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Polychlorinated biphenyls (PCB's) are largely used (in elec- 
tric capacitors and transformers, heat transfer systems, plas- 
ticizers, industrial fluids) because of their stability~ inertness~ 
and very good dielectric properties (Hutzinger et al. 1974 ). 
These chemicals are considered as xenobiotics, having been in- 
troduced into the biosphere after 1929, when their industrial 
production begun. More than 20 years ago, they were found in 
environmental samples collected for pesticide residue analysis 
(Jensen 1966). As a consequence of their persistence and high 
bioaccumulation potential, particularly in the case of the more 
chlorinated congeners, PCB's have been found in water, air, 
surficial soils, recent sediments, and biota (man included) in 
anthropized (]ensen 1983; Geyer 198/+) as well as in remote 
areas (Atlas and Giam 1981; Subramanian et al. 1983). Be - 
cause of this, and due to the toxicity of both commercial mix- 
tures (WHO 1976; Suzuki 1978) and pure congeners (Goldstein 
1980; Safe et al. 1982), in the seventies some governments of 
technically advanced countries regulated or banned the produc- 
tion and use of PCB's. However it was estimated that the 
world-wide production up to 1971 was about i million metric 
tons (WHO 1976; Jensen 1983). Moreover the production of 
PCB's is still going on in many countries. 

P h y s i c a l  p r o p e r t i e s  such  as  w a t e r  s o l u b i l i t y ,  v a p o u r  p r e s s u r e ,  
and H e n r y ' s - l a w  cons t an t  ( M a c k a y  and L e i n o n e n  1975)suggest 
t ha t  t h e s e  compounds can  e a s i l y  r e a c h  the  t r o p o s p h e r e  as  v a -  
pour .  Vo la t i l i z ed  P C B ' s  a r e  l i t t l e  a d s o r b e d  by  a i r b o r n e  p a r t i c u -  
l a t e  m a t t e r  ( l u n g e  1977; E i s e n r e i c h  et a l .  1981) .  

The  po t en t i a l  of p lan t  f o l i a r  t i s s u e s  to t ake  up P C B ' s  as  v a p o u r  
has  p r o b a b l y  been  u n d e r r a t e d  in  some of the  p rev ious  ~vorks 
( l w a t a  and Gun the r  1976; Suzuk i  et a l .  1977; Vi l l eneuve  and  
Holm 1984) .  N e v e r t h e l e s s  r e c e n t l y  B u c k l e y  (1982 )  r e p o r t e d  
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tha t  the  l e v e l  of P C B ' s  found in the  fo l i age  i s  main ly  due to 
v a p o u r  t r a n s p o r t  f r o m  the  s o i l ,  r a t h e r  than  to t r a n s l o c a t i o n  
t h r o u g h  the  p l an t .  

Th i s  r e s e a r c h  ha s  b e e n  p l anned  to  a s s e s s  the  i n f l u e n c e  of  
translocation on the concentration of PCB's in the foliage of 
different plant species. 

M A T E R I A L S  AND M E T H O D S  

Two 60-cm-wide cubic glass boxes, mantained at  a c o n s t a n t  
t e m p e r a t u r e  b y  means  of a w a r m  w a t e r  s y s t e m  in  the  bo t tom 
and c o n t i n u o u s l y  i l l umina ted  b y  3 x 2 0  W T r u e - L i t e  f l u o r e s c e n t  
t ubes  w e r e  u s e d  ( F i g u r e  1). T h e  t e m p e r a t u r e  was  24 *C at  the  
bo t tom and 27 ~ at  the  t op ,  due to the  l amps .  The  c u l t u r e  
a r e a  was  l o c a t e d  in  a g l a s s  t r a y  to r e d u c e  the  impac t  of  a i r  
f lowing in  t h r o u g h  a 3 -  c m - d i a m e t e r  ho le  p l a c e d  n e a r  the  bo t -  
tom. Two o t h e r  s i m i l a r  h o l e s  ( F i g u r e  1 )  and s l ight  gaps  b e -  
twe e n  the  box  and i t s  c o v e r  ( w h i c h  s imply  r e s t e d  on the  wal I s )  
g u a r a n t e e d  a s u f f i c i e n t  a i r  t u r n o v e r .  T h e  a i r  t u r n o v e r  t ime of 
e ac h  box ,  c a l c u l a t e d  f r om the  d e c a y  of  a t r a c e r  ( o ~ - h e x a c h l o -  
r o c y c l o h e x a n e )  was  about  80 min. S i n c e  the  a i r  vo lume was 
200 I ,  th i s  means  tha t  the a i r  i n p u t ( a n d  o u t p u t )  was 2 . 5  l min "1. 

A Pliocene sand, containing very low organic carbon (0.15 %, 
dry) was used as culture soil. It is classifiable as a ' fine 
sandy medium sand', according to Doeglas (1968). The sand 
was oven-dried (24h at 80 =C) and, after cooling, equilibrated 
with benzene (I I kg -I, 3 d). Fortification was done with Fen- 
clor 64 from Cafaro (Milan, Italy), very similar to the com- 
moner Aroclor 1260 by Monsanto (USA), as shown in Figure 2. 
The nominal concentration of PCB in the sand was 500 mg kg "I, 
dry basis. After the evaporation of the solvent, by a vacuum 
rotary evaporator, the average PCB concentration was /+60 
mgkg "I, dry (n=5; SD = 35). 

Beans, broad beans, t o m a t o e s  and cucumbers were selected, 
the second two ( 2-3 weeks old, 5-10 cm high) from the mar- 
ket. The first two were seeded in our laboratory, after ac- 
tivation in water(lh at 40 =C). Beans and broad beans were 
kept for 2 weeks at 24-25 ~ (preliminary culture). 

In a 'clean' area, away from the laboratory, five specimens of 
each of the species in question were grown in the same sand, 
pretreated with benzene, at room temperature. They were used 
as controls. The benzene was for pesticide residue analysis, 
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Figure i. Schematic representation of the glass boxes (a) and 
of the alternation of vessels containing PCB-fortified sand (black 
circles) and 'clean' sand (white circles). 

and the concentration of PCB's in the sand used was lower 
than 50 ng g-i dry basis. 

Box i: broad beans and beans. Each plant was put into a sep- 
arate cylindrical glass vessel, 4 cm high, 5 cm i.d. ,containing 
40 g of either 'clean' sand or PCB-fortified sand. Vessels with 
'clean' sand were alternated with those with fortified sand in a 
glass container inside the box, as indicated in Figure 1. The 
total fortified sand employed weighed 600 g. Water was supplied 
once a day to keep the sand moist. 

B o x  2 :  t o m a t o e s  a n d  c u c u m b e r s  w e r e  c u l t u r e d  a s  d e s c r i b e d  
a b o v e ,  u s i n g  in  t h e  v e s s e l s  e i t h e r  50  g of  ' c l e a n '  s a n d  o r  20  
g fortified sand (on the top) and 30 g 'clean' sand. A total of 
300 g PCB contaminated sand was used. 

The sampling time was 28 d after the beginning of the treatment. 

Analyses were carried out on air, sand, and plant-tissue 
samples. Air samples were collected using disposable Pasteur 
pipets packed with 0.3 g of Florisil, according to Giam et al. 
(1975), with slight modifications. PCB's were then eluted with 
45 ml of n-hexane in a glass chromatographic column containing 
0.3 g anhydrous Na2SO ~. After concentration, the sample was 
injected into a Perkin-Elmer F 22 gas chromatograph equipped 
with on-column injector, Nickel-6$ electron capture detector, 
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and a da ta  s t a t i on .  B o r o s i l i c a t e  g l a s s - c o h n m s  2 m x 2 nun i . d .  , 
s i l ane  t r e a t e d ,  p a c k e d  b y  GP 4% S E - 3 0  6% S P - 2 4 0 1  on 100 /  
120 mesh  S u p e l c o p o r t  w e r e  u s e d .  The  c a r r i e r  gas  was  a rgon  
with 5% methane;  gas  f l o w s :  6 0 + 4 0  ( a s  s c a v e n g e r )  ml rain-1.  
I n j e c t o r ,  oven  and d e t e c t o r  t e m p e r a t u r e s  w e r e  210,  200 and 
280 *C. 

P l a n t  t i s s u e  and sand  s amp le s  w e r e  d r i e d  o v e r n i g h t  ( 5 - 1 5  % 
m o i s t u r e  c o n t e n t )  in an oven  at 60 =C ( p l a n t  t i s s u e s )  o r  at  
r oom t m p e r a t u r e  ( s a n d ) .  R e s i d u a l  w a t e r  was  m e a s u r e d  on 
s u b s a m p l e s  (2Z~h at 105 =C).  P r e v i o u s  t e s t s  h a v e  shown that  
in  p lant  l e a v e s ,  kep t  at  70 ~ f o r  7 d ,  no s ign i f i can t  P C B  l o s s  
o c c u r s .  E x t r a c t i o n s  w e r e  c a r r i e d  out  o v e r n i g h t  in Soxh l e t  ap-  
p a r a t u s ,  u s ing  n - h e x a n e .  The  c l e a n - u p  p r o c e d u r e  was  the  fo l -  
lowing :  s u l f u r i c  ac id  t r e a t m e n t  ( M u r p h y  1 9 7 2 )  and F l o r i s i l  
c h r o m a t o g r a p h y ,  a s  f o r  a i r  s a m p l e s .  G a s - c h r o m a t o g r a p h i c  con -  
d i t i o n s :  as  b e f o r e .  

P C B  quan t i f i ca t ion :  sand  and r o o t  s a mp l e s  w e r e  c o m p a r e d  to 
the  F e n c l o r  64 r e f e r e n c e  s o l u t i o n s ,  s i n c e  the  peak  p a t t e r n  of 
a l l  t h r e e  a r e  v e r y  s i m i l a r  ( F i g u r e  2 ) .  It was  a s s u m e d  that  no 
c h e m i c a l  t r a n s f o r m a t i o n  o c c u r r e d  du r ing  the  e x p e r i m e n t .  To  
c a l c u l a t e  the  P C B  c o n c e n t r a t i o n  in a i r  and fo l i age  s amp l e s  the  
p e r c h l o r i n a t i o n  method s u g g e s t e d  b y  S t r a t t o n  et  al .  (1979) was  
t r i e d .  R e s u l t s  w e r e  u n s a t i s f a c t o r y ,  e x c e p t  f o r  p u r e  s t a n d a r d  
P C B  m i x t u r e s .  T h e r e f o r e  the  fo l lowing  method was  u s e d  f o r  
the  c a l c u l a t i o n :  t h r e e  p e a k  he igh t s  w e r e  c h o s e n  wi th  84 ,  146 
and 280 r e l a t i v e  r e t e n t i o n  t imes  wi th  r e s p e c t  to p , p ' D D E  ( a s  
1 0 0 ) ,  and c o r r e s p o n d i n g  to c e r t a i n  5 - ,  6 - ,  and 7 - c h l o r o b i p h e -  
n y l s ( H u t z i n g e r  et  a l .  1974) .  The  p e r  cen t  weight  of  the  com-  
ponen t s  of  each  p e a k  was  a s s u m e d  to  be  equa l  to the  v a l u e s  
r e p o r t e d  b y  Webb and M c C a l l  ( 1 9 7 3 )  f o r  the  same p e a k s  f rom 
an A r o c l o r  1260 mix tu re :  4 . 7  % f o r  the  peak  84,  1 4 . 1 %  f o r  
1/+6 and 1 1 . 0  f o r  280.  

RESULTS AND DISCUSSION 

In the  c o n t r o l s  the  P C B  l e v e l  found in  the  r o o t  and f o l i a g e ,  
c o l l e c t e d  a f t e r  28 d of  main c u l t u r e ,  was  l o w e r  than 50 n g g  -1, 
d r y  weight.. 

No evidence of toxicological effects due to the PCB treatment 
was observed in the plants grown in the boxes. A few plants 
(discarded), both in PCB-fortified sand and in 'clean' sand, 
did not thrive, probably due to the benzene residues in the 
sand. 
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F i g u r e  3. T r e n d s  of PCB c o n c e n t r a t i o n  in the  a i r  of the  boxes .  

The PCB peak  p a t t e r n  in sand  and roo t  samples  was  v e r y  s imi-  
l a r  to tha t  of F e n c l o r  64,  whi le  in  the  a i r  and fo l iage  a r e -  
markab le  d i s p l a c e m e n t  to the  le f t  ( h i g h e r  ' e a r l y '  p e a k s )  was  
obta ined  ( F i g u r e  2 ) .  Th i s  is  in  a g r e e m e n t  with the  Haque et 
al .  ( 1 9 7 4 ) f i n d i n g s  on the v a p o u r  b e h a v i o r  of A r o c l o r  1254. A 
s i m i l a r  d i sp l acemen t  of the PCB peaks  i s  r e p o r t e d  by  Suzuk i  

e t  a l .  ( 1977 )  f o r  soybean  s p r o u t s  c u l t u r e d  in  sand  f o r t i f i e d  
with A r o c l o r  1254. 

Tha  a i r  t u r n o v e r  t ime being c o n s t a n t ,  the t r e n d  of the  PCB 
c o n c e n t r a t i o n  in the  a i r  of the  boxes  ( F i g u r e  3 )  shows tha t  the  
v o l a t i l i z a t i o n  r a t e  of t h e s e  chemica l s  i n c r e a s e s  r e g u l a r l y  du r ing  
the expe r imen t .  T h i s  was  an u n e x p e c t e d  r e s u l t ,  as  v o l a t i l i z a -  

Table i, Concentrations of PCB (/ug g-l, dry basks) in the 
leaves of plants grown ifl PCB-fortified sand (F) 
and in 'clean' sand (C), after 28 d of culture. 

b r o a d  bean  bean  tomato cucumb. 

n SD ~ n SD ~ n SD ~ n 

F 26.4 6 4.0 f+2.6 6 10.6 24.3 6 8.7 13.8 1 
C 20.2 6 7.8 f+7,1 6 9.7 22.3 6 4.2 11.8 1 
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tion is characterized by 0-order kinetics. In similar expert, 
ments (in progress) with lindane and eg-hexachlorocyclohexane 
treated sands, a steady-state of the pollutant level in the air 
is reached in less than 2 d and mantained for several weeks. 
A possible explanation lies in the presence (in the sand) of 
residues of incompletely evaporated benzene, which may reduce 
the fugacity of PCB's from the sand. If so, as the experiment 
progresses and the benzene evaporates, the volatilization rate 
of PCB's would increase. Probably more volatile solvents, like 
n-hexane, can reduce such a complication. The PCB vapour 
level found in the air of each box at a given time appears to 
be proportional to the quantity (or evaporating surface) of the 
fortified sand used. 

Concentrations of PCB found in the root of tomatoes grown in 
the  con tamina ted  sand  fo r  28 d w e r e  105, 132,  and 168 / u g g  "1  
d r y  b a s i s ,  but the  p o s s i b i I i t y  of a t r a n s I o c a t i o n  of PCB i h r o u g h  
the  p lan t  t i s s u e s  seems  v e r y  s l i gh t :  in  T a b l e  1 i t  i s  shown tha t  
the PCB c o n c e n t r a t i o n  in the  l e a v e s  of the  p l an t s  i s  not  s i g -  
n i f i can t Iy  dependen t  on the  con tamina t ion  l e v e l  of the  so i l  w h e r e  
t h e y  w e r e  grown.  And th is  i s  the  c a s e  u s ing  a so i l  wi th  a 
high PCB f u g a c i t y  ( 0 . 1 5  % o r g a n i c  c a r b o n )  and a PCB m i x -  
t u r e  c h a r a c t e r i z e d  by  ' low'  v o l a t i l i t y  (60% c h l o r i n e  c o n t e n t ) .  

P r o b a b l y  the  PCB found in  the  roo t  i s  s topped  at  the  roo t  pee l  
l eve I ,  the  mobi l i ty  of t h e s e  chemica l s  t h r o u g h  p lan t  t i s s u e s  
being v e r y  Iow ( I w a t a  and G u n t h e r  1976; W e b e r  and M r o z e k  
1979). 

The difference in the PCB peak pattern between sand and foli- 
age (Figure 1 ) demonstrates that the levels found in plant 
leaves are not due to contamination by soil particles, offering 
further confirmation that the vaporization from the polluted soil 
is the main route for the foliage contamination. 

Small green-houses of the sort we employed are a low-cost 
tool for similar studies, kinetics, and modelling of pollutants' 
environmental fate. 
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