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INTRODIICT]ON 

I t  is well known that some chlorinated plaguicides 

remain on the soil  for a long time.Among them DDT occu- 

pies a remarkable place,and in some cases a mean l i f e  

over 25 years has been established (WHEATLEY 1965).Such 

a persistency is caused by i t s  resistance both to chemi 

cal and biological degradation. 

However,it has been proved that some microorganisms 

in the soil may convert DDT into i ts  commonest metaboli 

tes (DDD and DDE}.These degradations mainly occur in a- 

naerobic conditions. 

WEDEMEYER (1967) showed DDT metabolization up to di 

chlorobenzophenone (DBP) by Aerobacter aerogenes and, 

further works proved that some others microorganisms may 

also cause such degradations. Anyway,these further degra- 

dations seem to be restr icted to a few microorganisms. 

FOCHT and ALEXANDER (1971) and PFAENDER and ~LEXAN- 

DER (1972) assaying with Hydrogenomones,for the f i r s t  t i  

me showed the rupture of DDT ring by microorganisms. 

Some DDT metabolites found in higher animals are me- 

tabolic products due to in test ina l  microflora and not to 

animal enzymatic systems,as i t  was thought at the begin- 

ning. This led to increase the microbial metabolic stu- 

dies. 

In the present work DDT degradation by ~canthamceba 

castel lani i  cultures is studied,as a contribution to the 

elucidation of DDT metabolism in microornanisms,and par- 

ticularly,because this amoeba is a microbiological cons- 
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t i t u e n t  in s o i l  ecosystems ~vhere t h i s  p l a g u i c i d e  res -  

u l t s  p e r s i s t e n t .  

MATERIALS A!ID ~ETHODS 

Acanthamoeba c a s t e l l a n i i , N e f f  s t r a i n  (ATCC 30.010) 

was obta ined from the American Type Cu l t u re  C o l l e c t i o n  

U .S .A . -  A l i q u i d  medium c c n s i s t i n g  of  p ro teose -pep tone ,  

g l u c o s e , i n o r g a n i c  s a l t s , a m i n o a c i d s  and v i tamins  (KORN- 

1963),was used for  the maintenance of  the s t r a i n  and 

f o r  the exper imenta l  c u l t u r e s .  

In the assays w i th  whole ce! Is ,Acanthamoeba was ino 
m 

cu la ted  i n t o  the s t e r i l e  c u l t u r e  medium c o n t a i n i n g  5 D, 

p.m. of  pure DDT.The c u l t u r e s  were kept in 50 ml f l a s k s  

in a e r o b i o s i s , w i t h o u t  shaking and at  24~ f o r  the pe r i o_  

ds in each case r e q u i r e d .  

Because of  the p o s s i b i l i t y  t ha t  n u c l e o p h i l i c  s i t e s  

on the c e l l  wa l l  might  cause d e c h l o r i n a t i o n  r e a c t i o n s ,  

c o n t r o l  assays were performed w i th  au toc laved c e l l s .  

Thus , the  c u l t u r e s  were incuba ted  u n t i l  the des i red  c e l l  

c o n c e n t r a t i o n  was achieved and then au toc laved  f o r  15 

min, at  120 ~  the a d d i t i o n  of  the p l a g u i c i d e  they 

were again incubated  under the same c o n d i t i o n s  as the 

exper imenta l  c u l t u r e s . T h e  b i o l o g i c a l  i n a c t i v i t y  o f  these 

cel ls was assured after observing them coloured with t r~ 

pan blue. 

Employing the culture medium without cel ls ,contro ls  

were also performed and incubated with DDT under the co~ 

dit ions above described. 

After the incubations,extractions of plaguicides we- 

re made on I0 ml aliquots.Each al iquot was extracted sha 

king for I0 min. with l ml acetone and 5 ml petroleum e- 

ther;the extractions were repeated twice with 2.5 ml po~ 

tions of petroleum ether,The extracts collected were dri 

ed with anhydrous S04Na and,without previous clean-up,a- 
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nalyzed.The analyses by gas-l iquld chromatography were 

carried out in a Carlo Erba GT chromatograpf f i t t ed  

with an electronic capture detector,under the following 

operating conditions: I% SE-30 on Gas-Chromosorb P co- 

lumn at 170 ~ of Ni-63 at 250 ~ gas ca- 

r r i e r  flow (N2) was 50 ml per min,Chromatographic peaks 

were ident i f ied through the use of standards of ppZDDD, 

pp'DDE (Nanogens) and pp'Kelthane (Rohm & Haas) run un- 

der the same conditions.The area of peaks were determi- 

ned by tr iangulat ion.A column packed with 3% Q~-l + I% 

PC-200 on Gas-Chromosorb P,and TLC on plates coated 

with aluminium oxide,developed with n-heptane,were used 

as confirmatory methods. 

I t  was intented to detect the possible presence of 

breakdown products of DDT with carboxyl groups by methz 

lat ion previous to gas chromatography.Samples were tre~ 

ted with Me~)(-CIH 3N for l hour at 65 ~ we 
u 

re extracted and analyzed by gas chromatography. 

RESULTS ArID DISCUSSION 

In some instances,after incubations,the cells were 

separated by centrifugation,washed twice with physiolo- 

gical solution,and the plaguicides extracted from them. 

The analyses showed the presence of DDT degradation pr~ 

ducts.Since this washing procedure does not ensure a 

complete removal of the Dlaguicides adhered to the cell 

membrane,in further experiments i t  was prefered to ex- 

t ract  the plaguicides from the total  culture.The res- 

ults given in the tables were obtained by this l a t te r  

procedure. 

Table l shows the results average of two determina- 

tions,obtained when performing the incubations with 5 

p.p.m. DDT for 12 days. 
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TABLE 1 

Incubation of acantha~noeba caste l lan i i  cultu- 

res with 5 p.p.m, of DDT. 

~; of DDT and i ts  degradation products. 

I~CUBATIO~ DDT DDE DDD DBP 

Culture 80.I0 8.09 9.20 2.60 

Control with au- 
94.55 2.07 3,38 traces 

toclaved cel ls 

Control without 
95.63 1.97 2.40 traces 

cel ls 

DDT degradation products analyzed by gas-l iquid 

chromatography had the chromatographic character ist ics 

of DDE,DDD and DBP. Ident i f i ca t ion of DBP was done in- 

ject ing pp'Kelthane,which originates Dp'DBP as a pro- 

duct of i ts  thermic degradation (MORGAN 1967).The co- 

rroboration of those products was carried out by gas 

chromatography in columns of d i f ferent  polar i ty  and by 

thin layer chromatography.There also appeared in some 

chromatograms smaller peaks with retention times co- 

rresponding to DDOH and DDM,but i t s  ident i ty  could not 

be corroborated. 

Controls show the same degradation products as cul 

tures,but in a much lower proportion.The autoclaved 

cel ls reveal a nonbiological degradation of the same 

order as that produced in culture media without cel ls 

incubated under equal conditlons.This suggests that no 

degradation is produced on cell surface;neither would 

have influence in degradation the cell waste products, 

nor the raising of pH that takes place when cultures 

are grown.lt is for this reason,and a greater easiness 

to operate,that in further experiments only controls 

without cel ls were used. 
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In this nonbiological degradation the poss ib i l i t y  

of photodecomposition (FLECK 1949) must be discarded, 

since the assays were carried out in a dark culture 

chamber. 

Table 2 gives the results average of two determina 

tions,obtained when incubating amoeba with DDT for d i -  

f ferent periods.At the moment incubations were detal- 

ned,count cel ls were made in each cul ture; in  the f i r s t  

and second week i t  was proved that cultures were at 

thei r  exponential growth period. 

TABLE 2 

Incubation of Acanthamoeba caste l lan i i  with 

5 p.p.m, of DDT for d i f ferent  periods. 

% of DDT and i ts  degradation products, 

WEEK INCUBATION DDT DDE DDD DBP 

Is t  Culture 80.85 5.85 4.87 8.66 

Control 97.87 1.45 0.67 traces 

2nd Culture 79.50 4.77 9.63 6.10 

Control 94.70 2.54 1.77 0.98 

3rd Culture 70.88 8.23 9.34 I I .46 

Control 94.83 2.22 traces 2.94 

I t  is observed that as cultures are growing a de- 

crease in DDT concentration is produced,until i t  reac~ 

es 70% of the i n i t i a l  value by the th i rd week. Corres- 

pondingly,an increase in degradation products is pre- 

sent. 

The relatevely low value of DDE during the second 

week may be due to a tendency to form other metabolic 

products such as DDD and DBP. 
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The data obtained by assay controls indicate that 
in these incubation conditions a nonbiological degrad~ 
tion of DDT is also produced,Nevertheless,the values 
obtained,though appreciable,are significantly different 
from those found with the cultures. 

In some cases the detection of degradation products 
traces with chromatographic characteristics similar to 
DDOH and DDM,though not confirmed,might suggest a de- 
gradative metabolic pathway including dechlorinatlons, 
hydration,oxidation and decarboxylation (FISHBEIN 1974) 
until reaching DBP. 
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