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Chlorinated pest ic ides such as hexachlorobenzene (HCB), ~-  and 
y-hexachlorocyclohexane (HCH), and p,p'DDT with i t s  pr incipal  
der iva t ive  p,p'DDE have become const i tuents of the biosphere, 
even though they are xenobiot ics.  This is a consequence of the i r  
great use all  over the world, t he i r  high s t a b i l i t y  in several 
natural condi t ions,  and the i r  mob i l i t y  in the environment. 

Physico-chemical propert ies of these compounds indicate that  so i ls  
and sediments can be considered as the pr inc ipal  environmental 
reservoirs (Mackay and Paterson 1981; Gaggi et al .  1985). Despite 
the i r  low (HCH) or very low (DDT) vapor pressure (Spencer and 
Cl iath 1970; Dobbs and Cull 1982; Rothman 1980) vapor movements 
of these contaminants from polluted so i ls  probably const i tu te  
the main route of the i r  long-range t ranspor tat ion (Spencer and 
Cl iath 1972; Atlas and Giam 1981). 

The remarkable l i p o a f f i n i t y  of these chemicals (Veith et al. 1979) 
indicates the potent ia l  of bioconcentration and bioaccumulation 
in biological  system. Plant fo l iage uptake of vapors of these 
contaminants has been previously reported (Whitacre and Ware 1967; 
Nash and Beal 1970). 

In a recent paper (Bacci and Gaggi 1985) i t  was demonstrated that 
the level of PCBs found in the fo l iage of beans, broad beans, 
tomatoes and cucumbers cultured 28 d in PCB-for t i f ied sand or 
in 'clean' sand in small green-houses was independent of the con- 
tamination level of the soi l  where they were grown. Levels found 
in fo l iage were mainly due to the PCB-vapor concentration in 
the ai r  of the green-houses. 

The present study was undertaken to invest igate the s igni f icance 
of the root uptake ( t ranslocat ion)  in the determination of f o l i a r  
levels of HCB, HCH isomers, p,p'DDT and DDE, in a test  species: 
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Phaseolus vu lgar i s  (dwarf bean). 

MATERIALS AND METHODS 

Two 60-cm-wide cubic glass boxes, mantained at a constant tempera- 
ture by means of a warm water system in the bottom and cont inu-  
os ly  i l l um ina ted  by 3x20 W True-L i te  f luorescent  tubes, were used 
(Bacci and Gaggi 1985). The temperature was 24~ at the bottom 
and 27~ at the top, due to in f luence of the lamps. The cu l tu re  
area was located in a glass t ray  to reduce the impact of a i r  
f lowing in through a 3-cm-diameter hole placed near the bottom. 
Two other s im i l a r  holes and s l i g h t  gaps between the box and i t s  
cover which simply rested on the wa l l s ,  guaranteed a s u f f i c i e n t  
a i r  turnover .  The a i r - t u rnove r  time of each box, ca lcu la ted from 
the decay of a t racer  ( y -HCH) ,  was about 80 min. The a i r  volume 
of the boxes being 200 I ,  t h i s  means that  the a i r  input  (and 
output)  was 2.5 1 min - | .  

A Pliocene sand, pH 7.5 (Aubert 1978), conta in ing  0.15% organic 
carbon (Gaudette et a l .  1974), c l a s s i f i a b l e  as a ' f i n e  sandy 
medium sand' (Doeglas 1968), was used as cu l tu re  s o i l .  The sand 
was oven-dried (24 h at 80~ and, a f te r  coo l ing  in a dess ica tor ,  
equ i l i b ra ted  wi th  n-hexane ( fo r  pes t ic ide  residue ana lys is ,  
1 1 kg - I ,  3 d).  F o r t i f i c a t i o n  was done wi th HCB, c~- and ~-HCH, 
p,p'DDT and DDE, by adding 75 mg of pure compound to d i f f e r e n t  
300 g a l iquots  of sand (one for  each contaminant) .  The nominal 
concentrat ion of each po l l u tan t  in the f o r t i f i e d  sand was 
250 mg kg - I .  The solvent  was then completely evaporated by vacuum 
ro ta ry  evaporator. 

Dwarf bean was selected as tes t  species. Bean seeds were act ivated 
in water (I h at 40~ seeded in 'c lean'  sand and kept at 35~ 
for  a week; then the small sprouts were t rans fe r red  to the 
green-houses and accl imatated at 24-25~ fo r  a second week. Af ter  
t h i s  (p re l im inary  c u l t u r e ) ,  the main cu l tu re  began: each bean 
sprout was put in to  a glass vessel con ta in ing  e i the r  65 g of 
'c lean'  sand, or 25 g of f o r t i f i e d  sand sandwiched between two 
layers of 'c lean'  sand, 30 g at the bottom and I0 g on top. The 
sandwich was made to avoid fo l i age  contaminat ion by po l lu ted sand 
(the top) and to reduce the amount of po l lu ted  sand to be used 
(the bottom). The tangle of the roots ins ide the vessels dur ing 
the experiment guaranteed a d i rec t  contact between roots and pol-  
lu ted sand. 

Two green-houses were used. The f i r s t  (box I )  was t es t i ng  for  
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C~-HCH (12 bean sprouts in 12 vessels wi th ~ -HCH- fo r t i f i ed  sand) 
and p,p'DDE (12 sprouts in 12 vessels wi th  p ,p 'DDE- fo r t i f i ed  
sand); 12 sprouts cu l tu red on 'c lean'  sand were also placed in 
the same box. S i m i l a r l y ,  in the second box (box 2) 12 sprouts 
were cu l tured in HCB-, 12 in y-HCH- and 12 in p ,p 'DDT- fo r t i f i ed  
sand in add i t ion to 12 sprouts grown on 'c lean '  sand. Vessels 
were placed in the cu l tu re  area of the boxes at random. 

A 'c lean'  area, away from the labora tory ,  was used for  a cu l tu re  
of I0 plants in 'c lean '  sand at room temperature, as con t ro ls .  

Water was suppl ied once a day d i r e c t l y  on the sand to keep the 
so i l  moist.  

Sampling times were 7, 14, 21 and 60 days (main c u l t u r e ) ,  tak ing 
fo l i age  from 3 separate sprouts fo r  each kind of t reatment,  by 
using a l i t t l e  noose introduced in to  the boxes through one of 
the la te ra l  aerat ion holes. Even when sprouts cu l tu red on po l lu ted 
sand were completely used up for  sampling (or heav i l y  damaged 
dur ing sampling), the sand was watered da i l y  to avoid reduct ion 
in evaporation rate of pest ic ides (Spencer and Farmer 1980). 

Analyses were car r ied  out on a i r  and fo l i age  samples. A i r  samples 
were co l lec ted on F l o r i s i l  using disposable Pasteur pipets accord- 
ing to Giam et a l .  (1975), wi th minor mod i f i ca t ions .  Apparent 
sample volumes were measured by soap-bubble f low-meter connected 
in ser ies between the a i r  t rap and a tap-water vacuum pump. These 
volumes were corrected only by pressure (about ha l f  an atmos- 
phere), measured by a manometer on the asp i ra t ion  l i ne .  Pest ic ide 
residues adsorbed onto the F l o r i s i l  were eluted wi th 45 ml 
n-hexane in glass chromatographic-columns conta in ing 0.5 g 
anhydrous Na 2sO 4 at the bottom. Af ter  a su i tab le  concentrat ion 
the samples were in jec ted in to  a Perkin-Elmer F-22 gas-chroma- 
tograph equipped wi th  on-column i n j ec to r s ,  Nickel 63 ECDs and a 
data s ta t i on ;  2 m x 2 mm i . d . ,  s i lane t rea ted ,  bo ros i l i ca te  
glass-column, packed wi th GP 4% SE-30 6% SP-2401 on 100/120 mesh 
Supelcoport ( rou t ine  packing) and GP 1.5% SP-2250 1.9% SP-2401 
on 100/120 mesh Supelcoport, were used. The c a r r i e r  gas was 
argon-methane 95/5%; f lows 60 and 40 (as scavenger) ml min - I  
I n j ec to r ,  oven and detector temperatures were 210, 200 and 280~ 
respec t i ve ly .  

Fol iage samples were p a r t i a l l y  dr ied overn ight  at 50~ Subsamples 
were used to detect the res idual  water content (24 h, I05~ 
Ext ract ions were car r ied  out in a Soxhlet apparatus, using 
n-hexane. The clean-up procedure was a s u l f u r i c  acid treatment 
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followed by the Flor is i l  chromatography. 

RESULTS AND DISCUSSION 

The concentration of HCB, ~- and F-HCH, p,p'DDT and DDE in the 
control bean plants after 60 d of treatment (main culture) were 
always lower than 20 ng g-l, dry weight. 

General conditions of the plants were good: by the end of the 
experiments flowers and small f ru i ts had developed on the plants 
that had been disturbed less during sampling. No evidence of 
toxicological effects due to treatment was observed. 

The results shown in Table l demonstrate that the levels of the 
tested chlorinated pesticides in the foliage of the bean plants 
are not signif icantly dependent on the contamination level of 
the soil where they have been grown. Probably the mobility of 
these contaminants through the root is very slight, as was previ- 
ously stated in similar experiments on PCBs (Bacci and Gaggi 
1985). Therefore levels found in the bean foliage are mainly due 
to the vapor uptake from the contaminated air of the boxes. 

Pesticide vapor concentrations in the air of the green-houses 
were measured during the translocation experiment. As is reported 
in Table 2, there is a good direct proportionality between these 
levels and the vapour pressure values of the studied compounds 

Table 2. Mean concentrations (~mol l - l )  of the vapors of the 
chemicals in the air of the boxes during the trans- 
location experiments and vapor pressure values (po, 
as mmHg at 25~ 

F-HCH c~-HCH HCB p,p'DDE p,p'DDT 

x 6.6 10 -5 2.5 10 -5 l.l 10 -5 2.9 10 -6 2.5 10 -7 

n 14 19 14 18 13 

%CV 31 29 51 34 22 

po 6.3  10 -5 3 .0  10 -5 1.7 10 -5 3.2 10 -6 4.3 10 -7 
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Figure I .  Trends of the levels of y-HCH and p,p'DDT vapors in 
the a i r  of the green-house (box 2) during t ranslocat ion 
experiments. 

(Spencer and Cl iath 1970; Dobbs and Cull 1982; Farmer et al .  1980; 
Spencer and Cl iath 1972; Rothman 1980). Considering that the mol- 
ecular weight of these chemicals ranges from 284.8 (HCB) to 354.5 
(DDT) and that the a i r  turnover-t ime as well as other experimental 
condit ions were kept almost constant, these f ind ings are in agree- 
ment with the l i t e r a t u r e  (Hartley 1969; Dobbs and Cull 1982). 

In Figure 1 the trend of the levels of the vapors of y-HCH (the 
most v o l a t i l e )  and p,p'DDT (the least)  are plot ted to show that 
over two months the levels of contaminant vapor in the a i r  of 
the boxes remained almost constant. Simi lar trends were found 
for the other chemicals studied, ind ica t ing  that these small 
green-houses could also be used for k ine t ics  experiments (e.g. 
the uptake of these or s imi lar  vapors~ by plants or animals). 
In th is  case the use of non-growing (or rather with negl ig ib le  
growth) b io logical  systems is recommended to evaluate the exposure 
time of the examined materials; in fact  the s l i gh t  mob i l i t y  of 
the studied compounds and the i r  high b i o a f f i n i t y  indicate that 
accumulation phenomena are very l i k e l y ,  as was observed, in natu- 
ral condi t ions,  for  pine needles (Thomas et al.  1984; Gaggi and 
Bacci 1985). 
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