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Polynuclear  aromatic hydrocarbons (PAHs) are ub iqu i tous  
environmental  p o l l u t a n t s .  Because o f  the high 
t o x i c i t y  o f  s o m e  p o l y c y c l i c  compounds, such as 
benzopyrenes, the de te rm ina t ion  o f  t h e i r  l e v e l s  in  a i r ,  
water ,  s o i l  and aquat ic  organisms was the ob ject  o f  
severa l  papers. 

Anthropogenic p y r o l i t i c  and combustion processes, 
r e l a t e d  to i n d u s t r i a l  p l a n t s ,  domestic hea t ing ,  automo- 
b i l e  t r a f f i c ,  are the major sources o f  these compounds; 
from these sources they enter  atmospheric environment 
where t h e i r  concen t ra t ion  i s  reduced by scavenging 
dur ing p r e c i p i t a t i o n  events:  r a i n ,  snow and fog in  
urban areas u s u a l l y  s h o w  high contents o f  PAHs 
(Leuenberger e t  a l . ,  1988; Broman e t  a l . ,  1987). 
Dry and wet atmospheric p o l l u t e d  depos i t i ons ,  d i r e c t  
o i l  s p i l l s ,  munic ipal  and i n d u s t r i a l  e f f l u e n t s  
t r anspo r t  apprec iab le  amounts o f  PAHs to aquat ic  
environment,  where they are r a p i d l y  taken up and 
accumulate by both f i s h  and s h e l l f i s h  (DoubAbdul e t  
a l . ,  1987; Rain io e t  a l . ,  1786). 
A lessandr ia  D i s t r i c t ,  in  South-Eastern Piedmont 
( I t a l y ) ,  l i e s  in  the middle o f  Torino-Milano-Genova 
i n d u s t r i a l  area: i n  a d d i t i o n  to l oca l  sources, a 
r e l a t i v e l y  long range t r anspo r t  o f  p o l l u t e d  a i r  masses 
may conduct to t h i s  reg ion  atmospheric contaminants, 
such as po lynuc lear  compounds, tha t  can enter  f l u v i a l  
environments through meteor ic p r e c i p i t a t i o n .  
The ob jec t  o f  t h i s  Nork was to eva lua te  PAH content in  
sur face waters f l ow ing  across the descr ibed t e r r i t o r y .  
Samplings were c a r r i e d  on dur ing w in te r  season, when 
the concen t ra t ion  o f  these p o l l u t a n t s  u s u a l l y  reaches 
the h ighest  l e v e l s  (Leuenberger e t  a l . ,  1988). 

MATERIALS AND METHODS 

The de te rm ina t ion  o f  PAHs was performed using a rap id  
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F igure  1. Chromatogram o f  an e x t r a c t  o f  spiked r i v e r  
Nater :  (A} f l u o r a n t h e n e  (0.0~ u g / L ) ,  CB) benzo tb ) -  
f l u o r a n t h e n e  ( 0 . 0 2 } ,  (C} b e n z o ( k } f l u o r a n t h e n e ( O . 0 2 ) ,  
(D) benzota)pyrene (0 .04 } ,  (E) i ndeno ( l~3 -cd }py rene  
( 0 . 0 2 ) ,  (F} b e n z o ( g h i ) p e r y l e n e  ( 0 . 0 8 } .  
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F igu re  2. Chromatogram o f  a r e a l  sample ( r i v e r  Nater)  : 
(A~ f l uQran thene ,  ~B) b e n z o ( b ) f l u o r a n t h e n e ,  (C} 
b e n z o t k ) f l u o r a n t h e n e .  

method de r i ved  from the one descr ibed i n  a p rev ious  
work (Cossa et  a l . ,  1988}. PAHs Nere e x t r a c t e d  from the 
sample (2 L} i n  a separa to ry  f u n n e l ,  us ing  70 ml o f  
d i s t i l l e d  c i c l o h e x a n e ;  a f t e r  e l i m i n a t i o n  o f  wate r ,  the 
f unne l  was washed w i t h  30 ml o f  f r e s h  e x t r a c t i o n  
s o l v e n t ;  then ,  the o rgan ic  phase (70+30 ml) was d r i e d  
by means o f  anhydrous sodium s u l f a t e  and evaporated to 
dryness by a r o t a r y  evaporator  a t  &O~C under vacuum 
c o n d i t i o n s .  The res idue  Nas d i s s o l v e d  i n  0 .5  ml o f  
t e t r a h y d r o f u r a n  and analyzed by HPLC us ing  the e x t e r n a l  
s tandard method; chromatographic c o n d i t i o n s  are l i s t e d  
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F i g u r e  3 .  Chromatogram o f  a s tanda rd  s o l u t i o n  o b t a i n e d  
u s i n g  a MeOH / THF / water  e l u e n t  (see t e x t ) .  
(A) f l u o r a n t h e n e ,  (G) p e r y l e n e ,  (B) b e n z o ( b ) -  
f l u o r a n t h e n e ,  (C) b e n z o ( k ) f l u o r a n t h e n e ,  (D) benzo-  
( a ) p y r e n e ,  (E) i n d e n o ( 1 2 3 - c d ) p y r e n e ,  (F) b e n z o ( g h i ) -  
p e r y l e n e .  

be low:  
L i q u i d  Chromatography V a r i a n  Mod. 5000 equipped w i t h  
F l u o r i m e t r i c  D e t e c t o r  V a r i a n  Mod. F l u o r i c h r o m  TM 
(wave lengh t  f i l t e r  - e x c i t a t i o n :  7 - 5 4 / 7 - & 0 ;  e m i s s i o n :  
4 - 7 6 / 3 - 7 1 ) .  Column: Merck 100CH-18/2, p a r t i c l e  s i z e  5 
m i c rons ,  I=250 mmj i . d . = 4  mm; Guard Column Merck C18; 
E l u e n t :  a c e t o n i t r i l e  ?OX - water  10~, f l u w = l  m l / m i n .  
I n j e c t i o n :  10 m i c r o l i t e r s .  The d e s c r i b e d  method reached 
t he  s e n s i t i v i t i e s  r e p o r t e d  i n  Tab le  1, w h i l e  r e c o v e r i e s  
v a r y  w i t h i n  95-100X. 

Tab le  1. Minimum d e t e c t a b l e  c o n c e n t r a t i o n  (MDC) ( u g / L )  
and mean X r e c o v e r y  ( MR~ ) + SD. 

PAH MDC MRX + SD 

FLUORANTHENE 
BENZD(b)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(a)PYRENE 
INDENO(1,E,3-cd)PIRENE 
BENZO(ghi)PERYLENE 

0.002 94 .8  + 5 .2  
O.OOR 98.7  + 3 .9  
0.002 94 .7  + 6 .2  
0 .004 98 .0  + &.~ 
0 .002 99 .9  + 8 .5  
0 .008 100.5 + 9.1 

I n  F i g u r e  1 a chromatogram o f  an e x t r a c t  o b t a i n e d  f rom 
r i v e r  w a t e r ,  p r e v i o u s l y  p u r i f i e d  by e x t r a c t i o n  and t hen  
sp iked  N i t h  s i x  PAHs, i s  shoNn. Tak ing  i n t o  
c o n s i d e r a t i o n  t h a t  WHO (World H e a l t h  O r g a n i z a t i o n )  
reccomends a maximum l e v e l  o f  0 .2  ug /L  f o r  t o t a l  PAHs 
(where the  sum r e f e r s  to  the  s i x  searched p o l l u t a n t s )  
f o r  d r i n k i n g  w a t e r ,  t he  o b t a i n e d  s e n s i t i v i t i e s ,  
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F i g u r e  4.  L o c a l i z a t i o n  o f  A l e s s a n d r i a  
(South - Eas te rn  Piedmont,  I t a l y )  and 
i m p o r t a n t  i n v e s t i g a t e d  r i v e r s .  

D i s t r i c t  
o f  the  most 

improvab le  u s i n g  more complex methods, as desc r i bed  
by C a r t o n i  e t  a l .  (1986) ,  were cons ide red  s a t i s f a c t o r y  
to  e v a l u a t e  s u r f a c e  water  p o l l u t i o n .  

The d e t e r m i n a t i o n  o f  p o l y n u c l e a r  compounds was 
performed on 38 samples: i n  F i g u r e  2 a chromatogram o f  
a r e a l  sample ( r i v e r  water  c o n t a i n i n g  an a p p r e c i a b l e  
amount o f  some PAHs) i s  r e p o r t e d .  A more complex e l u e n t  
(methanol  60X, t e t r a h y d r o f u r a n  15X, water  25X; f l o w :  
0 . 7  m l /m in )  can be used to  improve ch romatog raph ic  
a n a l y s i s .  By t h i s  way some c r i t i c a l  s e p a r a t i o n s ,  such 
as the  one between b e n z o f l u o r a n t h e n e s  and p e r y l e n e  (a 
n a t u r a l  o c c u r r i n g  PAH), can be o b t a i n e d  (see F i g u r e  3 ) .  
However, because o f  the  long r e t e n t i o n  t imes ,  t he  
t e r n a r y  e l u e n t  was o n l y  a p p l i e d  to  c o n f i r m  the  
occurence o f  b e n z o f l u o r a n t h e n e s .  B lanks  were ana lyzed  
i n  p a r a l l e l  w i t h  t he  samples to  e l u c i d a t e  
i n t e r f e r e n c e s .  
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RESULTS AND D I S C U S S I O N  

A map o f  t he  D i s t r i c t  i s  i n  F i g u r e  4:  t he  sampl ing  
s i t e s  (38) a re  l o c a l i z e d  on 16 d i f f e r e n t  water  s t reams.  
The most i m p o r t a n t  ones a re  the  Po, Tanaro and Bormida 
r i v e r s :  i n  p a r t i c u l a r  t he  v a l l e y  where the  l a s t  one 
f l o w s  was p roc la imed  "H igh  Env i r onmen ta l  R isk  Area"  by 
t he  I t a l i a n  Government because o f  s e v e r a l  dangerous 
i n d u s t r i a l  p l a n t s  l o c a t e d  i n  t h i s  r e g i o n .  

Tab le  e.  PAH l e v e l s  i n  s u r f a c e  wa te rs  o f  
A l e s s a n d r i a  D i s t r i c t  ( S o u t h - E a s t e r n  Piedmont ,  
I t a l y ,  Win te r  1989-1990} ar ranged i n  a r b i t r a r y  

c l a s s e s  w i t h  t he  pe rcen tage  (X} o f  i n c i d e n c e .  

PAH RANGE ( u g / L )  N 

FLUORANTHENE 

(max .va lue  0 .063}  

<0.002 0 0 
0 . 0 0 2 - 0 . 0 0 5  I0  26 .3  
0 .005 -0 .0075  l e  31 .6  
0 .0075 -0 .010  B 21 .0  
0 .010 -0 .0125  1 2 .6  
0 .0125 -0 .015  1 2 .6  
0 .015 -0 .0175  2 5 .3  
0 .0175 -0 .020  0 0 
0 .020 -0 .0225  1 2 .b  
>0.0225 3 7 .9  

BENZO(b)FLUORANTHENE 

(max .va lue  0 .018)  

<0.002 eo 52 .6  
0 . 0 0 2 - 0 . 0 0 5  B 21 .0  
0 .005 -0 .0075  5 13.2 
0 .0075 -0 .010  2 5 .3  
0 .010 -0 .0125  2 5 .3  
>0.0125 1 2 .6  

BENZO(k)FLUORANTHENE <0.002 36 94.7  
0 . 0 0 2 - 0 . 0 0 5  2 5 .3  

(max .va lue  0.0035)  

BENZO(a)PYRENE <0.004 38 100.0 

INDENO(I~e,3-cd)PYRENE <0.002 36 94.7  
0 . 0 0 2 - 0 . 0 0 5  2 5 . 3  

(max .va lue  0 .0023)  

BENZO(ghi)PERYLENE <0.008 38 100.0 

Tab le  2 r e p o r t s  the  occu r red  P A H s  c o n c e n t r a t i o n s  
ar ranged i n  a r b i t r a r y  c l a s s e s  w i t h  t he  percen tage  o f  
i n c i d e n c e .  Look ing  a t  the  da ta ,  t he  f o l l o w i n g  
s ta temen ts  a re  p o s s i b l e :  
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1) f l u o r a n t h e n e  was p resen t  i n  each ana lyzed  sample; i t  
was the  most abundant p o l y c y c l i c  hyd roca rbon ,  perhaps 
because o f  i t s  h i g h e r  s t a b i l i t y  
2) b e n z o ( b ) f l u o r a n t h e n e  occu r red  i n  s e v e r a l  cases 
(47 ,4~)  bu t  the  measured v a l u e s  were lower  than  the  
ones found f o r  f l u o r a n t h e n e  
3) b e n z o ( k ) f l u o r a n t h e n e  and i n d e n o ( 1 , 2 , 3 - c d ) p y r e n e  were 
d e t e c t a b l e  i n  o n l y  two samples and a t  ve r y  low l e v e l  
( t h e  maximum found c o n c e n t r a t i o n s  were r e s p e c t i v e l y  

0.0035 and 0.0023 ug /L )  
4) benzo (a )py rene  and b e n z o ( g h i ) p e r y l e n e  were never  
de tec ted  a t  r e p o r t e d  s e n s i t i v i t i e s  i n  the  cons ide red  
sampl ing  s i t e s .  

F i n a l l y ,  t he  r e s u l t s  o f  t h i s  paper i n d i c a t e  t h a t  a 
d i f f u s e  p o l l u t i o n  due to  PAHs occu r red  i n  eve ry  water  
stream c o n s i d e r e d ;  t he  c o n c e n t r a t i o n s  are  comparable 
w i t h  da ta  r e p o r t e d  by C a r t o n i  e t  a l . ( 1 9 8 & ) ,  Xu e t  
a l . ( 1 9 8 4 )  and Crane e t  a l .  (1981) f o r  s u r f a c e  w a t e r s .  
The c o n t a m i n a t i o n  i s  v e r y  f a r  f rom the  danger l e v e l  
e s t a b l i s h e d  by WHO. The l i m i t  o f  0 .2  ug /L  f o r  t o t a l  
PAHs c o n t e n t  was never  reached and the  most dangerous 
compounds, such as benzo (a )py rene ,  were never  found i n  
the  ana lyzed  samples w h i l e  o t h e r s  
( b e n z o ( k ) f l u o r a n t h e n e )  were o n l y  o c c a s i o n a l l y  d e t e c t e d .  
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