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The decomposition of dithiocarbamic acids to amines and carbon 

disulfide in the presence of strong acid is well known and forms the 

basis for the analytical determination of dithiocarbamates (i). Evolu- 

tion of gaseous products from dilute solutions of dithiocarbamate fungi- 

cides has also been reported (2, 3). Cox (4) and Sisler and Cox (5) 

showed that carbon disulfide was present in the air above dilute solutions 

of thiram and nabam in contact with cultures of Fusarium roseum. The 
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fungicides were presumably decomposed by acids excreted into the 

medium by the microorganism. No similar study with higher plants has 

been reported,  yet the vast majori ty of dithiocarbamate fungicides are  

applied to protect  higher plants. During a study of the total fate of z i ram 

residues on Carica papaya (papaya), it appeared conceivable that carbon 

disulfide and dimethylamine could be formed as volatile metabolites. 

Fur thermore ,  it seemed likely that if dimethylamine were formed, it 

could be further  metabolized to carbon dioxide. This paper presents  

the resul ts  of experiments designed to detect, identify and quantitate 

these volatile products. 

Materials and Methods 

Dithiocarbamates: Radioactive potassium dimethyldithiocarbamate 

(KDDC) labeled with 35S was purchased f rom Volk Radiochemical Co., 

Chicago, Illinois. Prior to use it was exhaustively extracted with 

benzene to remove elemental 35S which was the principal radiochemical  

impurity result ing f rom radiodecomposition. Radioactive KDDC labeled 

with 14C in the methyl groups was synthesized f rom 14C dimethylamine 

and carbon disulfide. Zixam [Zn(DDC)2], either 35S or methyl 14C 

labeled, was prepared f rom the respect ive KDDC by addition of a 

stoichiometric amount of zinc chloride, dissolved in water,  to an aque- 

ous solution of the dithiocarbamate. The precipitated Zn(DDC) 2 was 

extracted into chloroform and isolated by removal  of the solvent on a 
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Figure i. Apparatus used for the collection of volatile decomposition 
products. 
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ro ta t ing  e v a p o r a t o r .  Pr ior  to use  all  d i t h ioca rbama te s  w e r e  a s s a y e d  for  

pur i ty  and r ad iopur i t y  by ch rom a t og raphy  (6) and r a d i o c h r o m a t o g r a p h y .  

W a t e r - s o l u b l e  d i t h ioca rbama te s  w e r e  d i sso lved  in 0. 02M p o t a s s i u m  

phosphate  buffer ,  pH 7. 4, containing 800 ppm Tr i ton  X-100 as a wet t ing  

agent ,  i m m e d i a t e l y  p r io r  to appl icat ion to plants .  Zn (DDC) 2 was  appl ied 

e i ther  as a f inely d i s p e r s e d  suspens ion  in H20 with 800 ppm Tr i ton  X-100,  

or  d i s so lved  in d i m e t hy l fo rm am i de .  D i m e t h y l f o r m a m i d e  solut ions did 

not produce  any obse rvab l e  phytotoxici ty.  

Plant m a t e r i a l s :  Papaya plants  (Solo va r i e ty ,  line 5) w e r e  grown 

f r o m  seeds  g e r m i n a t e d  in Vermicu l i t e  in the g reenhouse .  T h r e e - w e e k -  

old seedl ings  w e r e  t r ansp l an t ed  to s t e r i l e  soil  and the plants  w e r e  used  

when th ree  months  old. 

Procedure:  Known amounts  of r ad ioac t ive  d ime thy ld i t h ioca rbama te s  

w e r e  appl ied to the l eaves  of the plant  with a mic rop ipe t .  When the 

solvents  had e v a p o r a t e d  the w e l l - w a t e r e d  plant was  p laced  in the appa -  

r a t u s  shown in F igu re  1. I t  was  i l luminated  by two c i r c u l a r  f l u o r e s c e n t  

l a m p s  giving an a v e r a g e  of 250-foot  candies  a t  the leaf  su r face .  Air  

was  drawn through the s y s t e m  by a smal l  mechanical  vacuum pump. 

Incoming a i r  f i r s t  p a s s e d  through a t r a p  containing acidif ied 0. 1M 

p o t a s s i u m  p e r m a n g a n a t e  to r e m o v e  i m p u r i t i e s  which o therwise  p r o -  

duced an ep inas t ic  r e s p o n s e  in the plant  within 4 hours .  The eff luent  

a i r  s t r e a m  p a s s e d  through two t r a p s  in s e r i e s .  In the case  of 35S- 

labe led  m a t e r i a l s ,  the f i r s t  of these  t r a p s  contained 20~o zinc ace ta te  
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to r e t a i n  H2S, and the second contained Viles r e a g e n t  (7) for  CS2. With 

14C- labe led  subs t ances ,  the f i r s t  t r ap  contained 1. ON HC1, to r e t a i n  

d ime thy lamine ,  and the second contained 15% KOH to t r ap  CO 2. The 

t rapping  solut iuns were  changed a t  sui table  in t e rva l s .  

Radioact iv i ty  de te rmina t ions :  Hydrogen sulfide was  r e m o v e d  f r o m  

the t rapping  solution by addition of 7. 8 mg  of c a r r i e r  sodium sulfide. 

The r e su l t i ng  p rec ip i t a t e  was col lec ted  on a g l a s s  f iber  disc ,  washed,  

d r i ed  and weighed.  Aliquots of the carbon disulfide and d imethy lamine  

t rapp ing  solut ions were  t r a n s f e r r e d  to p lanchets ,  d r i ed  and weighed.  

The rad ioac t iv i ty  in these  s a m p l e s  was  d e t e r m i n e d  with a Nuclear  

Chicago thin window gas  flow counter  with an ef f ic iency of 26% for  14C. 

Radioact ive  ca rbon  dioxide was  p rec ip i t a t ed  as  b a r i u m  carbonate  by 

addition of 10% b a r i u m  chloride to the t rapping  solution. The p r e c i p i -  

ta te  was  col lec ted  on a s i n t e r ed  g l a s s  f i l t e r ,  washed  with wa te r  and 95% 

ethanol ,  and dr ied .  A por t ion  of the p rec ip i t a t e  was  ground to a fine 

powder ,  t r a n s f e r r e d  to a t a r ed  20 ml  liquid sc int i l la t ion counting vial  

and d r ied  to constant  weight.  The via l  was  f i l led  with Cab-O-Si l  th ixo-  

t rop ic  agent  and 20 ml  of sc in t i l l a tor  solution (8). These  s a m p l e s  w e r e  

counted in a Packard  T r i - C a r b  Liquid Scinti l lat ion S p e c t r o m e t e r  which 

had an eff ic iency of 55~o for  14C. The r e s u l t s  of r ad ioac t iv i ty  d e t e r -  

mina t ions  w e r e  c o r r e c t e d  for  background,  decay ,  and sel i  absorp t ion .  
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TABLE 1 
Radioactive Carbon Disulfide Released by Plants 

Treated with Radioactive Dimethyldithiocarbamates 
(Average of 3 Replications) 

Compound applied 
Days after 35S_KDDC 35S_Zn(DDC)2 
application cpm cpm 

1 105,600 1,290 

2+3 218,800 2,790 

4+5+6 270, 800 4,110 

7+8+9 36,300 3,980 

10+11+12+13 6, 270 5,230 

Total 637, 770 17, 400 

co_unts applied 1.65 x 107 . . . . . . .  1.36 x 107 

TABLE 2 
Radioactive Carbon Dioxide Released by Plants 

Treated with Radioactive Dimethyldithiocarbamates 
(Average of 3 Replications) 

Days after 
applicatio~ 

1-3 

4-6 

7-9 

10-12 

Total 

Compound applied 

14CH3-KDDC 
.cpm 

2,001 

2,295 

2,351 

2,227 

8,874 

14CH3-Zn(DDC)2 
. .cpm . . . . .  

547 

582 

568 

543 

2,240 

Counts applied 2 . 9 x  105 2.04 x 106 
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Resul ts  and Discuss ion 

The poss ibi l i ty  that  volat i le  products  could be fo rm ed  f ro m  re s idues  

of d i th iocarbamates  on higher  plants s e e m s  to have been over looked.  Our 

data,  p r e sen t ed  in Tables  1 and 2, demons t ra te  that such products  axe 

f o r me d  by higher  plants,  and that s ignificant  amounts of carbon disulfide 

axe r e l e a s e d  f r o m  r e s idues  of both KDDC and Zn(DDC)2. The r a t e  of 

r e l e a s e  (Fig. 2) is  much g r e a t e r  with KDDC shor t ly  af ter  application,  

but by the ninth day the r a t e s  of carbon disulfide evolution a re  essen t ia l ly  

the same for  both compounds.  The much slower evolution of carbon di-  

sulfide f r o m  Zn(DDC)2 r e s idues  is p re sumab ly  due to the low-water  

solubil i ty of this substance when compared  with that  of the potass ium 

salt.  The d e c r e a s e  in carbon disulfide product ion obse rved  with the 

la t te r  may  also be due to solubili ty,  since i t  has been shown that KDDC 

r e s idue s  a re  gradual ly  oxidized to t h i r am on leaf  su r faces  (9). 

The site of decomposi t ion  may be e i ther  the leaf  sur face  or within 

the outer  l a y e r s  of cel ls .  The plants were  in an a tmosphere  at or near  

100~o re l a t ive  humidity,  and under  these conditions a f i lm of mo i s tu re  

on the leaf  sur face  could be suff icient ly acidic ,  due to d issolved carbon 

dioxide,  to ca ta lyze  a r eac t ion  s imi la r  to that p roposed  by Zuman and 

Zahradnik (10) for  the acid decomposi t ion of d i th iocaxbamates  

_c~S + S 
(CH3) 2 n + H + ~ ( C H 3 ) 2  ~ - C  ~ ~ (CH3) 2 NH + CS2 

"s- I >..s- H l[ m?~ 
(CH3)2NH2HCO3 
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F i g u r e  2. Evolution of volatile products from plants treated with 
radioactive dimethyldithioca_rbamates. CS2 fromS5S-KDDC 

0 ;  CS 2 from 35S-Zn(DDC)2 �9 ; CO2 from 14CH3-KDDC 
�9 ; CO 2 from 14CH3-Z-(DDC)20. 
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Hallaway (11) has shown that the half l ife of d ie thyld i th iocarbamate  in 

acid solution r anges  f r o m  2 min at pH 4 .0  to 860 min at pH 6. 6. At pH 

5 .7 ,  the approximate  pH of mois t  leaf su r faces ,  the haK life was 107 

rain. Although these r e su l t s  a re  for  the diethyl der iva t ive ,  it  is r e a s o n -  

able to expect  that  the dimethyl  compound would behave in a s imi la r  

fashion.  The KDDC compounds we re  applied in pH 7. 4 phosphate buffer  

in an a t tempt  to r educe  the effects  of d issolved CO 2. The other  product  

of acidic decomposi t ion ,  t r ime thy lammonium bicarbona te ,  would be 

unstable under these condit ions,  and p re sumab ly  give r i s e  to appreciable  

quanti t ies  of t r imethy lamine .  Only t r ace  amounts  (0. 013~o of applied 

14C-KDDC and 0. 016~o of applied 14C-Zn(DDC)2) of this substance were  

de tec ted  over  a 14-day per iod ,  indicating that e i ther  decomposi t ion  at 

the leaf  sur face  is a minor  phenomenon, or that the l i be ra t ed  t r ime thy l -  

amine or t r ime thy lammonium bicarbonate  is rap id ly  and se lec t ive ly  

absorbed  by the plant t i s sues .  

The a l te rna t ive  to sur face  decomposi t ion is degradat ion of the 

d i th iocarbamates  in the outer  cell  l aye r s  of the leaf.  Z i ram and 

th i ram,  or at l eas t  DDC ions de r ived  t h e r e f ro m ,  a re  known to be 

absorbed  by intact  leaves  (9, 12). D i r ec t  decomposi t ion  of these com-  

pounds by acidic  ce l lu lar  f luids would follow the r eac t ion  a l ready  d is -  

cussed.  Re leased  carbon disulfide would diffuse f r o m  the cel ls  into 

the a tmosphere  while the t r ime thy lamine  would be oxidat ively 

metabol ized .  
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It  would appea r  that  DDC ion is  not demethy la ted  p r io r  to r e l e a s e  of 

CS 2 since this would give r i s e  to methy l i so th iocyana te  by r e a r r a n g e m e n t  

of the monome thy ld i t h ioca rbama te ,  and this subs tance  was  not detected.  

Nei ther  was  another  potent ia l  vola t i le  decompos i t ion  product ,  hydrogen 

sulfide,  de tec ted  in these e x p e r i m e n t s .  

DDC ions a r e  conjugated in higher plants  to f o r m  de r iva t i ve s  of 

g lucose  and alanine (13, 14). These  subs tances  a r e  in equ i l ib r ium with 

each  other  and with a sma l l  amount  of DDC ion (15). It  is  p robab le  that  

pa r  t or  all  of the carbon disulfide produced l a t e r  than seven  days  a f t e r  

appl ica t ion of KDDC is  de r ived  f r o m  decompos i t ion  of DDC ions p r e s e n t  

in this  equ i l ib r ium.  

A m o r e  comple te  ana lys i s  of the m e c h a n i s m s  under ly ing  the r e l e a s e  

of volat i le  decompos i t ion  p roduc t s  of d i t h ioca rbama te  fungicide r e s i d u e s  

on higher  plants  is  not poss ib le  a t  this t ime.  The sa l ien t  point  i l l u s -  

t r a t ed  by our r e s u l t s  is that  such volat i le  p roduc t s  a r e  f o r m e d  and 

const i tute  one poss ib le  rou te  for  the d iss ipa t ion  of these  pes t i c ides .  

331 



. 

2. 

. 

4. 

, 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

References 

T. CALLAN and N. J. STRAFFORD, J. Soc. Chem. Ind. 43, IT 
(1924). 

R. M. WEED, S. E. A. MCCALLAN, and L. P. MILLER, 
Contribs. Boyce Thompson Inst. 17, 299 (1953). 

S. E. A. MCCALLAN, L. P. MILLER, and R. M. WEED, 
Contribs. Boyce Thompson Inst. 18, 39 (1954). 

C. E. COX, H. D. SISLER, and R. A. SPURR, Science 114, 643 
(1951). 

H. D. SISLER and C. E. COX, Phytopathology 41, 565 (1961). 

J. W. HYLIN, Bull. Environ. Contamination Toxicol. 1, 76 (1966). 

H. L. PEASE, J. Ass. Offic. Agr. Chem. 40, 1113 (1957). 

C. F. GORDON and A. L. WOLFE, Anal. Chem. 32, 574 (1960). 

J. W. HYLIN, Abstracts, 145th National Meeting of the American 
Chemical Society, Atlantic City, N. J. ,  Sept. i963, p 17a. 

P. ZUMAN and R. ZAHRADNIK, Z. Phys. Chem. (Leipzig) 208, 
135 (1957). 

M. HALLAWAY, Biochim. Biophys. Acta 36, 538 (1959). 

F. MASSAUX, Mededel. landbHogesch. Gent 28, 590 (1963). 

J. KASLANDER, A. KAARS SIJPESTEYN, and G. J. M. VAN DER 
KERK, Biochim. Biophys. Acta 52, 396 (1961). 

J. KASLANDER, A. KAARS SI]PESTEYN, and O. J. M. VAN DER 
KERK, Biochim. Biophys. Acta 60, 417 (1962). 

H. M. DEKHUIJZEN, Neth. J. Plant Path. 70, Suppl. 1, 75 pp 
(1964). 

332 


