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MULTICOMPONENT POLYCYCLIC AROMATIC HYDROCARBON 

ANALYSIS OF INLAND WATER AND SEDIMENT 

W. H. Cri~c;t . . . . .  . . 

Oak ' ~ i  dge Nat iona l  ~ a b o r a t o r ~  

Oak Ridge, Tennessee USA 37830 

Many- po l ycyc l  i c  aromat ic  hydrocarbons (PAHs) e x h i b i t  consid-  
erabl  e carc inogenic,  mutagenic, o r  t o x i c  a c t i v i t y .  Methods f o r  

.. . re1  i a b l e  i d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  o f  PAHs i n  the  aqueous 

. envi  ronment a re  impor tan t  f o r  assessment o f  t h e  p o t e n t i a l  e n v i  ron- 
- .  . mental impact of processes re.1 easi  ng such compounds i n  aqueous 

d i  scharges. Thi s paper repo r t s  t he  devel opment o f  mu1 t i  component 
PAH a n a l y t i c a l  methods f o r  i n l a n d  water and sediment. 

The method cons i s t s  . o f  separate steps f o r  PAH e x t r a c t i o n ,  
i s o l a t i o n  and concent ra t ion ,  and i d e n t i . f i c a t i o n  and q u a n t i f i c a t i o n .  
Each s tep  i s  consi.dered . sepa ra te l y  below. 

' PAH EXTRACTION 

A gross organ ic  e x t r a c t  con ta in ing  PAHs must f i r s t  be ob ta ined 
from t h e  sample m a t r i x .  I d e a l l y ,  the method should provi'de quan t i -  
t a t i v e  recover ies  wi. th a minimum o f  t ime and' manpower. T r a d i t i o n -  
a l l y ,  water  samples a re  shaken (eg., S t rosher  and Hodgson, 1975) 
w i t h  an immiscibl 'e o rgan ic  s o l v e n t  and sediments a r e  s o x h l e t  ex- 
t r a c t e d  (eg., Giger  and Schaf fner ,  1978) w i t h  an o rgan ic  so l ven t .  
Radi 0-1 abel ed PAH t r a c e r s  were u t i  1 i zed t o  determine optimum con- 
d i  t i o n s  f o r  e x t r a c t i o n  o f  PAHs from sediment and water.  One 1 i t e r  
samples o f  water  were spiked i n  separate experiments w i t h  known 
a c t i v i t i e s  o f  carbon-14 labe led  naphthalene ( 1 4 c - ~ a p ]  and carbon- 
14 . l abe led  . benzo(a)pyrene, (14C-BaP) and were e x t r a c t e d  w i t h  100 
m l  p o r t i o n s  o f  water -equ i l  i bra ted  c y c l  ohexane .in 2 1 separ2 tory  
funnels equipped w i  t h  Tef lon  .stopcocks. L i q u i d  s c i  n t i l  1 a t i  on 
count ing o f  an a1 i q u o t  o f  the  pooled cyclohexane e x t r a c t  i n d i c a t e d  



quan t i  t a  t i  ve recovery of both t r a ce r s  in three  ex t rac t ions  . Four 
ex t rac t ions  of water samples with 0.1' volumes. of cyclohexane a r e  
ca r r i ed  out  rout inely  t o  stri  ve f o r  complete recovery of a l l  
aqueous PAHs . 

. . Sediments pose a g rea te r  ex t rac t ion  probl em, but extended 
soxhle t -extract i  on wi t h  acetone i s  e f f ec t i ve  i n  recovering PAHs. 
One hundred gram a l iquo ts  of wet sediment were thoroughly mixed i n  
separa te  experiments w i t h  1 4 c - ~ a p  or 1 4 c - ~ a p ,  packed in to  43 X 123 
cm c e l l  ul ose thimbles, and were soxhl e t -ext racted ' w i t h  250 ml of 

. . .  . acetone. Per iod ica l ly ,  a1,iquots of the .acetone ex t r ac t  were with- 
drawn f o r  tracer. . recovery measurements. Whereas al  i quots of  the  

. .. water e x t r a c t s  could be d i r e c t l y  analyzed by .l iquid s c i n t i l l  a t ion  
spectrometry, the  s c i n t i l l a t i o n  quenching from gross amounts of 
organic compounds i n  the  raw sediment ex t r ac t s  necess i ta ted  a sim- 
ple  ' p u r i f i c a t i o n  of an a1 iquot  on a sho r t  1 ayered F lor i s i  l lalumina.  

. column (3.5 cm x. 1 . l  cm OD each) with benzene p r io r  t o  l iqu id  sc in-  
. . ti  11 a t ion  t r a c e r  recovery measurements. Soxhl e t  ex t rac t ion  f o r  68 

hours was s u f f i c i e n t  t c j  quanti t a t i  vely recover both t r a ce r s  .' For 
convenience, such extrac.tilons a r e  .routinely. extended t o  7.2 .-hours. 

Separate a1 iquots of sediment a r e  dryed a t  1 10°C t o  constant  
weight to  allow ca lcu la t ion  of a dry/wet weight r a t i o  f o r  expres- 

. . sion of PAH ana ly t i ca l  r e s u l t s  i n  terms of the  dry weight o f  the  
. . sediment sample. A1 iquots of sediment f o r  PAH measurements a r e  not 
.. - dr ied ;  thus losses  of v o l a t i l e  P A t k  a r e  redliced by .t.t,~'i s separa te  

dry weight measurement. 

PAH ISOLATION AND CONCENTRATION 

The PAHs i n  the raw water and sediment ex t r ac t s  a r e  next  i so -  
la ted  by a two s t ep  adsorption column chromatography procedure. 
More compl ex i so l a t i on  procedures (Kubota, Gr i e s t ,  and Guerin , 1975) 
incorporating 1 iquid-1 i qui d pa r t i t ion ing  p r io r  t o  adsorption column 
chromatography a r e  not necessary to  prepare a PAH i s o l a t e  s u i t a b l e  
f o r  ana lys i s  by gas chromatography ( G C )  . Cycl ohexane ex t r ac t s  of 
water a r e  concentrated t o  10 ml and a r e  applied to 10 g of Fl o r i s i l  
i n  a 25 ml bu re t t e  and.  a r e .  e lu ted wi t h  150 ml of 611 hexane/benzene 
(volume/volume convention wi 11 be used throughout).  Acetone ex- 
t r a c t s  of sediment 'are reduced t o  10 ml , di lu ted  . t o  60 ml w i t h  
water, and extracted four times w i t h  20 ml of cyclohexane. These 
cycl ohexane ex t r ac t s  .are  then t rea ted  iden t i  ca1l.y t o  the water ex-. 
t r a c t s  described above. 

The e n t i r e  e l ua t e  from the  F lo r i s i l  column i s  then re-concen- 
t r a t ed  t o  10 ml and passed through 20 g of neu t ra l ,  deactievated ( 4  
percent moisture)  a1 umina, using a hexanelbenzene s t ep  gradient  of 

' 611 (100 ml) and 211 (300 ml). The PAH i s o l a t e  i s  obtained i n  two 



f r a c t i o n s  d e f i n e d  by the  t r a c e r s :  a d ia roma t i c  f r a c t i o n  con ta in -  
i n g  ma in l y  a l k y l  naphthalenes, acenaphthenes, and acenaphthalenes, 
and a po lyaromat ic  f r a c t i o n  c o n s i s t i n g  o f  t h r e e  t o  seven r i n g  PAHs 
and t h e i r  a1 k y l  d e r i  v a t i  ves. Each f r a c t i o n  i s separa te ly  reduced 
t o  a known volume by evapora t ive  concen t ra t i on  w i t h  d r y  f l o w i n g  
n i t rogen.  under reduced pressure and temperature. 

PAH IDEr4TIFICUTION AED QUANTl FICATION 

Q u a l i t a t i v e  i d e n t i f i c a t i o n .  o f  PAHs i n  t he  p u r i f i e d  PAH f r a c -  
t i o n s  i s  achieved by comparison o f  GC r e t e n t i o n  t imes and mass : 
spec t ra  w i t h  those o f  a u t h e n t i c  PAH standards. Rout ine GC analy-  
ses a re  performed on a 6.6 m x 3 0D.g lass column packed w i t h , 3  
per.cer1.t Dexs l l  400 on 1 UU/ IZO mesh Supelcoport .  Temperature pro-  
grammi ng f rom . l O O ° C  t o  320°C a t  1 O C / m i  n a1 1 ows el 'u ti on o f  PAHs 
rang ing  f rom .two r i n g s  (eg. , naphthalene) through seven r i n g s  (eg 
coronene) i n  approx imate ly  f o u r  hours. D i  f f i  cu l  t - t o - r e s o l  ve PAH 
isomers which a r e  separated w i t h  f a i r l y  .good success i n c l u d e  phe- 
nanthrenelanthracene , benz(a)anthracene/chrysene , and benzo (e ) -  
pyrene/benzo(a)pyrene. 

PAH concent ra t ions  a re  c a l c u l a t e d  by compar ing GC peak areas 
w i t h  those o f  an ex te rna l  standard. Recovery c o r r e c t i o n s  f o r  losses 
o f  PAHs i n  i s o l . a t i o n  and hand l i ng  are  es t imated  by 1 i q u i d  s c i n t i l -  

- . - l a t i o n  coun t i ng  0.1 .volume a1 iq t .~ots o f  t he  f r a c t i o n s  i n  10 m l  o f  
s c i n t i  11 a t o r  . s o l u t i o n  prepared by d i s s o l v i n g  15 g o f  2,5-di phenyl-  

.. oxazole and 190 mg o f  1 $4-b i  s-[5-phenyl-oxazol el-benzene i n  one 
g a l l o n  o f  reagent  grade to luene.  . . 

I n i t i a l  e v a l u a t i o n  o f  t he  method has focused .upon PAHs i n  
sediment because o f  t h e  a b i l i t y  o f  stream and r i v e r  sediments t o  
concent ra te  PAHs f rom water  by t h r e e  t o .  f o u r  o rders  o f  magnitude 
(.Ande,lman and Suess, 1970). An experiment was conducted t o  de te r -  
mine the  s t a b i  1 i t y  . o f  sediment PAHs du r i ng  s torage o f  samples, and 
t o  d e f i n e  the  accuracy and . p r e c i s i o n  o f  t he  a n a l y t i c a l  method.' For 
t h i s  experiment,  e i g h t  100 g rep1 i c a t e  samples o f  stream sediment 
p rev i .ous ly  demonstrated t o  be f r e e  o f  de tec tab le  PAHs (1 i m i  t o f  
d e t e c t i o n  approx imate ly  0..05 pg/g f o r  t h i s '  sample s i  ze) were spiked 

. . w i t h  m u l t i p l e  un labe led  PAHs a t  concent ra t ions  o f  about 3 pg/g each 
t o  simul a t e  contaminated sediment. Each sample was .sp i  ked wi t h  
l4C-t4ap and l y C - ~ a P ,  and a f t e r  a d d i t i o n  o f  10 m l  acetone was s to red  
a t  4°C i n  t h e  dark.  F0u.r samples were analyzed immediately;  two' 
o t l -~e rs  were analyzed a f t e r .  two weeks o f  storage and the  f i n a l  two 
a f t e r  f o u r  weeks o f  s torage.  The r e s u l t s  o f  t h e  analyses expressed 

' i n  terms o f  t h e  percentage co r rec ted  recove r ies  o f  t h e  polyaromat ics 
a r e  shown i n  Tab1 e 1. Data f o r  p icene and o-phenylene pyrene are  



n o t  i nc luded  because they were n o t  recovered. The constant  abso- 
l u t e  recovery o f  t h e  14C-~aP t r a c e r  and the co r rec ted  recover ies  
o f  t h e  spiked PAHs i n d i c a t e  t h a t  there  i s  no s i g n i f i c a n t  l o s s  o f  
PAIis ( o t h e r  than the two noted)  f rom these sediment samples over  a  
f o u r  week per iod  o f  s torage under these storage cond i t ions .  Thus, 
we conclude t h a t  the  combinat ion o f  acetone, reduced temperature, 
and darkness suppress PAH degradat ion mechanisms f o r  t h i s  p a r t i c u -  
l a r  sediment, and t h a t  chemical ana lys i s  may be delayed a t  l e a s t  
one month w i t h  no apprec iab le  e f f e c t s  on r e s u l t s .  However, t h i s  
concl us ion  may n o t  nesessari  l y  h o l d  t r u e  f o r  sediments c o l l e c t e d  
from o t h e r  s i t e s .  

A n a l y t i c a l  accuracy and p r e c i s i o n '  a re  de f ined by the  l a s t  two 
colunins o f  da ta  i n  Table, 1. Recoveries o f  most polyaromat ics a re  . . , . 

c l ose  - t o  q u a n t i t a t i v e ,  f o r .  species rang ing  from a1 k y l a t e d  three-  
r i n g  PAHs through s i x - r i n g  PAHs. These data i n d i c a t e  the  a b i l i t y  
o f  t h e  multicomponent method t o  q u a n t i t a t e  a  l a r g e  number o f  PAHs 
w i t h  reasonable accuracy. PAHs on bo th  extremes o f  t he  polyaro-  

: . ma t i c  f r a c t i o n  are  recovered w i t h  a low b ias ,  suggest ive o f  evapo- 
r a t i v e  losses f o r  t he  more v o l a t i l e  PAHs (eg., f luorenes) ,  and 
incomplete sediment e x t r a c t i o n  f o r  t h e  very l a r g e  PAHs (eg., an- 
thanthrene) .  Prec is ion ,  as i n d i c a t e d  by  the  re1 a t i v e l y  1  ow stan- 
dard dev ia t i ons ,  i s  very good f o r  such a  wide range mu1 ticomponent 

' .  method. 

. - Table 2 shows t h e  absolute recover ies  o f  seven rep resen ta t i ve  
d i  aromati  cs . Absolute recover ies  a re  repo r ted  because o f  the 1 ow 
and w ide l y  d i f f e r i n g  recover ies ,  which prevent  any one species (such 

':. as 1 4 C - ~ a p )  f rom accu ra te l y  d e f i n i n g  t h e  recover ies  o f  t he  .o thers .  
The recover ies  a r e  i n v e r s e l y  p ropo r t i ona l  t o  vapor pressures' o f  the  
d ia romat i  cs , suggest ing evapora t ive  1  osses d u r i n g  s0.1 vent  concen- 
t r a t i o n  steps. . D i  f f e r e n t i  a1 recovery f a c t o r s  re1  a t i  ng the  recovery 
o f  each d ia romat i c  t o  a  s i n g l e  species cou ld  be employed t o  c o r r e c t  
t h e  recover ies  o f  t h e  d ia romat ics ,  b u t  t he  prec is ion  o f  these fac-  
t o r s  i s  poor. Fu r the r  work on improving the  ana lys i s  o f  d iaromat ics 

- i s  t n  progress. 

. . APPLICATIONS 

The b u l k  o f  the mu1 ticomponent PAH a n a l y t i c a l  a p p l i c a t i o n s  
have been made w i t h  an o l d e r  vers ion  o f  t he  present  i s o l a t i o n  pro-  
cedure, which incorpora ted  a  s e r i a l  so l ven t -  p a r t i t i o n i n g . p r e p u r i f -  
i c a t i o n  s tep  p r i o r  t o  t he  adsorp t ion  column chromatography steps 
(Kubota, G r i e s t ,  and Guerin , 1975). This  p r e p u r i f i  c a t i o n  step sub- 
sequent ly  has been found t o  be unnecessary f o r  sediment ana lys is ,  
b u t  r e s u l t s  ,of t he '  o l d e r  procedure a r e  equ iva len t  t o  those obta ined 
by t h e  present  procedure, Some of t he  former a r e  descr ibed below. 
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Tabl'e 1 . . 

Cor rec ted  Recover ies o f  Po lya romat i cs  and Tracer  i n  Spiked Sediment 
as a Func t i on  of Storage Time 

PAH 

F l  uorene 
1 -Me t h y l  F l  uorene 
Phenanthrene 
Anthracene 
2-Methyl Anthracene 

1 -Me t h y l  Phenanthrene 
9-Methyl '  Anthracene 
F l  uoranthene 
Pyrene 
B e n z o ( a ) f l  uorene 

Benzo(b ) f l  uorene 
1 -Me t h y l  Pyrene 
Benz(a)anthracene 
Chrysene " 

Benzo (a )py rene  

Pe ry l  ene 
3-Methyl  Chol anthrene 
Benzo ( g h i  ) p e r y l  ene 
An than th rene  

Cor rec ted  Percen t  Recovery a t  Storage Time 
I n i t i a l  2 Weeks 4 Weeks 

~ ? C - B ~ P  Abso lu te  
Recovery 

Cumulat ive Data 
Avg. + Std.  Dev. 



Absol ute Recovery of Representati ve Diaromati cs in Spi ked Sediment 

Average + standard, Deviation 
D i  f f e ren t i  a1 

Absol ute Recovery 
Di aromati c Recovery (%)  Factor 

Naphtha1 ene 
2-Methyl Naphthalene 
1 -1lethyl Naphtha1 ene 
Biphenyl 
2,6-Dimethyl Naphthalene 
1,5- + 2,3-Dimethyl Naphthalenes 
Acenaphthene 



Figures 1  and 2 show t h e  polyaromat ics i n  stream sediments 
c o l l e c t e d  i n  t h e  v i c i n i t y  o f  a  cok ing  p lan t ,  a  s t e e l  r o l l i n g  m i l l  
(and a  nearby c i t y ) ,  and a  petro leum tank farm. A c h a r a c t e r i s t i c  
"PAH f i n g e r p r i n t "  i s  obta ined f o r  each source. The cok ing  p l a n t  
re leases main ly  t h e  parent ,  unsubs t i t u ted  PAHs rang ing  up t o  a t  
l e a s t  s i x  r i n g s  i n  s ize ,  c h a r a c t e r i s t i c  o f  h igh  temperature PAH 
fo rma t ion  processes (Blumer, 1976). Concentrat ions o f  PAHs i n  t h e  

. . . sediment (Table 3) range f rom 0.1 t o  31 ug/g ( d r y  weight  bas i s ) ,  
and a r e  very  s i m i l z r  t o  those repo r ted  i n  an EPA s tudy  (Bass e t  

.: . .. al., 1974). Concentrat ions o f  PAHs i n  t h e  e f f l u e n t  channel wa.ter 
: . a r e  i nc luded  i n  Table 3. ~l though they a r e  th ree  t o  f o u r  orders . .. . 

o f  magnitude lower than i n  sediment, ( i n  agreement w i t h  da ta  r e -  
-. - viewed i n  Andelman and Suess, 1970) they do n o t  para1 l e l  those of - . .. 
' .  . .. . t h e  sediment. Th i s  r e s u l t  may a r i s e  f rom t h e  f a c t  t h a t  t h e  sam- . . ples were taken f rom a  dynamic, f l o w i n g  system i n  which sediment . . .. 
::: and water  PAHs probably a re  n o t  i n  equ i l i b r i um.  
... . -.- - ,,. . . ,. . .. .. . .. I n  marked c o n t r a s t  t o  t h e  unsubs t i t u ted  PAHS frorn t h e  cok ing  
. :  p l a n t ,  t he  sediment PAHs near t h e  s t e e l  r o l l i n g  m i l l s  and t h e  
' . :  . pet ro leum tank farm appear t o  be predominant ly m u l t i a l k y l a t e d  
1: d e r i v a t i v e s ,  as i s  commonly observed w i t h  PAHs formed a t  lower  
. temperatures (B l  umer, 1976). However, even between the  l a t t e r  two 
' ' sources, s i g n i f i c a n t  d i f fe rences i n  concen t ra t i on  as a  f u n c t i o n  o f  
:'. . PAH r i n g  s i z e  a r e  apparent. The mu1 t i a l  k y l a t e d  sediment PAHs sam- 
- ,  

. p l e d  near t h e  s t e e l  r o l l i n g  m i l l  a re  main ly  f o u r  through s i x  r i n g s  
. i n  s i z e  w h i l e  those nea r  the  petro leum tank farm are  l i m i t e d  t o  

" t h r e e  and f o u r  r i ngs .  Concentrat ions o f  rep resen ta t i ve  PAHs show- 
. . ' :  i n g  these d i f f e r e n t  r i n g  s i z e  d i s t r i b u t i o n s  a r e  presented i n  Table 
. 4. More d e t a i l e d  ana lys i s  o f  o t h e r  i n d i v i d u a l . s p e c i e s  i s  made 

very  d i f f i c u l  t by t h e  chromatographic peak over lapp ing  o f  mu1 ti- 
a l k y l a t e d  PAHs i n  t h e  l a t t e r  two samples, b u t  t h i s  problem can be 

- overcome by sub jec t i ng  t h e  polyaromat ic  i s o l a t e  t o  ge l  f i l t r a t i o n  
on Biobeads (Severson, Snook, Arrendale, and Chortyk, 1976) p r i o r  
t o  GC ana lys is ,  

IMPROVEMENTS 

App l i ca t i ons  thus f a r  have centered upon ana lys j s  o f  po l y -  
aromatics. Recoveries o f  diarornat ics have been low and d i f f i c u l t  
t o  reproduce. One method o f  a l l e v i a t i n g  the  d ia romat ic  recovery 

. problem i s  through t h e  use o f  m ic ro  d i s t i l l a t i o n  f o r  so l ven t  r e -  
moval. Th i s  method has been success fu l l y  employed i n  t h e  a n a l y s i s  
o f  d ia romat ics  i n  tobacco smoke condensate (Schmel t z ,  Tosk, and 
Hoffmann, 1976), bu t  does n o t  seem s u i t e d  f o r  t h e  r o u t i n e  a n a l y s i s  
o f  l a r g e  numbers o f  samples. An a1 te rna te  t o  such procedures i s  
a  dual t r a c e r  technique i n  which two t r a c e r s  (carbon-14 ana 
tri t ium- labe led)  b racket ing  the  v o l a t i  1  i t y  range o f  t h e  d ia romat i c  
f r a c t i o n  a r e  added t o  the  sediment and then a r e  s imul taneously 





2.5 2.0 1.5 
TIME I hr) 



Table 3 

Concentrat ions o f  PAHs i n  E f f l u e n t  Channel f rom a Coking P l a n t  

Concent ra t ion  

Sediment Water 

vg/g, 'dry  sediment vg/L 
. . 

1 -Methyl F l  uorene 
Phenanthrene 
An thracene 
2-Methyl Anthracene 
1 -Methyl Phdnar~ L t~rene 

.. ' F l  uoranthene 
Pyrene 

: ' Benzo(a) f l  uorene 
, Benzo(b) f l  uorene 

Benzo(c)phenanthrene 
~ e n z o ( g h i  ) f l  uoranth.e.ne 

. . Benz(a)anthracene 
Chrysene/Tri  phenyl ene 
Benzo(b, j , and/or b ) f l  uoranthene 

. Benzo(a + e)pyrene 
. . .-  -Pery l  ene 

o-Phenyl ene pyrene' + d i  benz- 
( a  ,c and/or a, h)anthracene 

Benzo(ghi )peryl .ene 
Anthranthrene 

TOTAL IDENTIFIED 175 vg/g 20 vg/L 

. a ~ n c o m p l e t e  r e s o l u t i o n .  BaP es t imated  a t  approx imate ly  10 v9lg.  

measured by dual channel l i q u i d  s c i n t i l l a t i o n  coun t i ng  a f t e r  i s o -  
l a t i o n  o f  t h e  f r a c t i o n .  The recovery  o f  each d ia romat ic  e l u t i n g  
between these two extreme t r a c e r s  presumably cou ld  be determined 
by i n t e r p o l a t i o n .  

S tud ies  examining t h e  v a l i d i t y  o f  t h e  d u a l - t r a c e r  approach 
employed 1 4 c - ~ a p  and t r i  t ium- labe led  BaP (3H-BaP) which a r e  read- 
i l y  a v a i l a b l e  commercial ly.  These t r a c e r s  d i f f e r  o n l y  i,n t h e  
r a d i o - l a b e l  , thus comparison o f  t h e  recovery  o f  3H-~aP  w i t h  t h a t  

, . o f  14C-Ba? would i n d i c a t e  t h e  u t i l i t y  o f  3H-labeled PAH t r a c e r s  



Table 4 

Comparison of Representative PAHs from Three S i t e s  

Sediment Concentration, vg/g. ( d r j  weight' bas i s )  

Col.1 e c t i  on S i t e  Anthracene Benz (a)anthracene . Benzo (a)pyrene 

Coking Plant 6.7 15. 10. 

Steel  Roll ing Mill 0.065 0.35 0.60 

Petroleum Tank Farm . . 3.4 0.13 < O .  049 



for  such work. Known a c t i v i t i e s  of 1 4 C - B ~ P  and 3 ~ - ~ a ~  were applied 
to  a sediment, After extraction and isolat ion,  the recoveries of 
the t racers  were measured, The resu l t s  expressed as the re la t ive  
recovery of 3H-Ba~ t o  14C-~ap are  shown in Table 5. Included a1 so 
are  the resu l t s  fo r  column chromatography and gel f i l t r a t i o n  on 
commonly available packings. The resu l t s  indicate tha t  considerable 
losses of 3 ~ - ~ a P  occur i n  the analytical procedure, par t icular ly i n  
alumina column chromatography, The data suggest losses of 3H-BaP 

.. . also during soxhlet extraction. Thus the dual-tracer approach i s  
n o t  compatible with existing purification methods. I t  i s  f e l t  that  

: 3 ~ - 1 H  exchange between the. H-BaP and act ive surfaces on the ad- ..-. 
: sorbent 6 r  sediment i s  responsible for  the loss of 3~ act ivi ty .  
- " .Th i s  hypothesis i s  supported by the observation tha t  themore ac-' 

1 t i ve  adsorb-ents (alumina ,and s i l i c a  ge l )  cause greater  losses of . .  . . 

. . 3~ ac t iv i ty  than less  active adsorbents ( F l o r i s i l )  or the "gentle" 
gels (Biobeads). Thus, a purification procedure featuring the 

' l a t t e r  two ma.te.r.ials would allow a dual-tracer method i f  a means 
of suppressing 3 ~ - 1 ~  exchange .during sediment extraction could be 

. devised. The Biobeads also o f fe r  the additional benefit of sepa- 
rat ing the coinplex mu1 t i a l  kylated PAHs from the .parent and simple 
a1 kylated PAHs, a1 1 owing i nterference-free analysis of the 1 a t t e r  
in complex PAH i so la tes  (Severson, Snook, Arrendale, and Chortyk, 
1976). 

Another improvement to  the method i s  the use of wall coated 
. . glass capi l lary columns. Figure 3 shows the superior resolution 

of a polyaromatlc fract ion by a glass capillary column than by a 
6.6 m packed column, with both columns operated under the same 

" column oven temperature program (1 10°C to 320°C a t  2"C/min). Nor- 
mally, the packed column oven i s  temperature programmed a t  one-half 
the r a t e ,  and the separation requires twice the time of the capil-  
lary column separation, Thus, the capi 1 lary column can generate 
more detailed data i n  less  time than the packed column. 

CONCLUSIONS 

The mtrl ticomponent PAH analytical methodology described in 
t h i s  paper ge.nerates a detailed characterization of the PAHs in 
sediment and water samples. Applications suggest t ha t  each so,urce 
of PAH discharge into the aqueous environment,is characterized by 
i t s  own "PAH fingerprint"  which can be different iated from those 
of other sources, 
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Table 5 

Re1 a t i ve  Recovery o f  3~-BaP t o  14c-BaP 

Experiment Re1 a t i  ve ~ e c o v e r ~ ~  

Sediment Extraction,  F lo r i s i l  Alumina 
Column Chromatography 0.71 . . 

. Fl or i  s i  1 Co! ~ m n .  Chrornatogra'phy - .  'L 1.0 
. A1 umi na Column 'Chromatography 0.88 . . 

. Si 1 i c a  Gel Column Chromatography 0.85 .. . . . 
. Biobeads SX-12 Gel F i l t r a t i o n  0.97 . 
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