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FOREWORD 

Man and his environment must be protected from the adverse 

effects of pesticides, radiation, noise, and other forms of 

pollution, and the unwise management of solid waste. Efforts to 

protect the environment require a focus that recognizes the 

interplay between the .components of our physical.environment-- 

' air, water,, and land.   he Ames Laboratory of U. S.D. 0.  E. 

contributes to this multidisciplinary focus through programs 

engaged in 

" studies on the effects of environmental contaminants on 

the biosphere, and 

" a search for ways to prevent contamina.tion and to recycle 

valuable resources. 

The identification of polynuclear and other hydrocarbons 

which are sorbed on soot fly ash from power plants burning 

fossil and other fuels has important implica.tions. This report 

emphasizes the analytical technologies that apply: easily to soot 

may not necessarily be applicable to fly ash emissions from a 

power plant burning coal and combustible trash. 

Harry J. Svec 
Assistant Program Director 
Ames Laboratory-U.S. D. 0. E. 



ABSTRACT 

A l i p h a t i c  and po lynuc lea r  a romat ic  hydrocarbons ' a r e  

r e a d i l y  e x t r a c t e d  from s o o t  formed from a na . tu ra l  g a s  f lame . . 

u s i n g  methylene c h l o r i d e  and u l t r a s o n i c  a g i t a . t i o n .  I d e n t i f i -  

c a t i o n  o f  24 o rgan ic  compounds v i a  c a p i l l a r y  column GC r e t e n -  

t i o n  t imes  and GC-MS d a t a  i s  r epo r t ed  a long  wi th  d e t a i l s  o f  

exper imenta l  procedures .  

LIST OF ABBREVIATIONS AND SYMBOLS 

ABBREVIATIONS 

PAH -- p o l y c y c l i c  a romat ic  hydrocarbons 

GC -- g a s  chromatograph 

FID -- f lame i o n i z a t i o n  d e t e c t o r  

I . D .  -- i n t e r n a l  d iameter  

GC-MS -- g a s  chromatograph-mass spec t rome te r  

TIM -- t o t a l  i on  moni tor  

DBP -- dibenzpyrene 
t 

SYMBOLS 

z -- average . d e v i a t i o n  
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INTRODUCTION 

i The a n a l y s i s  of environmental polycycl ic  aromatic hydro- 

carbons (PAH) i s  a  problem of growing concern f o r  many 

researchers  We a r e  c u r r e n t l y  s tudying t h e  organic  

emissions from a combination coal - refuse  f i r e d  u t i l i t y  p lan t ,  

with emphasis on t h e i r  PAH content .  Several  r e p o r t s  ( lm8)  s t a t e  

t h a t  PAH a r e  ubiqui tous  p o l l u t a n t s  r e s u l t i n g  from i n e f f i c i e n t  

burning. Af ter  more than one year  of sample c o l l e c t i o n  and 

analyses  we have found very l i t t l e  i f  any PAH i n  e i t h e r  t h e  

vapor o r  on t h e  p a r t i c u l a t e  emissions from t h e  power p l a n t .  

These c o n s i s t e n t l y  negat ive r e s u l t s  have l e d  us  t o  t e s t  

our a n a l y t i c a l  methodology extens ive ly ,  inc luding  both s tandard 

methods descr ibed i n  t h e  l i t e r a t u r e  and our own o r i g i n a l  proce- 

dures.  This report, descri.bes one of these  t e s t s  using soot  

generated from t h e  combustion of n a t u r a l  gas .  I n  a  s i m i l a r  

study, Hase e t . a l .  (') have repor ted  t h e  presence of PAH i n  t h e  

soot  from methane d i f fus ion  flames. 



. EQUIPMENT AND METHODS 

~nstnunentat ion 

A 100 watt Bransonic B220 ultrasonic bath was used for the 

solvent extraction. 

A Perkin-Elmer 3920 gas chromatograph (GC) equipped with a 

flame ionization detector (FID) and modified for splitless 

injection on capillary columns was used for the analysis of the 

components extracted from the soot. The following conditions 

were used: 

Column: SE-30 glass capillary, 30m x 0.25m.m I.D. (J & W 

Scientific ) 

Detector Temp.: 300°C 

Injector Temp.: 300°C 

Coluqn Temp.: 2 min hold at 50°C followed by an 8"~/min 

increase to 250°C with a 16 min hold 

- 2  
,Column Pressure: 2.8~g cm at 50°C 

Injection Type: Splitless for 15 s .  

A DuPont 21-490-1 gas chromatograph-mass spectrometer 

(GC-MS) was used to obtain GC separations and mass spectral 

data for identification purposes. The gas chromatograph part of 

this instrument, a Varian 1400, was equipped with a septum purge 

and .a vacuum operated solvent vent valve. The following 

conditions were used: 

Column: 3% OV-17 on 80-100 mesh Gas Chrom W-AW-DMCS packed 

glass, 2m x 17mm I.D. 

In j ec to r  Tcmp. : 3 1 6 " ~  



I n t e r f a c e  Temp.: 310°C 

Column Temp. : 15"c/min increase  from 1 0 0 ' ~  t o  325°C. 

A Honeywell 2 1 0 6 ' ~ i s i c o r d e r  was used t o  record t h e  mass 

s p e c t r a l  d a t a  and conventional one m i l l i v o l t  s t r i p  c h a r t  record- 

e r  was used t o  record the  output  of t h e  t o t a l  ion monitor (TIM) .  

Sample Genera.tion 

A p e t r i  d i s h  supported over an oxygen d e f i c i e n t  n a t u r a l  gas 

flame was used t o  c o l l e c t  120mg of soot .  

The soot  was ex t rac ted  w i t h  methylene ch lo r ide  f o r  15 min 

using u l t r a s o n i c  a g i t a t i o n  of t h e  solvent-soot  mixture.  The 

s o l u t i o n  was f i l t e r e d  through a  medium p o r o s i t y  s i n t e r e d  g l a s s  

f r i t .  The f i l t e r e d  e x t r a c t  was concentrated by d i s t i l l a t i o n  t o  

200pl f o r  c a p i l l a r y  column gas chromatography and f u r t h e r  con- 

centra.ted by f r e e  evaporation t o  lop1 f o r  packed column GC-MS 

work. Four-pl a l i q u o t s  of t h e  concent ra te  were used f o r  both 

analyses .  

I d e n t i f i c a t i o n s  

Tenta t ive  i d e n t i f i c a t i o n s  were made by comparing absolu te  

r ,e ten t ion  t imes of s tandard PAH t o  those of t h e  ex t rac ted  compo- 

nents  separated on t h e  c a p i l l a r y  GC column. Confirmation was 

based on t h e  coinc'idence of r e l a t i v e  r e t e n t i o n  t imes and mass 

s p e c t r a l  matches of sample and s tandard compounds from the  GC-MS 

An example.of t h e  raw d a t a  used t o  make mass s p e c t r a l  
. 

matches i s  shown i n  Fig. 1. The d i f f e r e n c e  spectrum between the  

unknown and dibenzpyrene (DBP) was used t o  c a l c u l a t e  an absolu te  



Figure 1. Mass'spectral matching data for DBP. 
. , . , 
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average dev ia t ion  (a )  using t h e  fol lowing equation: 

where n = number of ion i n t e n s i t y  comparisons, 

~ ( s t d )  I i n t e n s i t y  of t h e  ion normalized t o  t h e  base 

peak of the  s tandard spectrum 

and ~ ( u n k )  i n t e n s i t y  of t h e  ion  normalized t o  t h e  peak of 

t h e  unknown spectrum corresponding t o  t h e  base 

, peak of t h e  s tandard spectrum. 

The 3 f o r  t h e  above example w a s  3.5. Tes ts  w i t h  s tandard 

m a t e r i a l s  have shown t h a t  t o  confirm an i d e n t i f i c a t i o n ,  t h e  a 
must be hess than 5. Ions used i n  the  equation were s e l e c t e d  by 

a  method based on t h e  reverse  search  p r i n c i p l e  descr ibed by 

s e v e r a l  au thors  (29-33) 

RESULTS 

The e x t r a c t  from the  soot  i s  a very complex mixture of 

organic m a t e r i a l s  a s  shown by t h e  c a p i l l a r y  column chromatogram 

i n  Fig. 2.  However, most of the  m a t e r i a l  present  i s  concen- 

t r a t e d  i n t o  only a  few peaks. T h i s  r e l a t i v e  s i m p l i c i t y  allowed 

f o r  d i r e c t  packed column separa t ions  i n  t h e  GC-MS a n a l y s i s  of 

t h e  e x t r a c t  from soot  without r e s o r t i n g  t o  p r i o r  c l a s s  separa- 

t i o n s .  

The componerl'l;~ uf t h e  e x t r a c t  t h a t  have been i d e n t i f i e d  

a r e  l i s t e d  i n  Table 1. An "x" was placed i n  the  appropr ia t e  

space i f  t h e  fol lowing condi t ions  were met: 

GC-MS, R t  . r e t e n t i o n  times of unknown and s tandard,  r e l a t i v e  
R' . 



Figure  2 .  C a p i l l a r y  co~lumn chromatogram of n a t u r a l  gas  flame s o o t  
e x t r a c t .  



.-TABLE 1'. IDENTIFICATION DATA - METHANE FLAME SOOT 

. 

Positively 
Identified 

+ 

+ . 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Compound 

n-hexadecane 
. . 

n-hept adecane 

n-octadecane 

n-nonadecane 

dibutylphthalate 

di(2-ethylhexy1)phthalate 

biphenyl 

phenanthrene la anthracene 

f luoranchene 

pyrene 

benz[e]pyrene 

RtR 

: X 

X 

; X  

X 

X 

X 

X 

x 

. X  

x 
X 

tR 

X '  

X 

X 

X 

X 

X 

X 

x 
X 

. .  

capillary Colunn GC 
$ Tot a.1 

Peak Height 

2.86 

6.11 

5.81 

3 92 

1.70 

0.30 

1.51 

0.31 

6.52 

8.50 

1.06 

MS 

X 

X 

X 

X 

X 

X 

X 

x 

X 

x 
X 

GC-MS 
% Total 
Peak Area 

6.12 

. 12.90 

12.90 

13.60 

4.76 

6.80 

0.68 

1.36 

3.40 

8.84 

0.68 



.-. 

TABLE 1. ( c o n t l d )  

&packed GC oolumn had i n s u f f i c i e n t  r e s o l u t i o n  f o r  t h e s e  compounds. 



t o  i n t e r n a l  n-hexadecane, agreed wi th in  2%. 

Cap i l l a ry  Column GC, tR; absolu te  r e t e n t i o n  times of unknown 

:and s tandard agreed wi th in  0.5%. 

'GC-MS, MS; between unknown and standard mass s p e c t r a  was 

. l e s s  than 5. 

A s u b s t a n t i a l  percentage of t h e  i d e n t i f i e d  m a t e r i a l  was PAH 

a s  shown i n  Table 1. This m a t e r i a l  p lus  o t h e r  components iden- 

t i f i e d  cons ' t i tu t e  41% and 76% of t h e  t o t a l  de tec ted  by FID and 

TIM respec t ive ly .  The TIM values a r e  probably high due t o  

i n s u f f i c i e n t  sepa ra t ion  of components on t h e  packed GC-MS 

column. The FID values may well  be low s ince  peak height  

measurements were used and . . most of t h e  i d e n t i f i e d  components 

e lu ted  i n  t h e  l a t t e r  p a r t  of the  chromatogram. 

DISCUSSION 

The r e s u l t s  l i s t e d  i n  Table 1 show t h a t  t h e  methodology 

used i n  t h i s  s tudy i s  adequate f o r ,  t he  measurement of PAH from 

soot .  These r e s u l t s  a r e  i n  agreement with those published i n  

s i m i l a r  s tud ' ies  (39 9 )  

Continued analyses  of p a r t i c u l a t e  mat ter  c o l l e c t e d  from the  

power p lan t  have.  r e s u l t e d .  i n  no i d e n t i f i c a t i o n s  of PAH. P a r t  of 

t h e  problem comes from t h e  increased complexity of the  power 

p l a n t  emission samples. A chromatogram of such a  sample i s  

shown i n  Fig. 3. The t o t a l  chromatographable m a t e r i a l  present  

i n  t h e  sample exceeds t h a t  of t h e  soot  sample, but t h e  ma te r i a l  

i s  evenly spread over'many hundred peaks making t h e  i d e n t i f i c a -  

t i o n  process much more d i f f i c u l t .  This complexity n e c e s s i t a t e s  



FLgure 3. Cap i l l a ry  column chr-otnatograrn of power p lan t  f l y  ash e x t r a c t .  



t h e  use of chemical c l a s s  sepa ra t ions  p r i o r  t o  GC-MS a n a l y s i s  o r  

t h e  use of s e l e c t e d  ion  monitoring f o r  p rese lec ted  PAH. However, 

chemical c l a s s  separa t ions  g e n e r a l l y  l ead  t o  sample l o s s  and 

increased background. Selected ion monitoring i s  a  h ighly  

s e n s i t i v e  and s e l e c t i v e  t o o l ,  but  only one compound per  GC 

a n a l y s i s  can be determined. If any a r e  de tec ted  by t h i s  method, 

no confirmation can, be made uslng.  c a p i l l a r y  column r e t e n t i o n  

da ta .  It i s  a n t i c i p a t e d  t h a t  t h e  a c q u i s i t i o n  of new instrumen- 

t a t i o n  with improved separa t ion  c a p a b i l i t i e s  may a l l e v i a t e  some 

of these  problems. 
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