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soil extracts, it is not clear whether oxidation will also OCCUI 
in the soil. In any case, arsenite will not be found in soil 
samples as long as ammoniacal solutions are used for soil 
extraction. Therefore, there is no need to clean up soil 
extracts on TLC to separate CA from arsenite. 
ACKNOWLEDGMENT 

We thank Dr. Robert Pyles for making the iodo deriv- 
atives, William Lusby for the mass spectrometric analysis, 
and the Ansul Co. for supplying the MAA and CA for the 
field studies. 
LITERATURE CITED 
Anderson, M. A., University of Wisconsin-Madison, personal 

communication, 1978. 
Braman, R. S.; Foreback, C. C. Science (Washington, D.C.) 1973, 
182, 1247. 

Braman, R. S.; Johnson, D. L.; Foreback, C. C.; Ammons, J. M.; 
Bricker, J. L. Anal. Chem. 1977, 49, 621. 

Brinckman, F. E.; Blair, W. R.; Jewett, K. L.; Iverson, W. P. J .  
Chromatogr. Sei. 1977, 15, 493. 

Cheng, C. N.; Focht, D. D. Appl. Environ. Microbiol. 1979, 38, 
494. 

Chu, R. C.; Barron, G. P.; Baumgarner, P. A. W. Anal. Chem. 1972, 
44, 1476. 

Cox, D. P. In “Arsenical Pesticides”; Woolson, E. A,, Ed.; American 
Chemical Society: Washington, DC, 1975; ACS Symp. Ser. No. 
7, p 81. 

Doyle, R. C.; Kaufman, D. D.; Burt, G. W. J .  Agric. Food Chem. 
1978, 26, 987. 

Fitchett, A. W.; Daughtrey, E. H., Jr.; Mushak, P. Anal. Chim. 
Acta 1975, 79, 93. 

Hiltbold, A. E. In “Arsenical Pesticides”; American Chemical 
Society: Washington, DC, 1975; ACS Symp. Ser. No. 7, p 53. 

Iadevaia, R.; Aharonson, N.; Woolson, E. A. J .  Assoc. Off. Anal. 
Chem. 1980,63, 742. 

Irgolic, K. J.; Zingaro, R. A,; Edmonson, L. J. Phosphorus Relat. 
Group V Elem. 1975,5, 183. 

Shaikh, A. U.; Tallman, D. E. Anal. Chem. 1977,49, 1093. 
Soderquist, C. J.; Crosby, D. G.; Bowers, J. B. Anal. Chem. 1974, 

Talmi, Y.; Bostick, D. T. Anal. Chem. 1975, 47, 2145. 
Walsh, L. M.; Keeney, D. R. In “Arsenical Pesticides”; Woolson, 

E. A., Ed.; American Chemical Society: Washington, DC, 1975; 
ACS Symp. Ser. No. 7, pp 35-52. 

Woolson, E. A. EHP, Environ. Health Perspect. 1977a, 19, 73. 
Woolson, E. A. Weed Sci. 1977b, 25, 412. 
Woolson, E. A.; Aharonson, N. J. Assoc. Off. Anal. Chem. 1980, 

Woolson, E. A.; Axley, J. H.; Kearney, P. C. Soil Sei. SOC. Am. 

Woolson, E. A.; Kearney, P. C. Enuiron. Sci. Technol. 1973, 7, 

Yamamoto, M. Soil Sei. Soc. Am. Proc. 1975, 39, 859. 

46, 155. 

63, 523. 

Proc. 1971, 35, 938. 

47. 

Received for review June 26, 1981. Accepted January 18,1982. 
Mention of proprietary products does not imply endorsement or 
approval by the U.S. Department of Agriculture to the exclusion 
of other suitable products. 

Ionization and Adsorption-Desorption of Tricyclazole by Soil Organic Matter, 
Montmorillonite Clay, and Cape Fear Sandy Loam Soil 

Jerome B. Weber 

Aqueous solutions of tricyclazole (5-methyl-1,2,4-trizolo[3,4-b] benzothiazole) were spectrophotometrically 
titrated to obtain a pK, of 1.6. The fungicide was adsorbed by Ca-montmorillonite and Cape Fear sandy 
loam in substantially greater amounts than prometryn [2,4-bis(isopropylamino)-6-(methylthio)-s-triazineJ 
and in lesser amounts than prometryn by Ca-organic matter from deionized water. Adsorption isotherms 
for tricyclazole by the adsorbents were of the S type, C type, and L type, respectively. In 0.01 M buffer 
solutions at pH 6.0,4.0, and 2.0, tricyclazole was adsorbed in substantially greater amounts than prometryn 
by all adsorbents. Adsorption increased greatly as pH decreased. Water effectively desorbed from 17 
to 44% of bound tricyclazole from Ca-organic matter and Cape Fear soil but removed only 1 4 %  from 
Ca-montmorillonite. Desorption with 0.01 M paraquat(2+) greatly increased displacement of tricyclazole 
and confirmed the postulated ionic adsorption at low pH levels. Prometryn was more readily desorbed 
than was tricyclazole. Adsorption mechanisms are postulated and discussed. 

Rice blast disease, caused by the fungus Piricularia 
oryzae Cav., is the most serious disease of rice in the world 
(Parthasarathy and Ou, 1965). The rice blast pathogen 
infects rice at all  stages of growth, and thus the plants must 
be protected through most of their growth period. Tri- 
cyclazole (5-methyl-1,2,4-triazolo[3,4-b] benzothiazole) is 
a new systemic fungicide reported to provide long-term 
control of rice blast disease when applied as a foliar spray, 
seed coat treatment, soil drench, or as a transplant bare- 

Weed Science Center, Crop Science Department, North 
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root soak treatment (Froyd et al., 1976,1978). Tr icych le  
is readily absorbed by plant roots, translocated to leaves, 
and provides residual disease control after a single soil or 
foliar application. 

Tricyclazole is a heterocyclic compound which probably 
has weakly basic properties similar to those of other tria- 
zoles and thiazoles (Acheson, 1976). The objectives of this 
study were to (1) determine the ionization constant of 
tricyclazole, (2) measure the adsorption of tricyclazole 
relative to that of the herbicide prometryn [2,4-bis(iso- 
propylamino)-6-(methylthio)-s-triazine] by Ca-organic 
matter, Ca-montmorillonite clay, and a Cape Fear sand 
loam soil, (3) measure the desorption of tricyclazole from 
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Table I. Ultraviolet Absorption Spectral Data for the Acid Titration of Tricyclazole (30 x M)= 
absorbance values a t  maxima absorption 

wavelength, AMH+ AM points, neutral acid 

analytical wavelengths bands, nm analytical isosbestic 

nm (PH 0.5)  (PH 6) nm (PH 6)  (PH 0.5) PK, 
284 0.755 0.455 

Mean values of six replications. 

the soil constituents by using deionized water and 0.01 M 
paraquat(2+) (l,l'-dimethyL4,4'-bipyridium ion), and (4) 
postulate adsorption mechanisms for tricyclazole by soil 
constituents and suggest factors which regulate its behavior 
in soil. 

METHODS AND MATERIALS 
Spectrophotometric Titrations. Aqueous M 

stock solutions of tricyclazole were prepared from tech- 
nical-grade materials and stored in stoppered glass bottles. 
Spectrophotometric titrations were carried out according 
to the procedures of Weber (1977a), modified to utilize a 
continuous flow cell and peristaltic pump to circulate the 
titrant through a recording spectrophotometer. Concen- 
trated HC1 or NaOH was added to 50 mL of each solution 
with a micropipet, and the ultraviolet absorption spectra 
were recorded for a series of pH levels ranging from 0 to 
10.0, as measured with a glass electrode research pH meter, 
calibrated with standard buffer solutions. Background 
samples were used for absorbance corrections at  each pH 
level. Six replications were used and the overall standard 
error was *0.05 pH unit. 

Adsorption-Desorption Studies. [14C]Tricyclazole 
(specific activity 18.32 pCi/mg; ring labeled) and [14C]- 
prometryn (specific activity 5.7 pCi/mg; ring labeled) were 
added to the respective M stock solutions to achieve 
activity of 5000 dpm/mL. Chemical properties of the 
pesticides are as follows: tricyclazole, M, 189.24 and water 
solubility = 700 ppm; prometryn, M, 241.4, water solubility 
= 48 ppm, and pK, = 4.0). 

Ca-organic matter (more correctly Ca/H-organic matter) 
was prepared from a peaty muck (Histosol) soil. The 
material was sieved to a particle size of less than 210 pm, 
washed with 1 N HC1 and 1 N HF to remove any mineral 
matter, saturated with Ca by washing with 1 N CaCl,, 
dialyzed until free of C1-, freeze-dried, and stored in sealed 
containers (Broadbent, 1965). Twenty milligrams in 20 
mL of deionized water resulted in a pH of 4.2. 

Ca-montmorillonite was prepared from Panther Creek, 
Mississippi Volclay. The fraction with particle size from 
0.2 to 2.0 pm was removed and saturated with Ca by 
washing 3 times with 1 N CaClz (Weber, 1977b). The 
suspension was dialyzed until free of Cl-, freeze-dried, and 
stored in sealed containers. Twenty milligrams in 20 mL 
of deionized water resulted in a pH of 6.5. 

Cape Fear sandy loam (Typic umbraquult; clayey, 
mixed mineralogy, thermic) was taken from the 0- to 15-cm 
depth of a site near Plymouth, NC. The soil was sieved 
to pass a 2-mm screen, mixed thoroughly, freeze-dried, and 
stored in sealed containers. The soil had the following 
properties: 8.7% organic matter, 11% clay, 28% silt, pH 
5.1, cation-exchange capacity = 10.3 mg/100 g, and cation 
exchange capacity of clay fraction = 34 mequiv/ 100 g. One 
hundred milligrams in 20 mL of deionized water resulted 
in a pH of 5.5. 

Twenty-milliter volumes of 0,lO X 20 X 30 X 40 X lo4, 
and 50 x lo* M concentrations of each pesticide were 
added to 50-mL centrifuge tubes containing 20 mg of 
Ca-organic matter, 20 mg of Ca-montmorillonite, or 100 

286 27 8 27 5 1.6 
290 287 284 

mg of Cape Fear sandy loam soil and adsorption isotherms 
determined by using an exposure time of 24 h at  25 "C 
(Weber, 1977b). After 24 h, adsorbents were centrifuged 
out of solution, 2-mL aliquots of supernatant from each 
tube were removed and added to liquid scintillation vials 
containing 15 mL of scintillation cocktail [2 L of scintil- 
lation-grade toluene, 1 of L of Triton X-100 [(isooctyl- 
phenoxy)poly(ethoxyethanol)], 16.5 g of 2,bdiphenyl- 
oxazole, and 0.5 g of 1,4-bis[2-(5-phenyloxyazolyl)]benzene, 
and the 14C was determined by radioassay in a liquid 
scintillation spectrophotometer (Eastin and Basler, 1977). 
Pesticide which disappeared from solution was assumed 
to be adsorbed. 

In adsorption-desorption studies where pH was the 
variable, the suspension pH was maintained with a buffer 
solution of 0.01 M potassium citrate plus 0.01 M HC1. 
After the adsorption phase, the supernatant was replaced 
with 20 mL of water or 0.01 M paraquat(2+) and the 
mixture placed on a shaker for 24 h at 25 "C. After 24 h, 
adsorbents were again centrifuged out of solution, and a 
2-mL aliquot of the supernatant was radioassayed for 14C 
to determine the amount of tricyclazole or prometryn 
desorbed. 
RESULTS AND DISCUSSION 

Spectrophotometric Titration of Tricyclazole. 
Table I contains the ultraviolet absorption spectral data 
for the titration of tricyclazole. Absorbance values for the 
titration were measured at  284 nm at each pH level. Acid 
additions to aqueous solutions of tricyclazole resulted in 
the protonation of the chemical according to the following 
reaction and equation: 

tricyclazole tricyclazole cation 

Rewritten using symbols: 

M + H+ + MH+ (1) 

(2) 

where M = molecular species, MH+ = protonated species, 
H+ = hydrogen ion, KmsOc = association constant, and K,  
= acid dissociation constant. 

Rearranging the expression and taking the negative 
logarithm of each side of the equality sign and deleting the 
charge on the pesticide ions yields 

-log K, = -log [H+] - log ([M]/[MH]) (3) 
Since pH = -log [H+] and pK, = -log K,, the expression 

(4) 

If it  is assumed that the Beer-Lambert law, A = abc 
(where A = light absorbance, a = molar absorptivity, b = 
cell width (1 cm), and c = molar concentration), is obeyed, 
that the concentration is sufficiently dilute so activity 

Kassoc = [MH+l / ([MI [H'I ) = 1 /Ka 

may be rewritten as 

PKa = PH - log ([Ml/[MHI) 
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Table 11. Adsorption of Tricyclazole and Prometryn by Ca-Organic Matter, Ca-Montmorillonite, and Cape Fear 
Sandy Loam Soil 

amount adsorbed 

Ca-OM Ca-mont. Cape Fear concn 
addeda 

pesticide ( x ~ O - ~ ) ,  M kmol/g % w W g  % m o l / g  % 

tricyclazole 10 7.13 71 1.06 11 0.58 29 
20 13.68 68 3.60 18  0.96 24 
30 18.59 62 8.78 29 1.43 24 
40 23.99 60 17.13 43 1.68 21 
50 26.75 54 26.55 53 2.27 23 

prometryn 50 36.93 74 2.30 5 1.28 13  

LSD(0.05): 1.80 1.40 0.33 

a Twenty milliliters of solution equilibrated with 20 mg of Ca-organic matter (pH 4.2), 20 mg of Ca-montmorillonite (pH 
6.5), or 100 mg of Cape Fear sandy loam soil (pH 5.5) for 24 h at 25 "C. 

equals concentration, that concentration remains constant, 
that only molecular species (M) are present at pH levels 
higher than 3.0, that only protonated species (MH) are 
present at pH levels of 0.5 or lower, that total ultraviolet 
light absorption at each pH level is due to the combined 
absorption of the respective species present, and that the 
absorbance measured at  each pH level (A) is comprised 
of the absorbance of molecular (AM) and protonated ( A M )  
species, as is customary in spectrophotometric titrations 
(Woislawski, 1953; Weber 1977a), the expression may be 
rewritten as 

A - AMH 
pKa = pH - log A M - A  (5) 

where pH = -log [H+] in solution at each absorbance (A) 
measurement, AM = absorbance of molecular species 
(0.455), AMH = absorbance of protonated species (0.755), 
and A = measured absorbance at  each pH level. By use 
of the above expression, a sample calculation for a solution 
of tricyclazole a t  pH 1.5 is 

pK, = 1.5 - log [(0.625 - 0.755)/(0.455 - 0.625)J 
= 1.5 - log (-0.130/-0.170) 
= 1.5 - log 0.76 
= 1.5 - (-0.1) 
= 1.6 

Mean values for six replications of the ultraviolet spectral 
data and the pKa for tricyclazole are given in Table I. 

Adsorption-Desorption of Tricyclazole by Ca-Or- 
ganic Matter. Tricyclazole was adsorbed by Ca-organic 
matter in a typical L-type isotherm in amounts approxi- 
mately three-fourths that obtained for prometryn (Table 
11; Figure 1). L-type isotherms are most common and 
signify that the solid has a relatively high affinity for the 
solute (Giles et al., 1960; Weed and Weber, 1974). Ad- 
sorption of tricyclazole and prometryn by Ca-organic 
matter (in reality K-OM in the K buffer) was shown to 
be pH dependent and adsorption increased as suspension 
pH decreased in each case (Table 111). Although more 
prometryn than tricyclazole was adsorbed by Ca-organic 
matter from deionized water (pH 4.2) a t  the 50 X lo4 M 
concentration (39.93 vs. 26.75 wmol/g, Figure 1, and 74 vs. 
54%, Table 11), similar amounts of the respective com- 
pounds were adsorbed at  this same concentration in the 
pH 4.0,O.Ol M buffer solution (49 vs. 50% at pH 4.0, Table 
111). Adsorption of tricyclazole increased from 50 to 72% 
when the pH decreased from 4.0 to 2.0, whereas prometryn 
adsorption was the same (49 and 50%) at the two pH 
levels. This was because maximum adsorption of basic 
pesticides normally occurs a t  pH levels in the vicinity of 
the pKa for the compound (Weber, 1972) and the pKa 
values for tricyclazole and prometryn were 1.6 and 4.0, 

-40  i 

, . I / '  / I 

0 10 20 30 40 50 
Equi l  C o n c  (M x 

Figure 1. Adsorption isotherms for tricyclazole by (0) Ca-organic 
matter, (A) Ca-montmorillonite, and (0) Cape Fear sandy loam 
soil [(a), (A), and (.) were prometryn, respectively, in each case]. 

respectively. Desorption studies showed that water re- 
moved 31% of the tricyclazole adsorbed by Ca-organic 
matter a t  pH 6.0, but only 17% of that adsorbed at  pH 
2.0, and that 0.01 M paraquat(2+) solution desorbed 2-3 
times as much tricyclazole a t  each pH level as water. 
Analogous results occurred in the desorption of prometryn, 
suggesting similar mechanisms of adsorption (Weber et al., 
1969). The two pesticides are probably adsorbed by Ca- 
organic matter as both the molecular and protonated 
species as follows: 

M + Ca(H)-OM e M-Ca(H)-OM (1) 

M + H+ F! MH+ (11) 

(111) 

(IV) 

2MH+ + Ca(H)-OM e 2MH(H)-OM + Ca2+ 

M + Ca(H)-OM + Ca(H)-OM 
I 

M 

where.M = molecular species of pesticide, MH+ = pro- 
tonated species of pesticide, and Ca(H)-OM = organic 
matter saturated with Ca ions, but most acid groups are 
still countered by H+ ions. Conditions were as follows: for 
reaction I, pH 6.0, primarily physical adsorption, and de- 
sorption with water occurs; for reaction 11, pH <4.0 and 
formation of protonated species occurs in bulk solution or 
a t  acidic groups on adsorbent; for reaction 111, pH <4.0, 
adsorption of cationic pesticide occurs through ion-ex- 
change reaction, and desorption with 0.01 M paraquat(2+) 
occurs but no desorption occurs with water; for reaction 
IV, pH X4.0, adsorption of pesticide occurs by direct as- 
sociation of the basic molecule with H+ ions on the ad- 
sorbent surface, and desorption with 0.01 M paraquat(2+) 
occurs but no desorption occurs with water. 

Desorption of tricyclazole and prometryn from Ca-or- 
ganic matter with water was probably through shifting the 
equilibrium toward the left in reaction (I), thus releasing 
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Table 111. Effect of Suspension pH on Adsorption of Tricyclazole and Prometryn by Ca-Organic Matter, 
Ca-Montmorillonite, and Cape Fear Sandy Loam and Desorption of the Pesticides with Deionized Water and 
0.01 M Paraquat(2-t ) 
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desorbing amt adsorbedb amt desorbedC 
pesticide adsorbent PHQ solution w " / g  % m o l / g  % 

tricyclazole Ca-OM 

Ca-mon t. 

Cape Fear 

prometryn Ca-OM 

Ca-mont. 

Cape Fear 

6.0 
4.0 
2.0 
6.0 
4.0 
2.0 
6.0 
4.0 
2.0 
6.0 
4.0 
2.0 
6.0 
4.0 
2.0 
6.0 
4.0 
2.0 
6.0 
4.0 
2.0 
6.0 
4.0 
2.0 
6.0 
4.0 
2.0 
6.0 
4.0 
2.0 
6.0 
4.0 
2.0 
6.0 
4.0 
2.0 

water 
water 
water 
paraquat( 2+ ) 
paraquat( 2+ ) 
paraquat( 2+ ) 
water 
water 
water 
paraquat(2t ) 
paraquat( 2+ ) 
paraquat( 2+ ) 
water 
water 
water 
paraquat( 2 t  ) 
paraquat(2+) 
paraquat( 2 t  ) 
water 
water 
water 
paraquat( 2+ ) 
paraquat( 2+ ) 
paraquat( 2 t  ) 
water 
water 
water 
paraquat( 2+ ) 
paraquat(2t ) 
paraquat(2t ) 
water 
water 
water 
paraquat( 2+ ) 
paraquat( 2+ ) 
paraquat(2+ ) 

LSD(0.05): 

23.00 
23.00 
35.80 
23.00 
25.00 
35.80 
40.50 
48.40 
49.30 
40.50 
48.40 
49.30 

2.05 
3.00 
5.20 
2.05 
3.00 
5.20 

13.60 
24.60 
25.00 
13.60 
24.60 
25.00 
21.60 
48.20 
49.20 
21.60 
48.20 
49.20 

1.45 
2.85 
2.75 
1.45 
2.85 
2.75 
1.40 

46 
50 
72 
46 
50 
72 
81 
97 
99 
81 
97 
99 
21 
30 
52 
21 
30 
52 
27 
49 
50 
27 
49 
50 
43 
96 
98 
43 
96 
98 
1 5  
29 
28 
1 5  
29 
28 

7.13 
7.1 5 
6.09 

13.50 
11.90 
14.90 

2.23 
0.60 
0.40 

29.00 
30.00 
32.50 

0.91 
1.13 
1.56 
1.36 
1.97 
3.06 
6.23 
4.70 
0.43 

11.83 
14.00 
16.23 
17.20 
32.40 
26.67 
21.40 
39.73 
38.63 
0.93 
0.86 
0.31 
1.31 
2.33 
2.11 
0.50 

31 
29 
17 
59 
48 
42 

6 
1 
1 

72 
62 
66 
44 
38 
30 
67 
66 
59 
46 
19 

2 
87 
57 
65 
80 
67 
54 
99 
82 
79 
64 
30 
11 
91 
82 
77 

Suspension pH maintained with 0.01 M potassium citrate plus HCl buffer. Twenty mililiters of 50 X M pesticide 
used with 20 mg of Ca-organic matter, 20 mg of Ca-montmorillonite, or 100 mg of Cape Fear sandy loam equilibrated for 
24 h at  25 "C for adsorption phase. 
equilibrated for 24 h at 25 "C for desorption phase. 

Twenty mililiters of water or 0.01 M paraquat(2+) added to adsorbent pellet and 

bound pesticide into solution. Desorption of the pesticides 
with 0.01 M paraquat(2+) was probably by way of a cation 
exchange reaction, as follows: 
MH(H)-OM + paraquat(2+) s 

paraquat-OM + MH+ +H+ (V) 
where MH(H)-OM = pesticide ionically bound to organic 
matter as in reaction 111, paraquat(2+) = divalent para- 
quat cation, paraquat-OM = paraquat ionically bound to 
organic matter, MH+ = displaced pesticide which rees- 
tablishes equilibrium according to reaction 11, and H+ = 
displaced hydrogen ions from organic matter. 

Adsorption-Desorption of Tricyclazole by Ca- 
Montmorillonite. Tricyclazole adsorption by Ca-mont- 
morillonite exhibited an S-type isotherm in amounts 
ranging from the same as prometryn at  the lowest con- 
centration to nearly 10 times as much in prometryn at the 
highest concentration (Figure 1). The percent tricyclazole 
adsorbed increased with each increase in concentration 
(Table 11), suggesting that molecular pressure had a direct 
effect on the adsorption phenomenon. S-type isotherms 
signify that the solid has a higher affinity for the solvent 
than for the solute, at low solute concentrations; at higher 
solute concentrations there is supportive adsorption among 
adsorbed molecules, and multilayers may be forming on 
the surface at high solute concentrations (Giles et al., 1960). 

Adsorption of tricyclazole and prometryn by Ca-mont- 
morillonite was much greater in the pH 6.0,O.Ol M buffer 
solution (Table 111) than in deionized water a t  approxi- 
mately pH 6.5 (Table 11; Figure 1). Adsorption of both 
pesticides increased greatly as pH decreased from 6.0 to 
2.0 and went from 81 to 99% and from 43 to 98% for 
tricyclazole and prometryn, respectively (Table 111). Water 
was ineffective in desorbing tricyclazole from Ca-mont- 
morillonite (1-6% desorbed), but 0.01 M paraquat(2+) 
desorbed from 62 to 70% of the pesticide. The 0.01 M 
paraquat(2+) solution was also much more effective than 
water in desorbing prometryn from Ca-montmorillonite, 
with amounts desorbed ranging from 79 to 99% and from 
54 to 80% for the two solutions, respectively. In all cases, 
except desorption of tricyclazole with water, desorption 
of the pesticides from Ca-montmorillonite decreased as 
pH at adsorption decreased. This suggests that the 
mechanism of adsorption was primarily physical at neutral 
pH levels and ionic a t  low pH levels similar to that pos- 
tulated for adsorption of the s-triazine herbicides by 
montmorillonite (Weber, 1970). It is likely that enhanced 
protonation occurred at  the clay surface as suggested by 
Feldkamp and White (1979) and that tricyclazole was 
protonated to a much greater extent than that predicted 
on the basis of the bulk solution pH and the pK, of the 
compound. In addition, Feldkamp and White (1979) have 
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suggested the possibility that citrate buffer may complex 
with A1 in the clay lattice, thereby affecting the apparent 
negative charge on the clay surface and enhancing ad- 
sorption of basic molecules such as tricyclazole. Although 
cation-exchange reactions between tricyclazole and the clay 
surface are undoubtedly occurring a t  low pH levels, 
mechanisms of adsorption for neutral and high pH levels 
cannot be postulated based on the information available 
a t  this time. 

Adsorption-Desorption of Tricyclazole by Cape 
Fear Soil. Tricyclazole was adsorbed by Cape Fear soil 
in substantially greater amounts than prometryn in the 
pH 5.5 deionized water system (compare 23 vs. 13% for 
the two pesticides, respectively) (Table 11; Figure l), and 
in the 0.01 M buffer system (compare 21,30, and 52% at 
pHs 6.0, 4.0, and 2.0 for tricyclazole with 15,29, and 28% 
a t  the same pH levels for prometryn, Table 111). The 
adsorption isotherm for tricyclazole on Cape Fear soil was 
relatively linear (C type) (Figure 1). C-type isotherms 
signify a constant partition of adsorbate between solution 
and adsorbent, indicating that additional adsorption sites 
become available as adsorption proceeds (Giles et al., 1960). 
However, since the soil is a mixture of organic matter, 
which displayed L-type isotherms for tricyclazole, and clay 
minerals, which displayed S-type isotherms, the C-type 
isotherm may be a composite isotherm for the mixture of 
adsorbing surfaces. 

Adsorption on the Cape Fear soil increased as pH de- 
creased for both tricyclazole and prometryn showing the 
pH-dependent adsorption mechanism which was also 
characteristic when Ca-organic matter and Ca-montmo- 
rillonite were used as the adsorbents (Table 111). Water 
was much less effective in desorbing tricyclazole from the 
Cape Fear soil than was 0.01 M paraquat(2+) (compare 
44, 38, and 30% desorption with 67, 66, and 59% de- 
sorption with water and paraquat(2+), respectively). This 
was also the case for prometryn. However, prometryn was 
much more readily displaced from the Cape Fear soil than 
was tricyclazole with both water and paraquat(2+) solu- 
tions (compare 64 and 91% desorption of prometryn, re- 
spectively, a t  pH 6.0 vs. 44 and 67% desorption of tri- 
cyclazole, respectively, a t  pH 6.0, Table 111). 

High adsorption of tricyclazole by soil organic matter 
and montmorillonite clay, the effects of buffer salts vs. 
water, and the pH dependence of the adsorption mecha- 

Weber 

nisms in these studies suggest that these factors will have 
a significant effect on the bioavailability of the fungicide 
in soil systems and in aquatic systems containing soil 
particulate matter. 
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