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Photodegradable Formulations of DDT1 
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Summary .  The  i n c o r p o r a t i o n  of d i p h e n y l a m i n e  a n d  d ie thy lan i l ine  in commerc ia l  D D T - W D P  fo rmula t i ons  sp rayed  on  
Phaseolus aureus a n d  Tabernaemontana coronaria revealed  t h a t  b o t h  these  chemica ls  e n h a n c e d  t he  in i t ia l  r a t e  of loss 
of DDT.  B o t h  these  sensi t izers  e x h i b i t e d  no i m m e d i a t e  adver se  effect  on t he  s torage  s tab i l i ty ,  pI-I, sieve r e q u i r e m e n t  
a n d  colour  of t h e  fo r m u l a t i ons  a n d  i n t r o d u c e d  no  p h y t o t o x i c i t y .  D i p h e n y l a m i n e  add i t ion ,  however ,  h a d  some adverse  
effects on  t h e  suspens ib i l i ty .  

The  c o n t r i b u t i o n  of D D T  to t he  welfare  of m a n k i n d  is 
u n d o u b t e d l y  far  more  t h a n  t h a t  of a n y  o t h e r  pes t ic ide  
deve loped  t i l l  da te .  The  m a j o r  defect  for i ts  be ing  b r a n d e d  
as a n  e n v i r o n m e n t  p o l l u t a n t  is i ts  p e r s i s t e n t  cha rac t e r .  
Mi t iga t ion  of th i s  effect  m a y  be  p r o b l e m a t i c  once D D T  
f inds  i ts  w a y  in to  soil or b o d y  fat .  However ,  t h e r e  is a 
poss ib i l i ty  of e n h a n c i n g  i ts  d e g r a d a t i o n  on  surfaces 
exposed  to  l igh t  b y  c o m b i n i n g  i t  s u i t a b l y  w i t h  pho to -  
sensi t izers .  

Effect of diphenylamine and diethylaniline on some of the charac- 
teristics of DDT water dispersible powders (DDT: sensitizer, 1:1) 

Characteristic DDT DDT + DDT + 
diphenylamine diethylaniline 

Storage stability Stable Stable Stable 
(under all tried containers) 
Suspensibility (%) 78.0 60.8 75.7 
pH 9.00 8.95 9.00 
Sieve requirement 100~ 100% 100% 
(200 mesh) passes passes passes 
Colour Cream Cream Cream 
Phytotoxicity Nil Nil Nil 
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Effect of diphenyl-amine and diethyl-aniline in enhancing the photo- 
degradation of DDT on plants. A. Phaseolus aureus. B. Tabernae- 
montana coronaria. 

Useful  leads in th i s  d i rec t ion  h a v e  b e e n  o b t a i n e d  b y  
va r ious  workers  2-7 in ex tens ive  l a b o r a t o r y  a n d / o r  field 
s tud ies ,  a n d  a n u m b e r  of sensi t izer  chemica ls  h a v e  been  
repor ted .  P r ac t i c a l  u t i l i za t ion  of these  resul t s  necess i ta tes  
an  i nves t i ga t i on  of t he  pe r fo rmance  of these  pho tosens i -  
t izers  w h e n  i nco rpo ra t ed  in to  t he  commerc i a l  D D T  com- 
pounds ,  a n d  t h e i r  effect  on  t h e  phys ico -chemica l  charac-  
t e r i s t i cs  of such  compounds .  This  aspec t  has  been  
i n v e s t i g a t e d  in t he  p re sen t  c o m m u n i c a t i o n .  

Mater ials  and methods. L i t e r a t u r e  revea led  t h a t  2 
sensi t izers ,  n a m e l y  d i p h e n y l a m i n e  and  d ie thy lan i l ine ,  
were qu i te  eff ic ient  in b r ing ing  a b o u t  p h o t o d e g r a d a t i o n  
of DDT.  These  were, therefore ,  used as t he  t e s t  sensi t izers .  
F o r  sp r ay ing  on  p lan ts ,  a su i t ab le  a m o u n t  of commerc i a l  
50% D D T  w a t e r  d ispers ib le  p o w d e r  f o r m u l a t i o n  (DDT- 
W D P )  was t a k e n  so as to  get  a 0 .1% D D T  suspens ion  in 
water .  I n  sensi t izer  t r e a t m e n t s ,  t he  sens i t izers  were added  
in f ine ly  powdered  or n e a t  l iquid fo rm m a i n t a i n i n g  a D D T  : 
sensi t izer  ra t io  of 1:1.  The  well  s h a k e n  suspens ions  were 
sp rayed  w i t h  a h a n d  sp raye r  (Ganesh  p n e u m a t i c )  on t he  
leaves of Phaseolus aureus a n d  Tabernaemontana coro- 
nar i s  in 2 rep l ica t ions  in  t he  field. C o n c o m i t a n t  cont ro l s  
were r u n  s imul taneous ly .  Sampl ing  was done  b y  r a n d o m  
p ick ing  of 5 leaves  a t  0,1, 3, 7, 15, 21 a n d  28 days  in te rva l .  
20 c i rcu la r  discs (diam. 10 ram) were cu t  ou t  of these  
leaves  a n d  c rushed  t o g e t h e r  w i t h  a n h y d r o u s  sod ium 
s u l p h a t e  in  a glass pes t le  mor t a r .  The  r e s u l t a n t  s u b s t a n c e  
was e x t r a c t e d  in n -hexane ,  a n d  t h e  e x t r a c t  c leaned  
t h r o u g h  a c o l u m n  c o n t a i n i n g  layers  of a n h y d r o u s  sod ium 
su lpha te ,  a c t i v a t e d  cha rcoa l  a n d  a n h y d r o u s  sod ium sul- 
pha t e .  The  e x t r a c t s  were f ina l ly  m a d e  u p t o  50 ml  a n d  
ana lyzed  b y  GLC (Tracor  1V[T 220 gas c h r o m a t o g r a p h )  
us ing  Ni  ~ e lec t ron  cap tu r e  de tec tor .  A U - s h a p e d  6' • 1/4" 
O.D. glass co lumn  packed  w i t h  3% OV-1 coa ted  on  
80/100 mesh  c h r o m o s o r b - W  was used. Co lumn  t e m p e r a t u r e  
200~ de t ec to r  t e m p e r a t u r e  250~ car r ie r  gas, N~, 
80 ml /min ,  were found  s a t i s f ac to ry  for t h e  analysis .  

The  effect  of these  pho tosens i t i ze r s  on  some of t h e  
phys ieo -chemica l  cha rac te r i s t i c s  of l a b o r a t o r y  p r e p a r e d  
D D T - W D P  c o m p o u n d s  was inves t iga ted ,  m a i n t a i n i n g  
a D D T  : sensi t izer  ra t io  of 1 : 1. The  s torage  s t a b i l i t y  was  
i n v e s t i g a t e d  up  to  1 m o n t h  u n d e r  room s to rage  (diffused 
l ight)  cond i t ions  in  t r a n s p a r e n t  a n d  coloured  glass bot t les ,  
as well  as wh i t e  a n d  b l ack  p o l y e t h y l e n e  bags.  The  sam-  
ples, d r a w n  periodical ly ,  were ana lyzed  b y  GLC as g iven  
in de ta i l  above.  The  samples  were cons idered  s t ab le  w h e n  
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GLC failed to reveal any additional peak compared to 
reference samples of DDT and sensitizers. The suspen- 
sibility was determined by WHO/SIF /1 .R  s (1967) 
method s. Glass cylinders wrapped in black carbon paper 
were used for the purpose. To avoid sensitizer interference 
during the colour change at end point of titration, the 
solution, after precipitating AgC1, was extracted with 
petroleum ether. This removed the sensitizers, pH of 1 : 5 
(compound : water) suspensions was measured using a line 
operated, glass electrode pH meter. Sieving requirement 
after accelerated storage was determined as per WHO/M/4 
method s. Colour after storage (since sensitizers attain 
colour on exposure to light) and phytotoxici ty symptoms 
of compounds were visually observed. Phytotoxici ty 
observations were made against rice, cowpea, wheat, 
moong and a few ornamentals. 

Results and discussion. The results in the Figure reveal 
tha t  both diphenylamine and diethylaniline enhance the 
photodegradation of DDT: The enhancement is initially 

more; almost 30-40% more DDT being lost in sensitized 
compounds compared to DDT in the control. The sub- 
sequent slowing down of the rate could be attr ibuted to 
the volatile nature of these amine sensitizers. The relative 
efficiency of these sensitizers seems to be influenced by 
plant surfaces. An overall better performance is also 
apparent with diphenylamine. 

I t  is seen from observations reported in the Table tha t  
incorporation of diphenylamine or diethylaniline in the 
compounds neither affects their storage stability, pH, 
sieve requirement and colour, nor introduces any phyto- 
toxicity. However, the addition of diphenylamine lowers 
the suspensibility, which, though still marginally above 
the WHO prescribed limit of 60%, could be a slight cause 
of concern. 

8 W. H. 0., Speci/ieations /or Pesticides used in Public Health, 3rd 
edn. (W.H.O., Geneva 1967), p. 80 and 253. 

A Possible Chemical Basis for the Higher Mutagenicity of Marijuana Smoke as Compared to Tobacco 
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Summary. The results of comparative analyses of polynuclear aromatic hydrocarbons in marijuana and tobacco smoke 
indicate a considerably higher content of potential carcinogens in the former. A model experiment involving A 9- 
tetrahydrocannabinol suggests that  the pyrolysis products of cannabinoids are major contributors to the polynuclear 
aromatic hydrocarbons. 

Certain adverse effects of marijuana smoking observed 
both clinically and in laboratory experiments are bron- 
chial irritation and the action of smoke in lung tissue that  
produces biochemical and cellular abnormalities charac- 
teristic of the early stages of cancer 3. Leuchtenberger 
et al. 4-6, studied the effects of marijuana and tobacco 
smoke, passed under standard conditions over mouse ~ 
and human 4, 6 lung explants, on DNA synthesis and chro- 
mosomal complement. More pronounced abnormalities 
from marijuana smoke were observed. 

Obviously, a chemical basis must exist for the above 
observed phenomena. Although many details concerning 
the complex chemistry of marijuana smoke have been 
so far unavailable because of purely methodological 
reasons (e.g., the problems of chromatographic resolution 
and identification methods), we have chosen to investi- 
gate the occurrence of the potent carcinogens, poly- 
nuclear aromatic hydrocarbons, in marijuana smoke 
condensate as the primary objective. Detailed structural 
studies performed in our laboratory (using liquid-chroma- 
tographic methods, NMR-spectroscopy, and the combina- 
tion of high-resolution gas chromatography-mass spectro- 
metry) resulted in identification of over 150 polynuclear 
aromatic hydrocarbons in marijuana smoke condensate. 
The results were further compared with those obtained 
with smoke condensate from an equal amount of standard 
high-tar tobacco cigarettes. 

Cigarettes prepared k o m  equal weights of Mexican 
marijuana (standard material obtained from the National 
Insti tute of Mental Health, Rockville, Maryland; the 
content of hg-tetrahydrocannabinoh 2.8%) and standard 
tobacco cigarettes (from Tobacco-Health Research 

Institute, Universi ty of Kentucky, Lexington, Kentucky) 
were smoked by means of a standard smoking machine 7 
and smoke collected. Approximately 2,000 cigarettes 
from each were used in the pilot study. Smoke conden- 
sates were further processed by a modified previously 
reported fractionation procedure s. 

Total  weights of the polynuclear aromatic fractions 
containing 3 rings and greater were 73.7 mg and 56.9 mg 
for marijuana and tobacco, respectively. High-resolution 
gas chromatography using a glass capillary column and 
precolumn concentration technique (Figure 1) shows the 
profiles of polynuclear aromatic hydrocarbons for both 
materials within the volatil i ty range of tricyctic to hexa- 
cyclic molecules. The profile comparison indicates a larger 
proportion of heavier polynuclears encountered in mart- 
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