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In recent  years increas ing amounts o f  fung ic ides  have 

been used to cont ro l  so i l  pathogens. Apart  from fung ic ides  

used as so i l  t reatments and seed dressings, large q u a n t i t i e s  

of  f o l i a r  sprays miss t h e i r  t a rge t  and f a l l  onto the s o i l .  

The fa te  o f  these compounds in the so i l  is o f  i n t e r e s t  as 

fung ic ide  residues may be tox i c  to subsequent crops and 

des i rab le  so i l  organisms. 

PCNB, pentach loron i t robenzene,  is used as a seed 

dressing and as a so i l  t reatment fo r  several pathogens 

inc lud ing  Rhizoctonia spp and S c ] e r o t i n i a  spp ( l a ) .  

TCNB, ] , 2 , 4 , 5 - t e t r a c h l o r o n i t r o b e n z e n e ,  con t ro ls  dry ro t  in 

s tored potatoes and B o t r y t i s  s pp in ce r ta i n  91asshouse crops 

( l b ) .  T r i c h i o r o d i n i t r o b e n z e n e ,  an isomeric mix ture o f  8 ~  
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1,2,4-trichloro-4,6-dinitrobenzene and 2~ 1,2,3-trichloro-4, 

6-dinitrobenzene, shows promise as a soil applied fungicide 

for the control of several damping off and a stem and root 

rotting fungi (Ic). 

Chacko et al (2) found that eight soil fungi and eight 

actinomycetes, grown in nutrient media, degraded PCNB. 

Streptomyces aureofaciens reduced the largest quantity of 

PCNB, producing pentachloroaniline. Degradation occurred 

only during the active growth phase of the organism and the 

fungicide was not utilized as a sole source of carbon. 

The purpose of the present study was to follow the 

disappearance of t~ree fungicides from the soil, considering 

both biological and non-biological pathways. 

PROCEDURE 

The soil used in all of the experiments was Yolo fine 

sandy loam described in Table I. 

TABLE I 

PROPERTIES OF YOLO FIN E SANDY LOAM 0-8" 

Sand 52% 

S i l t  2 ~  

Clay 22% 

Organic Matter 1.3% 

Bulk density 1.5 

pH 7.5 

CEC 17.5 
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Five mi l l i g rams of  technica l  grade fung ic ide  in 2 ml o f  

hexane were app l ied  to 50 g. o f  a i r  dry so i l  contained in a 

125 ml Erlenmeyer f l a s k .  An equal volume of  hexane w i thou t  

f ung i c ide  was added to the contro l  s o i l .  The f lasks  were l e f t  

unplugged for  6 hours to a l low the hexane to evaporate and 

then the so i l  was thoroughly  mixed and water was added to br ing 

the moisture content  to approx imate ly  f i e l d  capac i t y .  The 

samples were incubated in con t ro l l ed  temperature cabinets at 

25~ and a stream of  a i r  saturated w i th  water f lowed through 

each f l a s k  at approximate ly  2 ml per minute.  In order to 

d i s t i n g u i s h  between m ic rob io log i ca l  and non-mic rob io log ica l  

disappearance, one set o f  f lasks  for  each t reatment was 

s t e r i l i z e d  at 120~ fo r  20 minutes before the add i t i on  of 

the fung ic ides .  As an add i t i ona l  precaut ion aga ins t  microb ia l  

a c t i v i t y ,  an aqueous so lu t i on  of  0.1~ mercur ic  ch l o r i de  was 

added in place o f  water .  The f lasks  were removed at i n t e r v a l s  

and the fung ic ide  remaining in the so i l  was determined. 

In some experiments the a i r  leav ing each f l a s k  was passed 

through a t rap conta in ing  30 ml o f  a mix ture  o f  7 ~  acetone 

and 3 ~  hexane to determine the loss o f  fung ic ide  in the a i r  

stream. The t raps were made up to volume d a i l y  and changed 

weekly.  

The in f luence of  so i l  mois ture level  on the loss o f  PGNB 

was fo l lowed in s t e r i l i z e d  so i l  con ta in ing  3%, 2 ~  and 5 ~  

water by we igh t ,  leve ls  approx imate ly  equ iva len t  to a i r  dry ,  

f i e l d  capaci ty and satura ted s o i l .  As the loss of  PCNB 
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increased at  the higher water l e v e l s ,  i t s  pers is tence in 

water was a lso i nves t i ga ted .  Two m i l l i l i t e r s  of  acetone 

conta in ing 3.5 mg of  PCNB were added to 50 ml o f  d i s t i l l e d  

water contained in a 125 ml Erlenmeyer f l a s k  set up as 

described p rev ious l y .  

The fung ic ides were ex t rac ted  from the so i l  by 

mechanical ly  shaking w i th  50 ml of  technical  grade acetone 

for  20 minutes. The contents of  the f l asks  were f i l t e r e d  

through a Buchner funnel f i t t e d  w i th  a No. 42 Whatman f i l t e r  

paper and the so i l  was r insed w i th  another 50 m] of acetone. 

The volume of the fung ic ide  so lu t i on  was reduced in a ro ta ry  

evaporator to approx imate ly  50 ml and t rans fe r red  to a 125 ml 

separatory funnel conta in ing 20 ml of  Nanograde hexane. 

Twenty m i l l i l i t e r s  of  d i s t i l l e d  water a c i d i f i e d  w i th  one 

drop of  0 . 1 N  HC! was added to enhance the t rans fe r  of the 

low water so lub le  fungic ides in to the hexane phase. The 

separatory funnel was~aken for  2 minutes and a f t e r  the 

phases had separated, the lower acetone/aqueous phase was 

run in to  another separatory funnel and ex t rac ted wi th  a 

fu r the r  20 ml of  hexane. The hexane phases were placed in 

a 50 ml vo lumet r i c  f l a s k  and made up to volume. In the PCNB 

loss from water experiment, the contents of the flask were 

transferred to a 125 ml separatory funnel, acidified with one 

drop of 0.I N HCI and partitioned in hexane as described 

above. The acetone-hexane mixture from the traps was placed 

in a 125 ml separatory funnel containing ]0 ml of Nanograde 
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hexane and 20 ml of acidified water and the fungicides were 

extracted as described above. 

The fungicides were determined with a Varian Aerograph 

204 gas chromato9raph fitted with a tritium foil electron 

capture detector and set up as follows: 

Column: PCNB and TCNB - 5 ft stainless steel, I/8" 

O.D., packed with 5% SE30 on 60-80 mesh, acid washed, DMCS 

treated Chromosorb W. 

Trichlorodinitrobenzene - 5 ft. stainless steel I/8" O.D., 

packed with 4% XE60 on 70-80 mesh, acid washed, DMCS treated 

Chromosorb G. 

Carrier 9as: Water pumped nitrogen, flow rate, PCNB and 

TCNB - 55 ml/min, trichlorodinitrobenzene - 70 ml/min. 

Temperature; PCNB and TCNB - inlet 225~ column 175~ 

detector 200~ trichlorodinitrobenzene, inlet 210~ column 

160~ detector 200~ 

Elution times: PCNB 3.0 

TCNB 1.5 min, 

1,2,4-trichloro-2,5-dinitrobenzene isomer 

5 mins. 

1,2,3-trichloro-4,6-dinitrobenzene isomer 

6 mins. 

All treatments were replicated in triplicate. 

During the determination of the fungicides by electron 

capture chromatography, several small peaks were observed in 

addition to the starting material, especially in samples that 
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had been incubated for long periods. The three replicates of 

the I0 to 12 month samples of PCNB and TCNB and the 4 to 6 

month samples of trichlorodinitrobenzene were each bulked and 

reduced in volume to I0 ml in a rotary vacuum evaporator, and 

to I ml in a stream of nitrogen. One hundred microl i ter 

aIiquots of the concentrated sample were determined on a 

Varian Aerograph 202 gas chromatograph f i t t ed  with a thermal 

conductivity detector set up as follows: 

Columns: 5 f t  stainless steel I /4" O.D., packed with 

4% Dow ]l on 60/80 mesh acid washed Chromosorb G. 

Carrier gas: Helium, flow rate 50 ml/min. 

Temperature: Inlet  150~ column programmed IO0~ - 

250~ at 4~ per minute. 

Detector: 275~ 

The compounds corresponding to the peaks on the chart 

were each collected in capi l lary tubes from the outlet of the 

detector. The compounds were dissolved in a small volume of 

benzene and chlorine determinations were made by injecting 

into a Dohrman Microcoulometer set up as ]0 ul samples 

follows: 

Column: 

Chromosorb W. 

Carrier gas: 

Temperature: 

6 f t .  glass I/4" O.D. packed with 5% XE60 on 

Helium, ]00 mI/min. 

In let  240~ column 200~ furnace 825~ 

RESULTS AND DISCUSSION 

The influence of water content on the loss of PCNB from 

185 



PERCENT WATER IN S01L 

I00 

75 

o 

so 

Q. 

zs 

0 

~ 50% 

I 2 3 4 
MONTHS 

Figure 1 

3 

Io 20 ~0 

OArS 

Figure 2 

186 



s t e r i l i z e d  so i l  at  25~ is shown in f i gu re  1. Water is a 

h igh l y  polar  molecule and can compete e f f e c t i v e l y  w i th  

pes t i c i des  for  adsorpt ion s i t e s .  I t  is probable that  in 

the a i r  dry s o i l ,  much of the PCNB is  adsorbed and not 

r e a d i l y  ava i l ab le  for  removal, wh i le  in the f i e l d  capaci ty  

and satura ted s o i l s  much of  the PCNB is unadsorbed. 

A s im i l a r  s i t u a t i o n  is found w i th  a number of 

i n s e c t i c i d e s ,  inc lud ing  DDT and hep tach lo r ,  which are 

s t r ong l y  adsorbed by dry f i ne  sandy loam and become 

inc reas ing l y  t ox i c  to insects w i th  increas in  9 moisture 

content (3 ) .  Reduced adsorpt ion at the 2 ~  and 5 ~  water 

leve ls  increases the m o b i l i t y  of PCNB in the so i l  and 

f a c i l i t a t e s  loss by processes such as v o l a t i l i z a t i o n .  

The ra te  of  loss o f  PCNB, however, g rea t l y  exceeds 

that  accountable for  by v o l a t i l i z a t i o n  as i t  has a vapor 

pressure of 11.3 x 10 -5 at 25~ ( l a ) .  A poss ib le  

exp lanat ion  is that  PCNB behaves l i k e  DDT in the presence 

of water ,  Acree et al (4) found that  DDT added to water 

was lost at a rate several times faster than that 

anticipated by the Rasson-Schultz equation. These workers 

attributed their results to the 9rear affinity of DDT for 

the air water interface which facilitates a high co- 

distillation rate. In the experiments reported here, water 

saturated air passed over the soil and there was a negligable 

loss of water from the flasks, so codisti]]ation is not a 

suitable term to describe the loss of PCNB. However, PCNB 
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has an affinity for the air water interface and is lost 

rapidly from distilled water (figure 2) so it would appear 

that PCNB is removed with the stream of moist air. 

The loss of PCNB from sterilized and unsterilized 

soil is shown in figure 3. After lO months 8~ of the applied 

PCNB was lost from the soil. Removal in the air stream 

accounted for 62% of the PCNB and the remaining 18% can be 

attributed to microbial and chemical degradation. The 

recoveries from the traps indicate that undegraded PCNB is 

the major component removed with the air stream. The loss 

of PCNB from unsterilized soil, between 3 and 5 months, 

exceeded that from sterilized soil. This may be attributed 

to microbial action as addition of I% sucrose increased the 

breakdown of PCNB (figure 4). As organic matter stimulates 

microbial growth and increases the degradation of the 

fungicides, a possible field treatment for excessive 

quantities of fungicide would be to incorporate plant 

residues in the soil. 

The loss of TCNB from the soil is much more rapid than 

that of PCNB (figure 5), over 5~ disappearing within 2 months 

and all but 2% lost in lO months. This difference in rate of 

loss is due mainly to physical processes as the rate of 

biological degradation is about the same as for PCNB. TCNB 

is four times as volatile as PCNB and this probably accounts 

for the increased rate of loss. Like PCNB, TCNB is insoluble 

in water and tends to form an oily film at the air-water 
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i n t e r f a c e ,  which opt imizes the chance of loss in the a i r  

stream. 

Degradation by microb ia l  and chemical processes in the 

soil was most significant with the isomers of trichlorodi- 

nitrobenzene (figure 6). After 6 months 98% of the fungicide 

was lost from the soil and microbiological plus chemical 

processes accounted for over 4~4 of this loss. That the 

isomers of trichlorodinitrobenzene were degradated more 

rapidly than either PCNB or TCNB may be due to the lower 

number of chlorines on the benzene ring. 

This is in general agreement with the work of MacRae 

and Alexander (6) who concluded that the number of chlorines 

on the aromatic ring determines the susceptibility of the 

benzoates to microbial degradation. 

Figure 7 shows the gas chromatograms of the three 

fungicides and their soil microbiological and chemical 

degradation products. The microcoulometric determinations 

revealed that the compounds producing the peaks contain 

chlorine, which indicates that they are degradation products 

of the starting materials. The three fungicides bear a 

close resemblance structurally to one another and the break- 

down products of each compound have closely corresponding 

retention times. 

Chacko et al (2) found Streptomyces aureofaciens grown 

in nutrient media reduced PCNB to pentachloroanaline. In the 

soil, under the conditions of this experiment, several peaks 

containing chlorine have been found for each fungicide. More 
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degradation products would be expected in the soi l  as the 

s ta r t ing  material is exposed to a large number of organisms 

and chemical processes and the i n i t i a l  breakdown products 

may be susceptible to further degradation. 

Fungicides are widely used in in tens ive ly  cropped areas 

where i r r i ga t i on  is employed, e.g. in the San Joaquin Valley 

400,000 Ibs of PCNB were applied to cotton in 1963 (6). The 

resul ts in this paper indicate that under these conditions 

considerable quant i t ies of fungicide would be lost to the 

atmosphere. The loss of chloronitrobenzene fungicides from 

the soi l  under f i e ld  conditions and the i r  fate in the atmosphere 

deserves further study as these chemicals appear to be potential 

environmental contaminants. 
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