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Metsulfuron methyl (methyl 2 - [ [ [ [ ( 4 -me thoxy -6 -me thy l - l , 3 , 5 - t r i -  
azin-2-yl)amino]carbonyl ]amino]sul fonyl ]benzoate),  whose structure 
is  closely related to that of chlorsulfuron (2-ch loro-N- [ [ (4-  
methoxy-6-methyl- l ,3,5- t r iazin-2-y l )amino]carbonyl ]benzenesul fona- 
mide), is current ly  being evaluated on the Canadian pra i r ies  as a 
postemergence treatment for  the control of broadleaf weeds in 
cereal crops, in non-crop land and for brush contro l .  

Although applied postemergence, some of the herbicide w i l l  come 
in to  contact with the soi l  making i t  necessary to determine the 
fate of metsulfuron methyl in the so i l .  I t  has been noted (Joshi 
and Brown 1985) that the herbicide undergoes degradation by both 
b io logical  and chemical mechanisms. Soil temperature, soi l  mois- 
ture and soi l  pH also af fect  the rate of degradation with d iss ipa-  
t ion being greater in acid ic  so i ls  than in a lka l ine .  In th is  
regard, metsulfuron methyl is s im i la r  to chlorsul furon which 
undergoes degradation in the soi l  by a combination of chemical and 
biochemical hydrolyses that  are dependent upon so i l  temperature 
and water content and soi l  pH (Anderson and Barret t  1985; Joshi et 
a l .  1985; Thirunarayanan et a l .  1985; Walker and Brown 1983). 

The pKa of metsulfuron methyl is 3.7 and the water s o l u b i l i t y  at 
pH 5 is 0.27 mg/mL, whereas at a pH of 7, where the molecule 
ex is ts  in the ionized form, the s o l u b i l i t y  is  9.5 mg/mL (Anon. 
1984). Chlorsulfuron, with a pka of 3.7, has low soi l  adsorptive 
propert ies and undergoes leaching (Mersie and Foy 1985; Shea 1982; 
Thirunarayanan et a l .  1985). 

These studies were undertaken to invest igate the rate of breakdown 
and the fate of [14C]metsulfuron methyl in three so i ls  under 
laboratory condit ions where no leaching could occur. The rate of 
breakdown of [14C]chlorsulfuron was also invest igated in one of 
the so i l s .  

MATERIALS AND METHODS 

The composition and physical propert ies of the clay, clay loam and 
sandy loam used in these studies have already been described 
(Smith and Muir 1980), the pH values of the so i ls  were 7.5, 5.2 
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and 6.8,  respec t i ve l y .  Samples of a l l  so i l s  were co l lec ted  from 
the surface 5-cm horizons dur ing September, 1984 when the moisture 
contents were below 10% of t h e i r  f i e l d  capac i t i es .  The so i l s  were 
screened through a 2-mm sieve and stored at labora tory  temperature 
u n t i l  the studies were commenced in November, 1984. 

[14C]Chlorsu l furon and [14C]metsulfuron methyl ,  both labeled in 
the phenyl r ing and with radiochemical p u r i t i e s  of over 99.5%, 
were provided by E . I .  du Pont de Nemours & Co., Wilmington, DE. 
The former compound had a spec i f i c  a c t i v i t y  of 6.01 uCi/mg, whi le 
the a c t i v i t y  of the l a t t e r  was 8.62 uCi/mg. The rad ioac t ive  her- 
b ic ides were d issolved in methanol to y i e l d  so lu t ions  conta in ing 
0.333 mg/mL and 0.468 mg/mL ch lo rsu l f u ron  and metsulfuron methyl, 
r espec t i ve l y .  A n a l y t i c a l l y  pure samples of c h l o r s u l f u r o n ,  metsul-  
furon methyl,  2-chlorobenzenesulfonamide and 2-carboxymethylben- 
zenesulfonamide were also provided by E . I .  du Pont de Nemours fo r  
chromatographic purposes. Ind iv idua l  so lu t ions  of a l l  non-radio-  
ac t ive  compounds were prepared in acetone, at concentrat ions of I 
mg/mL. 

Samples (50 g) of the c lay,  clay loam and sandy loam at 85% of 
t h e i r  f i e l d  capac i t ies  were weighed in to  175-mL polystyrene foam 
conta iners f i t t e d  wi th p l as t i c  l i ds  and incubated in the dark at 
20C fo r  7 days. D i s t i l l e d  water was added (by weight)  every 
second day to maintain the moisture contents.  A f te r  e q u i l i b r a -  
t i o n ,  14 cartons conta in ing clay were t reated wi th  [14C]ch lo rsu l -  
furon so lu t ion  (70 uL, 0.14 uCi,  23.3 ug he rb i c ide ) .  An addi-  
t i ona l  14 containers of the moist clay were s i m i l a r l y  t reated wi th 
wi th [14C]metsulfuron methyl (50 uL, 0.20 uCi,  23.4 ug herb ic ide ) .  
Twelve cartons of the clay loam and sandy loam were also t reated 
wi th the same amounts of [14C]metsulfuron methyl.  The so i l  con- 
cen t ra t ion  of both chemicals was 0.47 ug/g, based on moist s o i l .  
Fol lowing t reatment,  the so i l s  were thoroughly mixed and the 
capped cartons incubated in the dark at 20~ Water was added, 
wi th  mix ing,  every second day to maintain water content .  

Dupl icate samples of the clay t reated with ch lo rsu l fu ron  and met- 
su l fu ron methyl were extracted and analyzed rad iochemical ly  a f te r  
1 h and then a f te r  7, 14, 28, 49, 70 and 98 days. Dupl icate 
samples of the clay loam and sandy loam t reated wi th  metsulfuron 
methyl were extracted and analyzed a f te r  i h and then a f te r  7, 14, 
28, 56, and 84 days. 

The so i l  from each carton was t rans fe r r red  to a 250-mL glass stop- 
pered f lask  and shaken on a w r i s t - a c t i o n  shaker for  I h wi th suf-  
f i c i e n t  ex t rac t i on  solvent  ( a c e t o n i t r i l e : w a t e r : g l a c i a l  acet ic  
acid,  80:20:2.5 v / v / v )  so that  the to ta l  volume of ex t rac tan t  and 
water present in the so i l s  was equ iva lent  to I00 mL. A f te r  shak- 
ing,  the so i l  was allowed to remain in contact with the ex t rac t ion  
so lvent  fo r  20 h before being shaken fo r  a f u r t h e r  l - h  per iod.  
Soil ex t rac ts  were then cent r i fuged at 2000 x g for  5 min and 
so l ven t -ex t rac tab le  r a d i o a c t i v i t y  determined by radioassay of the 
supernatant (5mL). 
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A portion of the supernatant (25 mL) was added to 5% aqueous 
sodium chloride (I00 mL) and extracted with dichloromethane (2 x 
25 mL). The combined organic extracts were then evaporated to 
dryness under reduced pressure and the residue dissolved in meth- 
anol (25 mL), aliquots of which (5 mL) were examined for radio- 
a c t i v i t y .  The remaining methanolic extracts were evaporated under 
reduced pressure to approximately 0.25 mL and examined using th in-  
layer chromatographic and radiochemical techniques for the pre- 
sence of [14C]containing compounds. 

Aqueous acidic aceton i t r i le ,  in conjunction with the extended 
extraction procedure, was used to recover the radioactive residues 
from the soi ls ,  since this method has proved most sat isfactory for 
several aged residues of herbicides, including chlorsulfuron, from 
Saskatchewan f ie ld  soi ls (Smith 1978, 1981; Smith and Hsiao 1985). 

Precoated TLC plates (Si l ica Gel 60F-254, obtained from E. Merck, 
Darmstadt, Germany) were developed to a height of I0 cm above the 
or ig in and the air-dr ied chromatograms examined for radioactive 
compounds using a th in- layer  chromatogram scanner. Non-radio- 
active standards run for comparative purposes were detected by 
viewing the developed chromatograms under a short-wave u l t rav io le t  
lamp. By comparing peak areas from the radio-chromatogram scans, 
and knowing the amounts of rad ioact iv i ty  extracted from each so i l ,  
the various radioactive products present were quanti f ied. The Rf 
values of the compounds studied in three solvent systems are shown 
in Table i .  

Table 1. Rf values of compounds studied. 

Rf 

Compound I I I  I I I  

Chlorsulfuron 
2-Chlorobenzenesulfonamide 
Metsulfuron methyl 
2-Carboxymethylbenzenesulfonamide 

0.74 0.45 0.41 
0.95 0.68 0.67 
0.29 0.37 0.31 
0.95 0.66 0.62 

I Aceton i t r i le ;  I I  Ethyl acetate:toluene:glacial acetic acid (50: 
50:1); I I I  Acetone:hexane ( I : I ) .  

The rad ioact iv i ty  in the various solutions was measured by adding 
aliquots to sc i n t i l l a t i on  solution (15 mL) consisting of an equi- 
volume mixture of toluene and 2-methoxymethanol containing 0.4% of 
PPO and 0.1% of POPOP. Samples were counted using a l iqu id sc in t i -  
l l a t ion  spectrometer, with counting efficiences being determined 
using an external [226Ra]standard. 

RESULTS AND DISCUSSION 

Extraction of [14C]chlorsulfuron- and [14C]metsulfuron methyl- 
treated soi ls after I h and after 7 days of incubation, followed 
by th in- layer  and radiochemical analysis (Tables 2 and 3), con- 
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f irmed that  in both cases [14C] was being q u a n t i t a t i v e l y  recovered 
from the var ious s o i l s ,  and that  the parent herb ic ides were the 
main [14C]compounds present.  I t  was also noted that  the va r ia t i on  
between each dup l ica te  analys is  never exceeded 5%. 

Table 2. Rad ioac t i v i t y  recovered from so i l s  t reated wi th  0.47 
ug/g [14C]metsulfuron methyl fo l l ow ing  incubat ion at 20~ and 85% 
FC. 

% of  appl ied [14C] ext racted as 

Sandy loam Clay loam 

Solvent Solvent 
Time ext .  M M CMBS ext .  M M CMBS 

I h i00 I00 <I 98 98 <I 
7 d i00 98 2 95 86 9 

14 d 95 95 <i 88 84 4 
28 d 83 82 I 88 70 18 
56 d 69 66 3 80 56 24 
84 d 60 58 2 77 45 32 

M M Metsulfuron methyl; CMBS 2-Carboxymethylbenzenesulfonamide. 
Average from two rep l i ca tes ,  v a r i a t i o n  less than 5%. 

Table 3. Rad ioac t i v i t y  recovered from clay t reated wi th  0.47 ug/g 
[14C]ch lorsu l fu ron  and [14C]metsulfuron methyl fo l l ow ing  incuba- 
t i on  at 20~ and 85% of FC. 

% of  appl ied [14C] ext racted as 

Chlorsu l furon Metsulfuron methyl 

Solvent Solvent 
Time ext .  CS CBS ext .  M M CMBS 

1 h 100 100 <1 100 100 <1 
7 d 100 100 <1 100 100 <1 

14 d 97 97 <1 95 95 <I 
28 d 98 92 6 92 90 2 
49 d 93 83 I0 84 83 i 
70 d 92 76 16 78 76 2 
98 d 86 67 19 72 69 3 

CS Ch lo rsu l fu ron ;  CBS 2-Chlorobenzenesulfonamide; M M Metsul furon 
methyl;  CMBS 2-Carboxymethylbenzenesulfonamide. 
Average from two rep l i ca tes ,  va r i a t i on  less than 5%. 

There was a steady loss of  [14C]metsulfuron methyl wi th  time in 
a l l  so i l s  (Tables 2 and 3) ,  and t h i s  loss appeared to c lose ly  
fo l l ow  f i r s t - o r d e r  k i n e t i c s ,  wi th the logar i thm (base 10) of the 
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percentage herbicide remaining being proport ional to incubation 
t ime. By using regression analysis on the data from Tables 2 and 
3, the h a l f - l i f e  values for metsulfuron methyl in the clay loam, 
sandy loam and clay were 70, 102 and 178 days, respect ive ly  (Table 
4). In addit ion to the parent herbic ide, there was a second 
rad ioac t ive ly  labeled compound present in al l  so i l s .  This secon- 
dary compound had chromatographic propert ies ident ica l  to those 
for  2-carboxymethylbenzenesulfonamide (cf Table I ) .  This sulfon- 
amide has been noted (Fisher 1984, personal communication) as a 
so i l  transformation product of metsulfuron methyl. 

Table 4. Equations and h a l f - l i f e  values for the degradation of 
chlorsulfuron and metsulfuron methyl in p ra i r ie  so i l s .  

Loglo(% herbicide) T1/2 
Herbicide Soil at T days RMS days 

Chlorsulfuron Clay 2.0097 - O.O018T 0.99 168 

Clay 2.0036 - O.O017T 0.99 178 
Metsulfuron methyl Sandy loam 2.0062 - O.O030T 0.99 102 

Clay l oam 1.9759 - O.O040T 0.98 70 

RMS Regression mean square. T1/2 H a l f - l i f e  . 

Amounts of the carboxymethylsulfonamide present in the soi l  varied 
according to type, but never accounted for more than 3% of the 
applied rad ioac t i v i t y  in the clay and sandy loam (Tables 2 and 3). 
In contrast ,  in the clay loam where the breakdown was more pro- 
nounced, 32% of the i n i t i a l  metsulfuron methyl was in the form of 
the sulfonamide a f te r  84 days (Table 2). No trace of any other 
compound was observed in any of the soi l  ex t rac ts .  Furthermore at 
a l l  sampling times and with al l  s o i l s ,  more than 95% of the sol-  
vent extractable r ad ioac t i v i t y  was par t i t ioned into the dichloro-  
methane so that  neg l ig ib le  amounts of [14C]products remained in 
the aqueous phase. 

The results of the soi l  persistence studies with metsulfuron me- 
thyl  (Tables 2, 3 and 4) indicate a tendency for  the h a l f - l i f e  to 
increase with increasing soi l  pH as has been reported for chlor- 
sulfuron (Thirunarayanan et a l .  1985). Thus, the h a l f - l i f e  of 
metsulfuron methyl in the clay (pH 7.5) is more than twice that in 
the clay loam (pH 5.2).  

[14C]Chlorsulfuron, l i ke  metsulfuron methyl, was degraded in the 
clay by an apparant f i r s t - o r d e r  mechanism (Tables 3 and 4). The 
h a l f - l i f e  of 168 days for  chlorsulfuron was s im i la r  to that for 
metsulfuron methyl in the clay (Table 4). The known soi l  degrada- 
t ion product 2-chlorobenzenesulfonamide (Smith and Hsiao 1985) was 
also recovered from the clay treated with [14C]chlorsul furon, and 
accounted for  approximately 20% of the applied r a d i o a c t i v i t y  a f ter  
98 days (Table 3). Only 3% of the applied [14C]metsulfuron methyl 
was in the form of the carboxymethylsulfonamide a f te r  the same 
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period (Table 3); hence, i t  can be assumed that the chlorobenzene- 
sulfonamide is more stable in the clay than is the carboxy-methyl 
analogue. 

The h a l f - l i f e  for chlorsulfuron in the clay was considerably 
greater than that of approximately 30 days reported (Walker and 
Brown 1983) for a moist sandy loam, with a pH of 7.1, at 20~ 
However, resul ts of other studies conducted in four so i ls  under 
laboratory condit ions at 75% of f i e ld  capacity and at 20~ ind i -  
cated (Thirunarayanan et a l .  1985) that the rate of chlorsul furon 
breakdown was dependent upon soi l  pH. H a l f - l i f e  values for chlor-  
sulfuron were 89, 105, 137 and 143 days, in so i ls  wi th pH values 
of 6.2, 7.1, 7.7 and 8.1, respect ively (Thirunarayanan et a l .  
1985). These data indicate (Thirunarayanan et a l .  1985) that at 
s imi la r  temperature and moisture condi t ions,  the persistence of 
chlorsul furon at soi l  pH 7.1 was almost three times greater in a 
clay loam than in a sandy loam (Walker and Brown 1983). In the 
present study, the h a l f - l i f e  for  chlorsulfuron (Table 4) in the 
clay (pH 7.5) was s imi lar  to the values noted by Thirunarayanan et 
a l .  (1985). 

Since both chlorsulfuron and metsulfuron methyl have pKa values of 
about 3.7, they would be expected to ex is t  as the highly water so- 
luble dissociated species in most soi l  so lut ions.  For th i s  rea- 
son, adsorption of chlorsulfuron is pH dependent, and therefore 
very low on alkal ine so i l s ,  but increases s l i g h t l y  as the soi l  pH 
increases (Mersie and Foy 1985; Thirunarayanan et a l .  1985). 
These propert ies could also resul t  in the greater leaching of 
chlorsul furon and metsulfuron methyl in a lkal ine so i l s .  

In the present experiments, as with those of other researchers 
(Thirunarayanan et a l .  1985; Walker and Brown 1983), the labor- 
atory persistence was evaluated in containers where leaching was 
res t r i c ted .  For th i s  reason the persistence of chlorsul furon 
measured in the top I0 cm soi l  depths of small f i e l d  plots in 
Saskatchewan I year a f ter  treatment may not give a true ind ica t ion  
of the overal l  f i e ld  persistence (Smith and Hsiao 1985). Both 
chlorsul furon and the closely related herbicide sulfometuron 
methyl can undergo extensive leaching under f i e l d  condit ions 
(Nilsson 1984; Anderson and Dulka 1985). Thus in the f i e l d  study 
(Smith and Hsiao 1985), where a carry-over of between 3 and 16% 
was noted in clay and sandy loam plots I year a f te r  treatment, 
leaching from the top soil  could have occurred. 
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