t h e s e  t u b e s  a r e  

evaluated i n  t h e  fo l lowing  w i t h  r e f e r e n c e  t o  lead a s  a n a l y t e .  

EXPERIMENTAL 

Ci rcu la r  L'vov P la t fo rm CLP (Fig.1-a) is  e s s e n t i a l l y  

a t i n y  d i s k  machined from Ringsdorff RWO grade g r a p h i t e .  The 

dimensions (6 .8  mm I.D., 7.5 mm O.D., and 2 mm deep) a r e  a 

compromise between high c o l l e c t i n g  a rea  and t h e  r i s k  of beam 

o b s t r u a t i o n  when t h e  CLP i s  placed i n t o  the g r a p h i t e  t ube  (Pye 

Unicam SP 9-01 s tandard tube ) .  The C L P  i s  moved i n  and ou t  of  

t h e  e l e c t r o s t a t i c  m i c r o f i l t e r  o r  the g r a p h i t e  fu rnace  by means 

of  a tantalum c r a d l e .  

(L 

Early experiments were done with a "boat" shaped 

L'vov P la t fo rm (Fig.1-b). This  boat was obtained by removing 

the excess  m a t e r i a l  from an ln s t rumen ta t ion  Laboratory micro- 

sampling boat.  No s i g n i f i c a n t  d i f f e r e n c e s  were apparent  i n  

t h e  a tomiza t ion  p a t t e r n s  of  t h i s  p l a t fo rm o r  with the  CLP. 

However, f o r  e l e c t r o s t a t i c  sampling t h e  C W  was pre fe red  f o r  

corona f i e l d  and sample depos i t  symmetry reasons.  

Sample CUD Tube Atomizer. SCTA i s  t h e  a d a p t a t i o n  for 

e l e c t r o s t a t i c  sampling of  an atomizer e a r l i e r  desc r ibed  f o r  

emission work". 

a Varian Cup i n  the  body o f  a Pye Unicam SP 9-01 s tandard tube.  

(Fig.1-c). Both t h e  cup excavat ion and the  tube  hole  were 

enlarged with a 4.5 mm d r i l l  t o  accomodate t h e  corona needle  

and nozzle  assembly. During t h e  sampling the  corona assembly 

p r o t r u d e s  the  cup which a c t  a s  a c o l l e c t i n g  c o u n t e r e l e c t r o d e .  

A l a y e r  of p y r o l i t i c  g raph i t e  p r i m a r i l y  aimed a t  cementing t h e  

cup i n t o  i t s  p l a c e  was deposi ted on t h e  SCTA by p y r o l i z i n g  a 

mixture of 1% ace ty lene  i n  argon. 

SCTA was obtained by cementing t h e  bottom of 
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5 30 MARINESCU 

Fig.1. Delayed atomizat ion fu rnaces .  a - c i r c u l a r  

L'vov p l a t fo rm;  b - boat shapad L'vov platform; 

c - sample cup tube  atomizer ( 1  - corona needle;  

2 - corona nozz le ) ;  d - c o a x i a l l y  tube  atomizer 

( 1  - corona wire; 2 - end bead i n s u l e t o r i  3-guides) 

-181 Tube Atomizer, CTA (Fig.1-d) is easy con- 

s t r u c t e d  by in t roduc ing  a sma l l e r  g r a p h i t e  tube (6.5 mm I . D . ,  

7.0 mm O.D.,  and 1 4  mm long)  i n  t h e  s tandard g r a p h i t e  t ube  

(8.5 mm I.D.) o f  a Pye Unicam SP 9-01 e l ec t ro the rma l  a tomizer .  

The inne r  tube i s  c o a x i a l l y  pos i t i oned  by means of two end 

d i s k s  and then  cemented t o  t h e  main ( o u t e r )  tube by p y r o l i s i n g  

a mixture  of  1% ace ty lene  in argon. 

The conductive h e a t i n g  o f  t h e  inner tube i s  l i m i t e d  

t o  a m i n i m u m  by machining t h e  edges o f  t h e  and d i s k s  t o  hRve 

a minimum contnct  a r ea  w i t h  t h e  main tube .  

The CTA somewhat resembles an e a r l i e r  descr ibed 

furnace1* used i n  conjunct ion wi th  a Zeeman A A  spectrometer  

o r  w i th  a r e c e n t l y  r epor t ed  double-walled furnace13. During 

t h e  a e r o s o l  sampling sequence the corona wire-guide p r o t r u d e s  
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DELAYED ATOMIZATION FURNACES 531 

t h e  CTA and t h e  i n n e r  tube p l a y s  t h e  r81e  o f  a c o l l e c t i n g  

e l e c t r o d e .  

The TaCTA is e s s e n t i a l l y  t h e  same CTA but t h e  

i n n e r  t ube  was l i n e d  w i t h  a r o l l e d  f o i l  o f  tantalum (Good- 

f e l low Metals ,  Cambridge, England, TA000360 f o i l ,  0.05 mm 

t h i c k ) .  

Some o f  t h e  p l a t f o r m s  and t u b e s  were coated w i t h  
TaC by soaking i n  TaF4 according t o  Za tka ' s  procedure 14 . 
However no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  a tomiza t ion  of 

l ead  were no t i ced  a s  long a s  t h e  sample is  handled a s  a SUB- 

pension of s o l i d  p a r t i c l e s  . 15 

Atomic Absorpt ion Eauipment. The v a r i o u s  fu rnace  

d e s i g n s  were a l l  u s e d  i n  con junc t ion  with a Pye Unicam SP 

9-01 D i g i t a l  Flameless  Atomizer. The development of absorbance 

s i g n a l s  was monitored w i t h  a Pye Unicam SP 2900 AA spec t romete r  

(20  ma t h e o r e t i c a l  response time) and equipped w i t h  a 250 ma 

f.8.d. Pye Unicam AR 55 r e c o r d e r )  o r  with an Ins t rumen ta t ion  

Laboratory 551  Video AA spec t romete r  (62.5 m s  r e sponse  time and 

100 mo f .s .d.  CRT d i s p l a y ) .  

Unless o the rwise  s ta ted ,  t h e  fo l lowing  expe r imen ta l  

cond it i o n s  were used : 

- a n a l y t e t  Pb, 4 ng, p i p e t t e d  a s  Pb(103)2 i n  aqueous 

s o l u t i o n ,  

-wavelength8 283.3 nm, HCL c u r r e n t  5 mA, D2 aro back- 

ground c o r r e c t i o n ,  

- purge  g a s  flow ra te  1.5 l/min argon. 

RESULTS AND DISCUSSION 

It was expected t h a t  t h e  use o t  a sma l l e r  c ros sec -  

t i o n  of t h e  a tomizer  g r a p h i t e  tube would resu'lt i n  a 
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MARINESCU 5 32 

higher  s e n s i t i v i t y , S e n s i t i v i t y  f i g u r e s  obtained w i t h  CTA a r e  

indeed higher  than  those  with t h e  s tandard SP 9-01 tube.  (Fig. 

2)  However such reasons cannot be held respons ib le  f o r  t h e  

s i g n a l  enhancement observed i n  TaCTA t u b e s .  

A f a s t e r  h e a t i n g  r a t e  o f  t h e  metal  f o i l  i s  a l s o  

h ighly  improbable, When ordinary graphi te  tubes  a r e  l i n e d  

wi th  metal  f o i l s  and some e l e c t r i c a l  contac t  between t h e  f o i l  

and t h e  tube w a l l s  is expected, i t  i s  p o s s i b l e  t h a t  p a r t  of  

t h e  e l e c t r i c a l  cur ren t  f lows through t h e  metal  f o i l  and con- 

t r i b u t e s  t o  t h e  hea t ing  of t h e  f o i l  by t h e  thermoelec t r ic  

e f f e c t .  With TeCTA t h e  e l e c t r i c a l  cur ren t  can c r o s s  only a t  

t h e  edges of t h e  end d i s k s  and t h e  contac t  between t h e  f o i l  

and t h e  tube i s  f a r  from p e r f e c t ,  t h e r e f o r e  t h e  c o n t r i b u t i o n  

of  thermoelec t r ic  h e a t i n g  of the  foil, i f  any, should be 

d e f i n i t e l y  nons igni f icant .  

The temperature f i g u r e s  on the  a b s c i s s a  ( F i g . 2 )  

a r e  not the  t r u e  temperatures  but r a t h e r  t h e  values  cor- 

responding t o  t h e  ins t rumenta l  s e t t i n g  on t h e  SP 9-01 power 

supply obtained from t h e  manufecturer 'o c a l i b r a t i o n  curve 

r o r  t h e  standard tube.  The temperature o f  t h e  inner  tube 

l a g s  behind t h a t  of t h e  o u t e r  tube and, because of t h e  

higher  CTA mass, i t  i s  probably lower than t h e  expected 

value although t h e  hea t ing  

s i n c e  f o r  t h e  same temperature s e t t i n g s  t h e  absorbance 

obtained wi th  t h e  TaCTA i s  on t h e  decreasing s lope  while  

w i t h  t h e  CTA i s  sti l l  on t h e  r i s i n g  s lope (Fig.21, t h e r e  i s  

good agreement wi th  t h e  L'vov's and P e l i a y a ' s  f i n d i n g  t h a t  

lower atomizat ion temperature occur on tantalum B u r -  

f a c e s .  

i s  vol tage cont ro l led .  However, 

16 
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Fig.2. Dependence of t h e  atomizat ion peak height  

of 4 ng Pb on the  atomizat ion temperature.  

The lower r e l a t i v e  s e n s i t i v i t y  improvements obtained 

by u s  ( l ined/unl ined  tubes)  a s  aga ins t  t h e  values  obtained 

i n  t h e  above montioned work by L'vov and Pe l ieva  can be 

expplained by hea t  t r a n s f e r  processes  and by t h e  assumption 

t h a t  a s i g n i f i c a n t  c o n t r i h u t i o n  i s  brought by convect ion t o  

t h e  g loba l  hea t  t r a n s f e r .  In an ord inary  g r a p h i t e  tube 

l i n e d  wi th  a metal  f o i l  t h e  higher thermal conduct iv i ty  of 

t h e  metal  sur face  is manifest  i n  a f a s t e r  heat  t r a n s f e r  t o  

both t h e  sample and t h e  sheath gas.  I n  a delayed h e a t i n g  

atomiaer t h e  sample vapor iza t ion  t a k e s  p l a c e  when t h e  inner 

( l i n e d  o r  n o t )  tube becomes heated and a t  t h a t  t ime t h e  

i n e r t  gas  atmosphere i s  a l ready  hot .  Consequently, i f  

t h e  f a s t  hea t  t r a n s f e r  proper ty  of t h e  metal  sur face  I s  

manifest ,  i t  can a c t  on t h e  sample depos i t  only a t  t h e  
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5 34 MARINESCU 

con tac t  s u r f a c e  and it has  a l e s s e r  c o n t r i b u t i o n  t o  t h e  

vepor i za t ion  of t h e  r e s t  of t he  sample becsuse t h i s  p rocess  

is  a l s o  in f luenced  by t h e  a l r e a d y  ho t  atmosphere.  There- 

f o r e ,  i n  2 delayed a tomiza t ion  fu rnace  t h e  e n t i r e  p r o c e s s  

o f  a tomiza t ion  i s  speeded up t o  a r e l a t i v e l y  l e t l s e r  degree  

by t h e  meta l  l i n i n g .  

Although b e t t e r  s e n 3 i t i v i t i e s  a r e  a s s o c i a t e d  w i t h ,  

and e l s o  i t  v!ould be a very convenient procadure t o  c o l l e c t  

a i r  p s r t i c u l a t e s  on a meta l  f o i l  and then  i n s e r t  i t  i n t o  

t h e  a l r e s d y  mounted g r a p h i t e  fu rnece ,  u n f o r t u n a t e l y  t h e  

ae rovo l  sampling and Atomization on a T R  f o i l  cannot be 

used on a r o u t i n e l y  b a s i s .  The f o i l  becomes r a p i d l y  

d i s t o r t e d  and nonreproducib ly  o b s t r u c t s  t h e  o p t i c a l  beam. 

The e v n l u a t i o n  of  t h e  f i g u r e s  o f  mer i t  of t h e  

desc r ibed  a tomiza t ion  f u r n s c e s  (CLP, CTA, and SCTA) was done 

by i n v e s t i g a t i n g  t h e  e f f e c t  produced by NaCl on t h e  etomiza- 

t i o n  o f  lead and by de termining  t h e  recovery  o f  l ead  i n  

n a t u r a l  a e r o s o l  m a t r i c e s .  

The i n t e r f e r e n c e s  induced by t h e  a l c a l i n e  h a l i d e s  

were emphasized i n  numerous works ' 3 ,  '7-*l. C l e a r l y ,  

i r r e s p e c t i v e  of  t h e  proposed mechanism, t h e  h a l i d e  p re sence  

a l t e r s  t h e  temporal pa rame te r s  of t h e  a tomiza t ion  peak. The 

s tudy  of  such p r o c e s s e s  r equ i r eB  a fas t  response  ins t rumenta-  

t i on17 .  

i n t e r f e r i n g  h a l i d e s  on t h e  a tomiza t ion  peak o f  l e a d  can be 

e l u c i d a t e d  even w i t h  commercial equipment. Even though t h e  

a b s o l u t e  time r e s o l u t i o n  o f  t h e  d e t e c t i o n  system is f a r  from 

t h e  i d e a l ,  we f e e l  t h a t  be ing  g iven  t h e  r e l a t i v e l y  slow 

fu rnace  h e a t i n g  r a t e s  de te rmines  a r e l a t i v e  t ime r e s o l u t i o n  

a p p r o p r i a t e  t o  ou r  purpose .  F i g u r e s  3 ,  a- f ,  were ob ta ined  

However, we b e l i e v e  t h a t  some of  t h e  e f f e c t s  of  
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DELAYED ATOMIZATION FURNACES 5 35 

vi 6ngPb 
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TIME TI  ME T I M E  

Fig.3. E f f e c t  of t h e  NaCl concen t r a t ion  on t h e  

shape and t ime evo lu t ion  of lead atomizet ion peak. 

by g r a p h i c a l l y  averaging a s e r i e s  o f  recordings displayed on  

t h e  551 Video CRT when 4 ng of lead were atomized in a SC?A 

a t  2600 O C  (Ash 60OoC; 30 8 ) .  

Some general  remarks can be made on t h e  atomizat ion 

of  lead a t  d i f f e r e n t  concen t r a t ions  of NaC1. 

In  t h e  presence of  low t o  moderately high r e l a t i v e  

concen t r a t ions  (10 t o  10 fo ld  excess  over a n a l y t e )  o f  Mac1 

both peak time and r i s e  t i m e  a r e  s h o r t e r  (Fig.3, b-e) w i th  

r e spec t  t o  t h e  same parameters  a8 obtained f o r  t h e  atomizat ion 

of  pure aqueous Pb(NO3I2 (Fig.3-a). 

2 4 

For moderately high ( l o 3  - lo4) NaCl t o  Pb r a t i o s  

t h e r e  is a double peak and t h e  r e p r o d u c i b i l i t y  i s  d e t e r i o r a t e d  

(Fig.3,  c-e).  
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The Ash s t e p  h a s  a marked i n f l u e n c e  on t h e  atomiza- 

t i o n  peak shape. If t h i s  s t e p  i s  cance l l ed  o r  t o o  low a 

temperature  is  s e l e c t e d ,  a double peak i s  recorded even a t  

low c o n c e n t r a t i o n s  of NaC1. The second peak can be a t t r i b u t e d  

t o  t h e  l e a d  no t  converted i n t o  PbC12. 

of t h e s e  peaks is  poor because l ead  i a  only p a r t i a l l y  converted 

t o  PbC12 dur ing  t h e  e a r l y  s t a g e  of  t h e  a tomiza t ion  s t e p .  

The r e p r o d u c i b i l i t y  

When very h igh  r e l a t i v e  c o n c e n t r a t i o n s  (10 5 f o l d )  

of NaCl t o  Pb a r e  reached,  t h e  o r i g i n a l  peak corresponding t o  

t h e  a tomiza t ion  of pure  Pb(NO3I2 is  a p p a r e n t l y  r e s t o r e d  (F ig .  

3 , f )  

The e f f i c i e n c y  of  t h e  background c o r r e c t o r  was t e s t e d  

w i t h  6 ng Pb i n  1500 p g  NaCl by s e l e c t i n g  i n  t h e  sample channel 

( A )  t h e  280.2 1101 Pb nonabsorbing l i n e :  o n l y  t h e  background cor- 

r e c t i o n  channel (B) displayed a peak d u r i n g  t h e  a tomiza t ion  

s t e p .  

The above mentioned general  remarks hold true even 

w i t h  CLP and CTA, a t  d i f f e r e n t  a tomiza t ion  temperatures ,  and 

us ing  A r  o r  H2 a s  purge gas .  

It seems t h a t  t h e  a l r e a d y  complex mechanism of 

h a l i d e  i n t e r f e r e n c e  on lead has  t o  be completed w i t h  t h i s  

r a t h e r  p e c u l i a r  l l r e s t o r a t i o n l l  of t h e  o r i g i n a l  peak a t  very 

hi& concen t r a t ion  of NaC1. Although unnoticed by t h e  a u t h o r s  

themselves t h i s  e f f e c t  seems t o  be a l s o  p r e s e n t  i n  t h e  r e c o r d s  

of an e x c e l l e n t  paper by Czobik and Matousek”, where some 

l l r e s to ra t ion l l  of  t h e  o r i g i n a l  peak can be observed over  l O p g  

of NaC1. From t h e  same s t u d y  a s h i f t  of t h e  N a C l  vapor i za t ion  

time from 1.25 s t o  1.9 s can be noted when t h e  RaCl concentra-  

t i o n  is increased from 0.2 t o  10 pg. 

whether t h e  l ead  peak time a c t u a l l y  “ r e s t o r e d l  t o  t h e  o r i g i n a l  

It is  hard t o  e s t a b l i s h  
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DELAYED ATOMIZATION FURNACES 537 

value  (1 .8  8 i n  t h a t  study", r e s p e c t i v e l y  2.7 i n  t h i s  s t u d y )  

o r ,  more probably ,  t h i s  value i s  d i c t a t e d  by t h e  moment of  

N a C l  v a p o r i z a t i o n  (1.9 s t h a t  study18, r e s p e c t i v e l y  2 . 8  s 

t h i s  s t u d y ) .  

t h e  b u l k  of  N a C l  p l a y s  t h e  r a l e  of a secondary  L t v o v * s  P l a t -  

form, f u r t h e r  d e l a y i n g  t h e  a tomiza t ion ,  by a n  o c c l u s i o n  

e f f e c t ,  t o  a moment when a h ighe r  t empera tu re  e x i s t s  i n  t h e  

t u b e .  

I n  more s p e c u l a t i v e  t e rms  i t  is probab le  t h a t  

What is d e f i n i t e l y  sure i s  t h e  f a c t  t h a t  t h e  S l a v i n ' s  

and Manning's2' Asse r t ion :  " l ead  v a p o r i z a t i o n  t a k e s  p l a c e  eve ry  

t ime a t  a t empera tu re  which depends on t h e  mat r ix"  is t o  be 

completed: l*and of  t h e  c o n c e n t r a t i o n  of t h e  ma t r ix t t .  

The use  of H2 a s  purge  g a s  d i d  not  r e s u l t  i n  an  

a l l e v i a t i o n  of i n t e r f  erences" probably  because t h i s  approach 

can remove only  l i m i t e d  amounts of  c h l o r i d e s  by v o l a t i l i z a t i o n  

P S  H C 1  but cannot  b e  e f f e c t i v e  when t h e  a n a l y t e  is  swamped i n  

N a C 1 .  

peak t ime f o r  lead  is 1.3 - 1.4 t imes  s h o r t e r  i n  H2). 

be accounted f o r  by t h e  h i g h  h e a t  c a p a c i t y  and thermal  conduct i -  

v i t y  o f  t h e  H2 which improves t h e  h e a t  t r a n s f e r  p rocessee ;  a l s o  

due t o  t h e  low v i s c o s i t y  and t h e  h i g h  d i f f u s i o n  c o e f f i c i e n t  of  

H2 
t i o n  could be found so  f a r  f o r  t h e  l e s s  n o i s y  base l i n e  

recorded  when a c l e a n  tube  i s  hea ted  i n  a hydrogen atmosphere 

t h a n  i n  an  a rgon  atmosphere.  

The peak  e v o l u t i o n  is f a s t e r  i n  H2 t han  i n  A r  ( e .g .  t h e  

This can 

t h e  atom cloud r a p i d l y  d i f f u s e s  out  of t h e  tube .  No explana- 

As f a r  a s  t h e  a tomiza t ion  o f  l e a d  i n  E NaCl m a t r i x  

i s  concerned t h e  C L P ,  CTA and t h e  SCTA compare w e l l  t o  o t h e r  

a tomize r s  desc r ibed  i n  t h e  l i t e r a t u r e .  However, t h e  aim of t h i s  

pape r  is t o  e v a l u a t e  t h e i r  c a p a b i l i t y  t o  a tomize  l ead  from 

s o l i d  a i r  p a r t i c u l a t e s .  S ince  t h e  Concent ra t ion  and t h e  composi- 
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5 38 MARINESCU 

t i o n  of a n a t u r a l  a e r o s o l  is  subjected t o  temporal v a r i a t i o n s  

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

samples by a i r  sampling unless  two i d e n t i c a l  samplers axe 

o p e r a t i n g  a t  t h e  same time. Therefore  an i n d i r e c t  approach 

waa used. A i r  p a r t i c u l a t e s  c o l l e c t e d  on c e l l u l o s e  n i t r a t e  

f i l t e r  s were u l t r a  sono t ed i n  Methyl- 180- buthyl-ketone ( YIBK) 

and a l i q u i d  suspens ion  was obtainod15. 

e s t e r  does not, a f f e c t  t h e  atomizat ion p r o c e e ~ e s ~ ~ ,  t h e  depoe i t  

l e f t  behind a f t e r  t h e  evaporat ion o f  MIBK and t h e  ash of 

c e l l u l o s e  n i t r a t e  reasonably reproduces a depoa i t  obtmined by 

e l e c t r o s t a t i c  p r e c i p i t a t i o n .  The advantage of  t h i s  approach 

is t h a t  a l a r g e  q u a n t i t y  of homogeneous suspension can be 

prepared,  and many a l i q u o t 8  a r e  a v a i l a b l e  f o r  a n e l y s i s  by 

d i f f e r e n t  techniques.  

S ince  t h e  c e l l u l D s e  

The a i r  p a r t i c u l a t e  samples c o l l e c t e d  i n  an urban 

atmosphere con ta in  a high l e v e l  of  lead of  anthropogenic 

o r i g i n  (up t o  2-3%) and most o f  lead c o n t a i n i n g  s p e c i e s  

( ch lo r  i d  e s ,  bromid es, chloro br omid e s, ox i d e s ,  ca rbona te s  ) 

p r e s e n t  i n  such an atmosphere a r e  e a s i l y  e tomizable  spec ie s .  

Therefore  more complex a i r  p a r t i c u l a t e  samples, c o l l e c t e d  

over t h e  Romanian b r m o h  of t h e  Backgxound Air P o l l u t i o n  Mondial 

Network (BAPMoN), were used as MIBK aurpensions.  

Table I summarizes t h e  lead r e c o v e r i e s  obtained 

w i t h  d i f f e r e n t  fu rnaces  from a ee l ec t ed  p a r t i c u l a t e  sample 

t h a t  displayed s low recovery f i g u r e  w i t h  the s tandard SP 9-01 

tube. 

The chemical pretreatment of tho 6 m l e  by addition of 

HpJ03 (d-l.42) direotly into tb graphite furpa00 reeultod 

broader atomization peak (Big.4-a). l b l t l a l l y ,  HW03 wa6 sun- 

peoted t o  promote iome 6econdarg reaatioru h m e n  lead and 

a 
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DELAYED ATOMIZATION FURNACES 5 39 

CTA 

SCTA 

77% 

772 

Standard  Tube 3 8% 

( a )  - Oecomposition i n  Teflon Bomb with : 

HF + HC104 + IIN03 + H20( 1 + 1 + 5 + 20) 
(b )  Decomposition Fn open vessel with:  HC104 + HF (l+l), 

and finally with HN03 (dll.42) 

(c) Errat ic  signals when the final solution is  high in acid 

(d) Percent r a t i o  of the v a l w  obtained using di rec t  calibra- 

t ion  w i t h  P b ( N 0 3 ) 2  in H20-dioxane-MIBK solution, with reference 

t o  the value obtained by PPFE bomb decomposition and standard 

addition oonsidered the best  estimation. A recovery t e s t  would 

be meningless because the added lead stays outeide the aerosol 

par-bicle and does not reac t  w i t h  the concommitants except f o r  

a monolayer a t  the par t ic le  surfce o r  in gas phase 

matrix ooncommitants resu l t ing  in high thermal s t a b i l i t y  

rsgecies. However, the sane deterioration of the atomization 

peak (Fig. 4-b) was obtained by the action o f  HN03 (dd.42) 

on a pure Pb(NOg12 sample. IY carbon reduction of lead oxide 

18 the prinoipal meohanlam responsible for the generation of 

lead 

a deactivation of the reducing properties of the graphite, 

then it ie probable t h a t  HNO,, action r e s u l t s  in 
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TIME 

Flg.4. Inf luence of t h e  n i t r i c  ac id  on t h e  peak 

shape8 a - n a t u r a l  sample of atmospheric p a r t i -  

c u l a t e e i  b - s y n t h e t i c  aample of aqueous l ead 

n i t r a t e .  (Carbidized CTA o r  L’vov Pla t forms)  

The better e s t i m a t e s  obt;aIned by d i r e c t  calibration 

when the sample i 6  Introduced a8 MI= sU8penSiOn suggSat 8R 

analogy with the FABTAU egstem2’. Better reooveries were 

obtained when the eample wee rprayed ar an aaroeol onto the 

hot wall of the furnace (BASTAC) than when U n g  dirscrete 

amplee (manual pipett ing) .  It meme reaeonable t o  aerume 

that the high area/volume rabioa of both natural aerosols 

and nebul ize t ion  produced aerosols  wou ld  r e s u l t  i n  a b e t t e r  

hea t  t r a n s f e r  t o  t h e  sample. 

Although b e t t e r  lead e s t i m s t e s  were obtained f o r  

t h e  s o l i d  a e r o s o l  w i t h  delayed furnaces ,  d i r e c t  c a l i b r a t i o n  

i s  s t i l l  not recommended. The s tandard a d d i t i o n  i s  not o n l y  
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ques t ionab le  (Table  I, n o t e  d )  but a l s o  d i f f i c u l t  t o  o p e r a t e  

vii th a s  t h e  unique and t h e  i n d i v i s i b l e  sample ob ta ined  by 

e l e c t r o s t a t i c  p r e c i p i t a t i o n ,  u n l e s s  a sequence of t ime 

d i f f e r i n g  samples,  i s  cons idered  a a e r i e s  o f  a l i q u o t s .  The 

s o l u t i o n  t o  t h i s  problem seemes t o  be t h e  d i r e c t  c a l i b r a t i o n  

w i t h  a s t anda rd  matching a s  much a s  p o s s i b l e  t h e  p h y s i c a l  

and chemical p r o p e r t i e s  o f  t h e  sample. A secondary  s o l i d  

s t anda rd  ob ta ined  by p o o l i n g  a l a r g e  number of samples 

suspended i n  a s u i t a b l e  so lven t  would be a r easonab le  a l t e r -  

n a t i v e  . 15 

The d e s c r i b e d  delayed a tomiza t ion  f u r n a c e s  f o r  

e l e c t r o s t a t i c  p r e c i p i t a t i o n  of a i r  p a r t i c u l a t e 6  a r e  a b e t t e r  

a l t e r n a t i v e  t o  s t anda rd  f u r n a c e s  and can be opera t ed  on 
commercial A A  equipment, and w i t h  a l i t t l e  i ngenu i ty  and 

e n g i n e e r i n g  t h e  system can be adapted f o r  au tomat i c  s e q u e n t i a l  

an8 l y s i  s23. 
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