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nitrite in the studies reported here was apparently small. 
If a large percentage of the nitrate supplement would 
have been reduced to nitrite, a greater increase in the 
concentration of DA-sulmet in the blood would be 
expected. For example, in previous studies approxi- 
mately 71% of the 14C activity in the blood was present 
as ['4C]-DA-sulmet 24 h after swine were fed 1.5 kg of 
feed containing 110 ppm of ['4C]sulmet and 1000 ppm 
of nitrite (Paulson and Feil, 1987). Six hours after rats 
were fed a meal containing 100 ppm [14C]sulmet and 0, 
10, 100, or 1000 ppm of nitrite, the percentages of 14C 

activity in the blood that was present as [14C]-DA-sul- 
met were 0.6, 1.2, 5.1, and 32.6, respectively (Paulson, 
1986). 

The studies reported here also demonstrated that the 
concentrations of sulmet and N4-Ac-sulmet in the blood 
were not altered by even the highest level of nitrate sup- 
plementation. This supports the conclusion that only a 
small proportion of the nitrate supplement was reduced 
to nitrite. When swine were given a 1.5-kg meal contain- 
ing 110 ppm of [14C]sulmet and 1000 ppm nitrite, the 
concentrations of both sulmet and N4-Ac-sulmet in blood 
were dramatically lowered (Paulson and Feil, 1987). 

These observations are important as they relate to the 
effectiveness of sulmet used as an antibiotic in animal 
production. The highest level of nitrate supplementa- 
tion (1000 ppm) tested in these studies is in excess of 
the levels of nitrate normally present in commercial swine 
diets (Wright and Davison, 1964). Thus, it is unlikely 
that the nitrate usually present in swine diets signifi- 
cantly alters the effectiveness of sulmet when used as an 
antibiotic and growth-promoting agent in commercial swine 
production. 

Registry No. NO,-, 14797-55-8; NO,-, 14797-65-0; sulfame- 
thazine, 57-68-1; deaminosulfamethazine, 6149-31-1; N4- 
acetylsulfamethazine, 100-90-3. 
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Mobility of Two Sulfonylurea Herbicides in Soil 

Hugh J. Beckie and Robert B. McKercher' 

Department of Soil Science, University of Saskatchewan, Saskatoon, Canada S7N OW0 

Intact  field soil cores were used t o  compare the mobility of DPX-A7881 [2-[ [ [ [ [4-ethoxy-6-(meth- 
ylamino)-1,3,btriazin-2-yl]amino]carbonyl]amino]sulfonyl] benzoate], a new sulfonylurea herbicide, and 
chlorsulfuron [2-chloro-N-[ [ (4-methoxy-6-methyl-1,3,5-triazin-2-yl)amino]carbonyl] benzenesulfon- 
amide] in four soils. DPX-A7881 was generally less mobile than chlorsulfuron in soil. This was explained 
on the basis of the reduced water solubility of DPX-A7881 relative to chlorsulfuron (1.7 and 300 ppm, 
respectively, a t  pH 5.0). Enhanced mobility of both herbicides in soil was related to higher soil pH 
and low organic matter content. 

DPX-A7881, a new sulfonylurea herbicide, is cur- 
rently being evaluated for selective broadleaf postemer- 
gence weed control in non-triazine tolerant canola, such 
as Brassica campestris L. Tobin and Brassica n a p u s  L. 

Westar, for which no herbicide is presently registered in 
Canada. 

The movement of a herbicide through the soil profile 
has important implications with respect to its efficacy in 
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controlling weeds and crop injury (Mersie and Foy, 1986), 
as well as its potential for environmental pollution. If 
surface-applied, a slight downward movement is desir- 
able as it brings the herbicide into the soil zone of ger- 
minating weed seeds; further movement, however, can 
result in loss of weed control efficacy and damage to deeper 
rooted crops (Bailey and White, 1970). Leaching of her- 
bicides through soil is an environmental concern because 
of the potential for reaching the water table and contam- 
inating the groundwater (Hamaker, 1975). 

The factors identified as affecting movement of organic 
chemicals through the soil profile are adsorption to soil 
colloids and water solubility of the herbicide (Upchurch 
and Pierce, 1957), in addition to water amount and flow 
rate and physical properties of the soil (Hartley, 1960). 
Thus, pesticide mobility in soils is influenced by both 
soil and pesticide factors (Bailey and White, 1970; Hell- 
ing, 1970). 

The soil properties implicated in the enhanced adsorp- 
tion of chlorsulfuron and sulfometuron methyl [methyl 
2-[ [ [ [ (4,6-dimethylpyrimidin-2-yl)amino]carbonyl]ami- 
no]sulfonyl] benzoate] include greater organic matter con- 
tent (Harvey et al., 1985; Mersie and Foy, 1986) and acidic 
soil pH conditions (Harvey et al., 1985; Mersie and Foy, 
1985, 1986; Nicholls and Evans, 1985; Thirunarayanan 
et al., 1985; Shea, 1986; Wehtje et al., 1987). The greater 
degree of adsorption in low-pH soils has been attributed 
to binding of the undissociated molecular species and the 
decreased water solubility of the sulfonylurea herbi- 
cides. 

The mobility of chlorsulfuron (Fredrickson and Shea, 
1986; Mersie and Foy, 1986; Anderson and Humburg, 1987) 
and sulfometuron methyl (Harvey et al., 1985; Wehtje et 
al., 1987) was found to be enhanced at higher soil pH 
and/or relatively lower organic matter content, reflect- 
ing the influence of these soil properties on herbicide 
adsorption. The purpose of this study was to determine 
the mobility of DPX-A7881 relative to chlorsulfuron in 
four soils using intact field soil cores. 
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Table I. Physical and Chemical Characteristics of the Soil 
Profiles 

MATERIALS AND METHODS 

Soils. The four soils were chosen to provide a range of organic 
matter, clay content, and soil pH. The physical and chemical 
characteristics of the soil profile of each of the soils are given 
in Table I. The Asquith sandy loam, Bradwell sandy loam, and 
Sutherland clay soils are classified as Typic Haploborolls; the 
Meota sandy loam is an Udic Haploboroll. 

Soil Column Preparation. The leaching columns, con- 
structed from poly(viny1 chloride) (PVC) pipe (40-cm length, 
with an inside diameter of 10 cm), were pushed into the soil 
profile a t  each of the four sampling sites to obtain intact field 
soil cores. Since the moisture throughout the soil columns was 
close to field capacity, for each site, preleaching with water to 
bring the soil moisture of each core up to field capacity was 
omitted. The soil cores were covered with cheesecloth at  the 
base and positioned on wire mesh screens. 

Herbicide Application. A 10.0 ppm (grams of active ingre- 
dient (AI) /volume water) stock suspension of DPX-A7881 or 
chlorsulfuron was prepared; the herbicide suspension was applied 
uniformly to the soil surface by pipet, a t  a rate of 0 or 30 g of 
AI ha-’ (surface area basis); a 0- or 2.4-mL aliquot of the sus- 
pension was brought up to 5 mL with distilled water and uni- 
formly distributed over the soil surface. The herbicide was 
allowed to equilibrate with the soil for a period of 24 h, with 
the tubes covered with polyethylene bags to prevent water evap- 
oration from the soil surface. 

Water Application. Following the equilibration period, fil- 
ter paper disks were placed on top of each core, underlain with 
an approximately 1-cm-thick layer of glass wool, to avoid pud- 
dling and to assist in uniform dispersion of the water through- 
out the soil core surface area. With use of the Technicon autoan- 

profile 
depth, fc,” H,O,b om$ 

soil cm horizon texture % % pH’ % 

Asquith‘ 

Bradwellf 

Meotag 

Sutherlandh 

4 
8 

12 
16 
20 
24 
28 
32 
36 
4 
8 

12 
16 
20 
24 
28 
32 
36 
4 
8 

12 
16 
20 
24 
28 
32 
36 
4 
8 

12 
16 
20 
24 
28 
32 
36 

AP 

18-BS 

AP 

13-BS 

AP 

15-BS 

AP 

13-BS 

29-C 

SL 16.4 14.6 7.0 2.1 
SL 16.0 16.3 6.7 2.0 
SL 15.3 17.0 6.6 1.8 
SL 13.8 15.8 7.0 1.6 
SL 12.8 12.3 6.7 1.4 
SL 12.7 14.5 6.9 1.3 
SL 11.3 14.5 7.0 1.0 
LS 10.9 10.0 7.0 0.8 
LS 10.6 10.1 7.0 0.8 
SL 15.3 17.1 5.5 2.9 
SL 15.2 17.4 5.5 2.2 
SL 15.2 15.1 5.6 2.1 
SL 15.3 15.0 5.5 1.9 
SL 15.1 17.9 5.5 1.7 
SL 15.1 17.9 5.5 1.7 
SL 14.9 17.6 5.5 1.7 
SL 15.0 17.3 5.9 1.3 
SL 15.0 16.4 5.9 1.0 
SL 19.4 16.1 6.9 5.1 
SL 19.0 18.6 6.7 4.4 
SL 18.1 19.4 6.8 4.2 
SL 16.2 16.1 6.9 2.7 
SL 15.1 12.6 6.9 2.2 
SL 14.9 12.2 7.0 2.0 
SL 13.1 12.1 7.0 1.8 
SL 13.8 11.8 6.8 1.7 
SL 13.6 11.8 7.3 1.7 
C 37.4 29.9 7.0 4.7 
C 38.1 36.5 7.1 4.5 
C 37.2 38.4 7.1 4.2 
C 36.2 37.2 7.5 2.9 
C 37.4 34.2 7.6 2.7 
C 36.9 33.1 7.6 2.7 
C 38.2 39.8 7.4 2.2 
HC 39.0 36.6 7.6 
HC 38.9 39.4 7.3 

Field capacity (w/w) (0.03 MPa). * Soil moisture content (w/ 
w) prior to leaching. Measured in 1:l soil-deionized water sus- 
pension. Walkley-Black colorimetric determination. e Key: % 
sand, 53.7; % silt, 27.8; % clay, 18.5 for top 15 cm of soil. /Key: % 
sand, 61.8 % silt, 24.6; % clay, 13.6 for top 15 cm of soil. ‘JKey: 
% sand, 71.5; % silt, 15.8; % clay, 12.6 for top 15 cm of soil. * Key: 
% sand, 6.2; % silt, 34.1; % clay, 59.7 for top 15 cm of soil. 

alyzer proportioning pump, water was allowed to drip on the 
top of each core at  a rate of 1 cm h-l. The tubes were rotated 
periodically at  regular time intervals to improve the uniformity 
of the water application to the soil core surface. The water 
applied during the leaching process was either 3.3, 6.7, or 10 
cm. To ascertain the influence of a nonionic surfactant, Agral 
90 [ (nonylphenoxy)polyethoxyethanol], on the mobility of DPX- 
A7881 in Asquith soil, the surfactant was added to the herbi- 
cide suspension, at  a rate of 0.5% (v/v), and later leached with 
6.7 cm of water. 

The soil cores were allowed to drain for 24 h (48 h for Suther- 
land clay) after water addition was complete. The tubes were 
kept covered with polyethylene bags at  both ends to prevent 
water evaporation. The soil cores were then sectioned into 4- 
cm portions, and the moisture content was measured gravimet- 
rically to determine the soil moisture content throughout the 
core volume and the position of the wetting front. After the 
soils were air-dried, they were crushed to pass through a 2-mm 
sieve. Bioassays were then conducted for each soil core sec- 
tion. Four soil cores were replicated per treatment, and the 
experiment was repeated. 

Bioassays. A lentil (Lens culinaris L. Laird) radicle bioas- 
say was developed for the determination of phytotoxic residue 
levels of DPX-A7881 in soil, with a detection limit of 1 ppbw 
(Beckie and McKercher, 1989), while a corn (Zea mays L. F1 
hybrid-Funks G4646) radicle bioassay (Rother, 1987) was used 
for the estimation of residue levels of chlorsulfuron in the treated 



312 J. Agric. FoodChem., Vd.  38, No. 1, 1990 Beckie and McKercher 

DPX- A7881 33cm 1 Chlorsulfuron - 33cm 
6.7 cm 6.7 cm - 

3 3 n 
n 

n 
n 20 
n n 

z 15 z 

LSD .05 10 cm LSD .os 10cm - - 
10 

0 0 
2 t a 

I- F I O  

z z s  
W W 
V V z E 5  
V s 

0 0 
0 - 4  4 - 8  8-12 12-16 16-20 20-24 24-28 28-32 32-36 

SOIL DEPTH (cm) SOIL DEPTH (cm) 
Figure 1. Effect of amount of applied water on the depth of movement of DPX-A7881 and chlorsulfuron in Asquith soil. Columns 
with the same letters, for each soil core section, are not significantly different at the 5% level according to the protected LSD (Fish- 
er's) test using lentil radicle length as the test parameter (absent letters indicate a nonsignificant F value). 

soils, with a similar detection limit. The lentil bioassay for DPX- 
A7881 gave improved precision over the corn bioassay but was 
sensitive to a narrower range of chlorsulfuron concentrations 
in soil than the corn bioassay. 

The soil from each core section was placed in a polyethylene 
bag and the soil moisture brought up to 40% of field capacity 
with distilled water; the contents were mixed and then left to 
equilibrate for 24 h. The soil moisture was then rasied to 80% 
of field capacity, and the contents were transferred to a 9 X 9 
X 9 cm plastic horticultural pot lined with parafilm. For the 
DPX-A7881 treatments, three pregerminated lentil seeds were 
planted into the soil in each pot; after 4.5 days (sandy loam 
soils) or 5 days (clay soil), the plants were removed from the 
soil and the radicle lengths measured. 

Due to differences in physical and chemical properties through- 
out the soil profile, standard curves were constructed for each 
soil and each herbicide at every 12-cm soil depth increment; 
this increment was chosen due to the general similarity of response 
of radicle length in the untreated soils, as determined by the 
bioassay. For DPX-A7881, radicle length inhibition was regreased 
on herbicide concentration in soil in the construction of the 
standard curves, yielding highly significant coefficients of deter- 
mination (It2),  ranging from 0.96 to 1.00 for the four soils. 

RESULTS AND DISCUSSION 

The effect of the quantity of water used for leaching 
DPX-A7881 in Asquith soil, assessed by the lentil bioas- 
say, is depicted in Figure 1. The herbicide was leached 
to a depth of 12, 28, and 32 cm following a water appli- 
cation of 3.3, 6.7, and 10 cm, respectively. The greater 
depth of herbicide movement with an increase in the 
amount of water applied is similar to that found by oth- 
ers. The depth of movement coincided closely to the posi- 
tion of the wetting front (16,32, and 36 cm). The appli- 
cation of DPX-A7881 plus Agral90 adjuvant did not influ- 
ence the depth of movement of the herbicide (Figure 2). 
Thus, any change in the lipophilicity of the herbicide 
formulation, on influencing the sorption-desorption bal- 
ance of DPX-A7881 molecules to soil colloids, was not 
evident. 

Examination of Figure 1 reveals that chlorsulfuron was 
detected at  12-, 28-, and 36-cm depths following the three 
water applications. This coincides closely with the posi- 
tion of the wetting front. Therefore, the mobilities of 
DPX-A7881 and chlorsulfuron in Asquith soil were very 
similar. The close relation between the position of the 
wetting front and depth of herbicide movement suggests 
a high leaching potential in coarse textured soils, of neu- 
tral pH, with organic matter contents of 2% or less in 
the A and B horizons. Applications of 6.7 and 10 cm of 
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Figure 2. Influence of a surfactant Agral 90 on the depth of 
movement of DPX-A7881 in Asquith soil. 

water resulted in a more even distribution of chlorsulfu- 
ron throughout the soil profile compared to DPX- 
A7881, although the distributions of both herbicides were 
skewed toward the upper area of the soil profile. 

When movement of the herbicides was examined in 
Bradwell soil (Figure 3), the depth of leaching observed 
was less than in the Asquith soil, except for chlorsulfu- 
ron at  the low water application. DPX-A7881 was leached 
to a depth of 8 and 12 cm when 3.3 and 6.7 cm of water, 
respectively, was applied; chlorsulfuron, however, was 
leached to greater soil column depths of 12 and 16 cm. 
The position of the wetting front for the two water appli- 
cations was similar to Asquith soil. Since the soil adsorp- 
tion and water solubilities of the sulfonylureas are pH- 
dependent, with enhanced adsorption and reduced solu- 
bilities at low pH, the reduction in the mobility of the 
two herbicides is a probable reflection of this. The two 
soils have been noted to have similar textures and organic 
matter contents, thus precluding these properties as fac- 
tors differentiating relative herbicide movement between 
the two soils. 

The depth of leaching of DPX-A7881 and chlorsulfu- 
ron in Meota soil (Figure 4) indicates a similar extent of 
movement compared to Bradwell soil. The wetting front 
of the leachate water in the soil columns was at  16- and 
32-cm depth for the two water application rates. The 
similarity in depth of movement of both herbicides, com- 
pared to the results for the Bradwell soil, as well as the 
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Figure 3. Effect of amount of applied water on the depth of movement of DPX-A7881 and chlorsulfuron in Bradwell soil. 
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Figure 5. Effect of amount of applied water on the depth of movement of DPX-A7881 and chlorsulfuron in Sutherland soil. 

marked reduction in mobility relative to that noted for 
the Asquith soil, points to the role of organic matter con- 
tent in restricting the movement of these herbicides. DPX- 
A7881 exhibits greater binding to organic matter in soil 
than many other sulfonylureas (Hutchison et al., 1987). 

Thus, although the pH range of the Meota soil was near 
7.0, similar to the Asquith soil, the expected comparable 
mobilities of both herbicides, on the basis of pH, was 
not realized since organic matter restricted herbicide move- 
ment in the Meota soil. 
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Table 11. Herbicide Concentrations in the Soil Profiles 
soil concentration," ppbw 

profile 3.3 cm H,O 6.7 cm H,O 
soil depth, cm DPX-A7881 chlorosulfuron DPX-A7881 chlorosulfuron 

Bradwell 

Meota 

Sutherland 

Asquith 4 22 [bl 1 2 + b  21 (a) [bl 8 (b) 
8 9 (a) [cl 7 (b) [a1 18 (a) [a1 5 (b) [ab1 

1 2  4 [a1 4 [a1 13 (a) [a1 6 (b) 
16 4 [bl 4 [bl 
20 4 5 [a1 
24 3 (b) 6 (a) [a1 
28 1 (b) 3 (a) 
4 26 [a1 12+ 25 (a1 12+ 
8 22 (a) [a1 4 (b) [bl 10 (a) [cl 6 (b) [a1 

12 4 [a1 5 [cl 5 
16 2 [cl 
4 18 [CI 14+ 2 1  [bl 14+ 
8 10 (a) [bcl 6 (b) [a1 18 (a) [a1 4 (b) [a1 

12 2 [bl 13 (a) [a1 7 (b) 
16 3 [bel 
20 1 [ C I  
4 16 [cl 10+ 17 [cl 10+ 
8 11 (a) [bl 4 (b) [bl 14 (a) [bl 6 (b) [a1 

1 2  2 [bl 3 [ab1 10 (a) Ibl 5 (b) 
16 2 6 [a1 6 [a1 
20 4 3 [bl 
24 3 [bl 

a Means followed by the same letters are not significantly different ( P  = 0.05) according to the LSD (protected) test. Letter(s) in paren- 
theses denotes comparison of the two herbicide concentrations within the soil layer for the specified water application; letter(s) in brackets 
refers to comDarison of concentrations of each herbicide between similar layers of the four soils. + denotes upper concentration sensitiv- 
ity limits of {he bioassays. 

When DPX-A7881 and chlorsulfuron were leached in 
Sutherland soil columns (Figure 5), slightly greater move- 
ment was found compared to the Meota soil, which is 
similar in organic matter and soil pH; chlorsulfuron was 
leached to greater column depths relative to DPX- 
A7881. The leaching behavior of both herbicides in the 
Sutherland clay indicates low adsorption to the clay col- 
loids, due to charge repulsion, which has been noted for 
chlorsulfuron by other workers. Therefore, the mobility 
of DPX-A7881 in soil would not be expected to be directly 
influenced by the clay content. 

The herbicide concentrations are listed in Table 11, with 
mean comparisons indicated between herbicides within 
each soil layer and also between soil types within each 
layer for both herbicides. Generally, the results indicate 
that although DPX-A7881 leaches less readily than chlor- 
sulfuron, both herbicides remain concentrated in the upper 
layers of all four soils. This was less evident, however, 
when chlorsulfuron was leached with 6.7 cm of water in 
Asquith soil, a soil with a relatively high leaching poten- 
tial. This general pattern is a reflection of the water appli- 
cation rate, which more realistically represents the aver- 
age rate of water infiltration into field soils and favors 
the establishment of adsorption equilibria between the 
herbicide and the soil colloids, rather than higher rates 
frequently used in past soil column studies. 

DPX-A7881 is less mobile in the soil than chlorsulfu- 
ron. This implies that DPX-A7881 is adsorbed to a greater 
extent to the soil colloids (principally organic matter) than 
is chlorsulfuron. The close similarity in molecular struc- 
ture and polarity of the two chemical compounds, as well 
as their pK, values, would suggest that other factorb) 
are involved in their differential mobility in soil. The 
most obvious reason for these observed results is their 
relative solubility in water. DPX-A7881 is much less water 
soluble than is chlorsulfuron; for example, at  pH 5.0, DPX- 
A7881 has a water solubility of 1.7 ppm, whereas the sol- 
ubility of chlorsulfuron in water is 300 ppm. Since adsorp- 
tion and leaching are often related to water solubility 
within a given herbicide class (Ward and Upchurch, 1965; 

Bailey et al., 1968; Gray and Weirich, 1968), this may 
explain the reduced leachability of DPX-A7881 in soil. 
Although soil factors affect the movement of DPX- 
A7881 in soil, the amount of water infiltrating into the 
soil with time can greatly influence its movement through 
the soil profile. 
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Residues of Fluridone and a Potential Photoproduct 
(N-Methylformamide) in Water and Hydrosoil Treated with the Aquatic 
Herbicide Sonar 

Sheldon D. West,*?+ Kenneth A. Langeland,j and Francois B. Larochej 

Department of Agricultural Analytical Chemistry, Lilly Research Laboratories, Eli Lilly and Company, 
Greenfield, Indiana 46140, and Institute of Food and Agricultural Sciences, Center for Aquatic Plants, 

University of Florida, Gainesville, Florida 32606 

Fluridone is the active ingredient in the aquatic herbicide Sonar. Two ponds in Florida were treated 
with Sonar AS (an aqueous suspension formulation) and Sonar SRP (a slow-release clay pellet for- 
mulation). Both ponds were treated at  the maximum acceptable residue level for fluridone in pota- 
ble water, 0.15 ppm. The dissipation of fluridone and the potential formation of N-methylformamide 
(NMF) as a photolysis product of fluridone were monitored. The fluridone concentration decreased 
to a nondetectable level (less than 0.001 ppm) in the water of both ponds 324 days after treatment 
(DAT). NMF was not detected in any of the 192 water samples that were collected on any of the 
sampling dates at a detection limit of 0.002 ppm. Hydrosoil samples collected at  324 DAT in both 
ponds contained fluridone residues equivalent to 2.9-3.6% of the amount applied to the pond, but no 
NMF was detected in the hydrosoil a t  a detection limit of 0.005 ppm. 

Fluridone, l-methyl-3-phenyl-5-[3-(trifluoromethyl)- 
phenyl]-4(1H)-pyridinone (I), is the active ingredient in 
the aquatic herbicide Sonar. The biological, chemical, 
and physical properties of fluridone have been reviewed 
(West, 1984), and the bioconcentration and field dissipa- 
tion of the herbicide in aquatic environments have been 
summarized (West et al., 1983). 

A laboratory aqueous photolysis study indicated that 
N-methylformamide (NMF, 11) is one of several low molec- 
ular weight photoproducts of fluridone in the absence of 
aquatic substrates other than water (Saunders and Mosier, 
1983). However, NMF was not observed in studies con- 

+ Eli Lilly and Co. 
University of Florida. 

0021-8561 /90/1438-0315$02.50/0 

I I1  

ducted outdoors in artificial ponds with radiolabeled flu- 
ridone under natural environmental conditions (Berard 
and Rainey, 1981). Studies conducted with Sonar AS 
(an aqueous suspension formulation containing fluri- 
done) in two ponds in Florida have also demonstrated 
that NMF was not a degradation product, even at  fluri- 
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