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S t u d i e s  about  the  env i r onmen ta l  p e r s i s t e n c e  o f  
dangerous chemica ls  a re  o f t e n  ve ry  impo r tan t  to  
e v a l u a t e  both  t h e i r  t o x i c  a c t i o n s  and b i o a c c u m u l a t i o n .  
Severa l  works have been c a r r i e d  ou t  on the  occurence i n  
s u r f a c e  waters  o f  widespread p o l l u t a n t s  such as PCBs, 
PAHs, some h e r b i c i d e s  and i n s e c t i c i d e s .  On the o t h e r  
hand, not  much  a t t e n t i o n  has been g i v e n  to  many 
i n d u s t r i a l  con taminants  r e l e a s e d  i n t o  the env i ronment  
from s p e c i f i c a l  i n d u s t r i a l  processes ( p r o d u c t i o n  of 
po lymers ,  p h a r m a c e u t i c a l ,  e t c . ) :  because o f  t h e i r  
punc tua l  source ,  these compounds, such as 
c h l o r o n i t r o d e r i v a t i v e s  (S te inwand te r  1987; R i ve ra  e t  
a l .  198b), a re  u s u a l l y  p resen t  o n l y  i n  r e s t r i c t e d  
a reas .  The purpose o f  t h i s  s tudy was to  de te rm ine  
c o n c e n t r a t i o n s  and e v o l u t i o n  of c h l o r o n i t r o b e n z e n e s  
( s t a r t i n g  m a t e r i a l s  f o r  the p r o d u c t i o n  o f  
c h l o r o a n i l i n e s ,  n i t r o a n i l i n e s  and n i t r o p h e n o l s ,  
i n t e r m e d i a t e s  used to  manufacture dyes, 
p h a r m a c e u t i c a l s ,  rubber  chemicals~ corrosion 
i n h i b i t o r  s) i n  a f l u v i a l  env i ronment ;  the work was 
c a r r i e d  ou t  on the  Bormida R ive r  (Piedmont,  
Nor th-Western I t a l y ) .  

MATERIALS AND METHODS 

The c l l l o r o n i t r o b e n z e n e s  (o,m and p) d e t e r m i n a t i o n  was 
per formed by a l i q u i d - l i q u i d  e x t r a c t i o n  f o l l o w e d  by a 
gas chromatograph ic  a n a l y s i s .  
E x t r a c t i o n  - 1 l i t e r  samples were e x t r a c t e d  us ing  I0  ml 
o f  cyc lohexane c o n t a i n i n g  40 ~ g / L  o f  1 , 2 , 3 , 5  
- t e t r a c h l o r o b e n z e n e  as i n t e r n a l  s t anda rd ;  the e x t r a c t s  
were d r i e d  w i t h  anhydrous Sodium Su lpha te  and then 
ana lyzed  by gas chromatography us ing  an e l e c t r o n  
c a p t u r e  d e t e c t o r .  Recove r ies ,  measured by adding known 
amounts o f  the t h r e e  isomers to  no t  con tamina ted  
f l u v i a l  wa te r ,  v a r i e d  between 85 and 90~. 

Send r e p r i n t  r eques ts  to C.Trova,  L a b o r a t o r i o  d i  S a n i t ~  
P u b b l i c a , V i a  Don Gasparo lo 1-15100 A l e s s a n d r i a ,  I t a l y .  
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F igu re  1 .  Chromatogram o f  an e x t r a c t  o f  contaminated 
r i v e r  wate r :  (1) m-ch lo ron i t robenzene ,  (2) p-  
c h l o r o n i t r o b e n z e n e ,  ( 3 )  o - c h l o r o n i t r o b e n z e n e  
and (4) 1 , 2 , 3 , 5 - t e t r a c h l o r o b e n z e n e  ( i n t e r n a l  
s tandard)  

Gas chromatographic a n a l y s i s  - The gas chromatographic 
d e t e r m i n a t i o n  was developed us ing the f o l l o w i n g  
c o n d i t i o n s :  Hewle t t  Packard Gas chromatograph Mod.5880 
equipped w i t h  a &3Ni e l e c t r o n  cap ture  d e t e c t o r ;  Column 
3&W DB 5, 1=30 m, i . d . = 0 . 2 5  mm, f . t . = 0 . 2 5  micron,  P=IO 
p s i ;  Oven Temperature: leO~C for- 18 min + post run to  
200^C f o r  5 minutes.  I n j e c t o r  Temperature: 250~C~ ECD 
Temperature: 300^C; s p l i t = l O  ml; i n j e c t e d  volume: 5~L. 
The system c a l i b r a t i o n  was ob ta ined by i n j e c t i n g  a 
s o l u t i o n  c o n t a i n i n g  the f o l l o w i n g  compounds: 
2 - c h l o r o n i t r o b e n z e n e  6 . 4  ~ g l L ,  3 - c h l o r o n i t r o b e n z e n e  9 . 7  
~g/L, 4 - c h l o r o n i t r o b e n z e n e  6.4 ~g/L, 1 , 2 , 3 , 5 -  
- t e t r a c h l o r o b e n z e n e  10.2 ~g /L  i n  hexane. 

A gas chromatogram y i e l d e d  by a r e a l  sample i s  
represented i n  F i g . l :  f o l l o w i n g  the descr ibed method, 
a l l  the considered p o l l u t a n t s  were e a s i l y  d e t e c t a b l e  
u n t i l  2 ng/L l e v e l .  

RESULTS AND DISCUSSION 

The map i n  F i g . 2  shows the f i v e  sampl ing s t a t i o n s  on 
the Bormida R i v e r ;  samples were c o l l e c t e d  12 t imes 
between September 1989 and February 1990 a t  each s i t e .  

The average c o n c e n t r a t i o n s  o f  o- ,m-  and p- isomer i n  
water are shown i n  Table 1 as w e l l  as the maximum and 
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F i g u r e  2 .  S tudy  a r e a  and s a m p l i g  s i t e s  ( A l e s s a n d r i a  
D i s t r i c t ,  P i e d m o n t ,  N o r t h  - Western  I t a l y )  

T a b l e  1 - C h l o r o n i t r o b e n z e n e s  l e v e l s  i n  t h e  Bo rm ida  
R i v e r  ( ~ g / L ) ,  Sep tember  1989 - F e b r u a r y  1990 

S a m p l i g  S i t e  N o -  m- p -  

B i s t a g n o  I min  0 . 1 0  0 . 0 5  0 . 0 2  
max 0 . 8 4  0 . 1 9  0 . 3 7  
ave 0 . 4 8  0 . 1 2  0 . 1 9  

Te rzo  2 min  0 . 0 6  0 . 0 0 8  0 . 0 2  
max 0 . 2 7  0 . 0 5 4  0 . 1 7  
ave 0 . 2 5  0 . 0 3 0  0 . 0 7  

S t r e v i  3 min  0 . 0 8  0 . 0 2  0 . 0 2  
max 0 . 1 9  0 . 0 4  0 . 0 9  
ave 0 . 1 4  0 . 0 3  0 . 0 6  

C a s s i n e  4 m in  0 . 0 9  0 . 0 2  0 . 0 4  
max 0 . 3 5  0 . 0 6  0 . 1 0  
ave 0 . 1 7  0 . 0 4  0 . 0 7  

A l e s s a n d r i a  5 min  0 . 0 2  0 . 0 0 2  0 . 0 0 2  
max 0 . 1 7  0 . 0 2  0 . 0 5  
ave 0 . 0 3  0 .01  0 .01 
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F i g u r e  3. H o r i z o n t a l  p r o f i l e s  o f  the c o n c e n t r a t i o n s  o f  
c h l o r o n i t r o b e n z e n e s  i n  the  Bormida R i v e r .  
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F i g u r e  4.  A b s o l u t e  amounts o f  c h l o r o n i t r o b e n z e n e s  
c a r r i e d  by the  Bormida R i ve r  a t  each 
sampl ing s i t e .  

t he  minimun l e v e l  d e t e c t e d  i n  the  r i v e r .  
The same average c o n c e n t r a t i o n s  o f  c h l o r o n i t r o b e n z e n e s  
a re  rep resen ted  i n  F i g . 3  versus the  k i l o m e t r i c  d i s t a n c e  
f rom the  f i r s t  sampl ing  s i t e ,  l o c a l i z e d  j u s t  above the  
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F i g u r e  5. V a r i a t i o n s  o f  d i s s o l v e d  oxygen and 
c h l o r o n i t r o b e n z e n e s  c o n c e n t r a t i o n s  versus 
i n c u b a t i o n  t ime  ( s t o r a g e  a t  20^C i n  the  
d a r k ) .  

c o n f l u e n c e  w i t h  the  Spigno River~ near the  sou the rn  
A l e s s a n d r i a  D i s t r i c t  b o r d e r .  
The c o n c e n t r a t i o n s  c l e a r l y  f a l l  as the r i v e r  f l o w s  
toward i t s  e s t u a r y :  however the knowledge o f  the  
b i o d e g r a d a t i o n  o f  the  cons ide red  p o l l u t a n t s  l i m i t e d  to  
these da ta  i s  not  s a t i s f y i n g  by the  f a c t  t h a t  t h r e e  
impo r tan t  r i v e r s  (Spigno,  Er ro  and Orba) add the i r "  
waters  to  Bormida~ making an impo r tan t  d i l u t i o n  o f  the 
con taminan ts  ( c h l o r o n i t r o b e n z e n e s  were never  de tec ted  
i n  the  t r i b u t a r i e s  o f  the main r i v e r ) .  
T h e r e f o r e  a comple te  s tudy o f  the  system can o n l y  be 
o b t a i n e d  t a k i n g  i n t o  c o n s i d e r a t i o n  the  f l o w s  o f  the  
8ormida R i ve r  observed a t  each sampl ing s i t e  d u r i n g  the  
autumn 1989 and the  w i n t e r  1990; the average da ta  were 
e a s i l y  a v a i l a b l e  s i nce  measurements were taken month ly  
by the  Reg iona l  Env i ronmenta l  Department (Assessorato 
Reg iona le  a l l ' A m b i e n t e )  and by the  Hydrodata S o c i e t y  
( T o r i n o ,  I t a l y ) .  

In  F i g . 4  the  a b s o l u t e  amounts o f  c h l o r o n i t r o b e n z e n e s  
c a r r i e d  by the  r i v e r  (as ~ g l s ) ,  c a l c u l a t e d  f rom 
average f l o w s  and c o n c e n t r a t i o n s ~  a re  r e p o r t e d  versus 
the  k i l o m e t r i c  d i s t a n c e  f rom the  f i r s t  sampl ing s i t e :  
t he  t o t a l  q u a n t i t y  o f  m- and p - i somers  appears about  
cons tan t  w h i l e  the  o - i somer  p resen t s  a s low 
d i sappearance :  o n l y  a t  the  l a s t  s t a t i o n ,  a f t e r  50 km 
f l o w i n g ~  i t s  a b s o l u t e  amount i s  reduced to  about  50% o f  
the  i n i t i a l  average v a l u e .  
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The r e s i s t a n c e  o f  these compounds to  b i o d e g r a d a t i o n  was 
p o i n t e d  ou t  measuring v a r i a t i o n s  o f  d i s s o l v e d  oxygen 
and c h l o r o n i t r o b e n z e n e s  c o n c e n t r a t i o n s  i n  5 r e a l  
samples, s i m u l t a n e o u s l y  c o l l e c t e d  a t  the  s i t e  N.1 and 
s t o r e d  a t  20~C in  the  dark ( t o  a v o i d  p h o t o s y n t e s i s  
i n t e r f e r e n c e ) :  w h i l e  the  mean v a l u e s  f o r  02 c l e a r l y  
f a i l e d  d u r i n g  the i n c u b a t i o n  because o f  microorganisms 
a c t i v i t y ,  the  presence o f  the t h r e e  a roma t i c  
d e r i v a t i v e s  d i d  no t  show any a p p r e c i a b l e  v a r i a t i o n  (see 
F i g .  5 ) .  
F i n a l l y ,  the  p resen t  r e s u l t s  i n d i c a t e  t h a t  
c h l o r o n i t r o b e n z e n e s  a re  q u i t e  e n v i r o n m e n t a l  r e s i s t a n t  
compounds: however f u r t h e r  s t u d i e s  a re  necessary to  
e l u c i d a t e  s low d isappearance  o f  o--isomer f rom the 
Bormida R ive r  water  s i n c e  i t s  behav iou r  may be due to  
a d s o r p t i o n  on p a r t i c u l a t e  mat te r  and sediments r a t h e r  
than b i o d e g r a d a t i o n  t h a t  was no t  observed i n  the  
desc r i bed  l a b o r a t o r y  t e s t .  
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