


INTRODUCTION

Dissipation rates of atrazine in soil have been the subject 

of a number of studies (4,9, 10, 15, 16, 17, 18, 19, 20, 23). Some 

variables which have been shown to influence atrazine dissipation 

rate in soil include temperature (15, 16, 17, 20, 23), moisture 

(10, 19, 20), concentration (4, 9, 18) , and depth of incorporation 

(4). In most studies pseudo first-order kinetics have adequately 

described atrazine dissipation in the laboratory (10, 18, 19, 20,

23) but others have found dissipation to deviate significantly from 

a first-order rate (9). In the field factors affecting atrazine 

persistence are dynamic, and first-order kinetics may not be 

adequate to describe atrazine dissipation without accounting for 

the effect of change in conditions over time such as temperature 

and moisture (20).

Atrazine persistence in soils is sufficient to result in 

carry over of phytotoxic residues in some field conditions (17).

The dissipation rate of atrazine in general is more rapid with in

creasing soil water content below field capacity (19, 20). Rates 

of atrazine chemical and microbial degradation may decline somewhat 

when the water content is sufficient to flood the soil (6). De

gradation of atrazine to a hydroxy derivative has been shown to be 

an important dissipation mode in flooded (21) and aerobic (1) soil.

Specific information is lacking on how anaerobic conditions 

might alter atrazine dissipation rates. Atrazine is used for weed 

control in situations where anaerobic conditions are unlikely to 

predominate in soil. However, atrazine sometimes is applied with
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crops that are followed in rotation by rice, where anaerobic condi

tions often do predominate.

This research was carried out to determine the effect of con

tinuous and alternate anaerobic conditions on atrazine dissipation 

rates at three in itia l concentrations in Crowley s ilt  loam. This 

soil is commonly used for rice production in rotation with other 

crops in Arkansas and Louisiana. Field experiments were also con

ducted in irrigated grain sorghum to determine the potential for 

atrazine carry over when surface applied or preplant incorporated 

in Crowley s ilt  loam.
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MATERIALS AND METHODS

Residue analysis. A Crowley s ilt  loam (5% sand, 21% clay, 74% 

s ilt ,  1.7% organic matter, and pH 5.5) was used for a ll experiments. 

Atrazine was chemically extracted from soil and then analyzed by 

high pressure liquid chromatography (HPLC) in both the laboratory 

and field experiments. For the field study analyses a bioassay 

using soybeans was also used as an analytical tool.

The chemical extraction was based on an established method 

for gas-liquid chromatographic analysis (14). Soil extractions 

were carried out by adding 50 g of soil with known moisture con

tent to a 250 ml round bottom flask along with 100 ml of 90% 

acetonitrile. The soil-solvent mixture was refluxed for one hour, 

then immediately cooled in an ice bath. The mixture was filtered 

and 60 ml of the filtra te  was added to a 500 ml separatory funnel.

To the filtra te  was added 300 ml of water plus 20 ml of saturated 

aqueous NaCl. Two extractions were carried out in the separatory 

funnel with 25 ml of dichloromethane. The combined fractions of 

dichloromethane were evaporated to dryness in test tubes in an 

Organomation N-Evap®. To the residue in the test tubes was added 

2 ml dichloromethane.

A Silica Sep-Pack® (Waters Associates, Inc) was flushed in 

sequence with 3 ml 5% diethyl ether in dichloromethane, and twice 

with 2 ml of 100% dichloromethane before adding the 2 ml of dichloro

methane containing the atrazine residue. Subsequently, 6 ml of 3% 

diethyl ether in dichloromethane was flushed through the Sep-pak® and 

discarded along with a ll previous fractions. A final rinse of the
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Sep-Pak® with 13 ml of 5% ether in dichloromethane was used to elute 

the atrazine from the Sep-Pak®. To this solution was added 3 ml of 

2 μg/ml linuron [3-(3,4-dichlorophenyl)-1-methoxy-1-methylurea) ] in 

dichloromethane which was used as an internal standard.

Analysis for atrazine was performed with a liquid chromatograph 

equipped with a fixed 254-nm UV detector, and a 5 mm i.d. Radial-Pak 

10 μm C8 column. The mobile phase was 30% acetonitrile - 70% water

at a flow rate of 2 ml/min. Recovery of atrazine from Crowley s ilt  

loam spiked in the range from 0.05 to 8.00 μg/g averaged 84%.

Soybean bioassays were performed in a greenhouse for a ll field 

experiments. A standard curve was obtained for the bioassays from 

ratings of soybean injury due to known concentrations of atrazine. 

Ratings were based on the extent of chlorosis and loss of foliage 

28 days after planting. Standard curves were determined with each 

bioassay. Atrazine concentration was determined by linear regres

sion of the injury rating for atrazine concentrations from 0.1 to 

0.5 μg/g of soil. For soil containing atrazine residues in excess 

of 0.5 μg /g  the treated soil was bioassayed again using a dilution 

technique. The soil was passed through a 2 mm sieve and thoroughly 

mixed with untreated 2 mm sieved soil in proportions to manipulate 

the residue level to the range of greatest sensitivity of the 

bioassay.

Laboratory study. This study was carried out in an incubator 

at 25 C in the dark. Effects of the following factors on atrazine 

dissipation rate were studied in a factorial design: (1) the

application rate at 0, 1, 2, and 4 ug/g; (2) soil moisture using

70



air-dry, 29% moisture (1/3 bar), 60% moisture (continuous flood), 

and an alternately flooded and dried (to 21±5% soil moisture) re

gime over a seven day period. Entire 50 g samples were extracted 

for HPLC analysis 0, 30, 50, and 165 days after treatment.

Data converted to percent original concentration remaining 

and log-transformed were analyzed by a factorial analysis of 

variance and analysis of covariance (ANCOVA) with time as the 

covariate. Regressions over time for each treatment combination 

was performed to te s t che applicability  of pseudo first-o rd er 

k ine tics .

Field study. Atrazine dissipation rates in Crowley s i l t  

loam were evaluated at the Rice Branch Experiment Station of the 

University of Arkansas a t S tu ttgart. Atrazine was applied pre

emergence or preplant incorporated to a depth of 5 cm a t 2.24 kg/ha 

in plots which were subsequently planted to grain sorghum. Applica

tion dates were May 28 in 1980 and May 14 in 1981. The fie ld  de

sign was a randomized complete block with three replications per 

treatment.

Atrazine dissipation over time was evaluated using both HPLC 

analyses and bioassays. Soil sampling for residue analysis was 

done prior to and immediately a fte r atrazine applications, and at 

various time in tervals thereafter, as shown in Figure 2. Soil 

samples of a t least 1000 g were taken with a trowel from the upper 

7.5 cm by combining samples from at least five places in each p lot. 

The so il was stored a t -10 C u n til ready for analysis. Plots were
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furrow irrigated  46, 64, and 88 days after treatment in 1980, and 

34 and 62 days after treatment in 1981. Relevant climatological 

data have been presented earlie r (2).

The field  study was subjected to analysis of covariance 

(ANCOVA) with time after herbicide application as the covariate. 

Regression was performed on the natural logarithm of the data 

collected for each treatment from 0 to 100 days after application 

to te s t for the applicability  of pseudo first-o rder kinetics in 

describing atrazine dissipation.
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RESULTS AND DISCUSSION

Laboratory study. Atrazine dissipation was significantly 

affected by the moisture regime and by the application rate , and 

was adequately described by pseudo first-o rder kinetics for a i l  

moisture regimes except the air-dry regime (Table 1). The half- 

life  of atrazine for the moist soil treatments increased from 

an average of 47 to 50 to 56 days as the application rate was in

creased from 1 to 2 to 4 ug/g. Similar effects of in i t ia l  concen

tration  on atrazine dissipation have been reported in other studies 

a t constant moisture levels in aerobic soil (9, 18). The assump

tion made, for a firs t-o rd er type rate of loss, that the h a lf- life  

is  independent of the starting  concentration is , therefore, not 

s tr ic tly  true for atrazine dissipation.

There was significant loss of atrazine in the air-dry moisture 

regime over 165 days as revealed by analysis of variance. The a ir-  

dry atrazine dissipation rate was, however, much slower than with 

the other moisture regimes and was not significantly  related to a 

firs t-o rder model (Table 1 and Figure 1). There was significantly  

more atrazine persistence in the 1/3 bar than the continuous flood 

or alternate flood moisture regimes. This difference is  small, 

however, and did not exceed the v ariab ility  in half-lives with 

these treatments.

Hurle and Kibler (10) have demonstrated that the relationship 

between soil moisture and atrazine dissipation rate can be altered 

by previous wetting and drying. In four soils with a wide range

73



Table 3.1. Effect of moisture regime and application rate on the 
h a lf- life  of atrazine in soil a t 25 C. Values in 
parenthesis are the corresponding squared correlation 
coefficients which are a ll  highly significant at 
p < .01, except for air-dry treatments.

Application rate , ug/g Mean Mean %

Moisture reg. 1 2 4 h a lf- life Remain-
aing

(half-life , days)

Air-dry 
Field cap.
Cont. flood 
Altern. flood 

Mean h a lf - l .b 
Mean % rem.a

448 
51 
43 
48 
47 
58 b

(.25)
(.91)
(.94)
(.88)

275
44
53
53
50
61

(.22)
(.91)
(.87)
(.92)

ab

400
61
51
55
56
64 a

(.25)
(.88)
(. 87)
(.95)

52
49
52

92 a 
56 b 
49 c 
49 c

ai .E. ,  average percent atrazine remaining over a ll  four sampling times. 
Means followed by the same le tte r  are not significantly 
d ifferent a t p < .05 by Duncan's Multiple Range Test.

b
Omitting the air-dry treatment, which has non-significant correlation 

coefficients.
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of adsorptive capacities Fusi and Franci (5) found that alternate 

wetting and drying resulted in atrazine persistence intermediate 

between persistence in soil kept a t air-dry or a t 100% field  

capacity. Lavy e t a l. (12) found degradation of atrazine to occur 

at similar rates in aerobic soil and anaerobic soil (in sealed 

containers) kept a t the same moisture content. The present study 

indicates that the dissipation rate of atrazine in a flooded soil 

is not greatly altered from the rate in moist aerobic so il. Varia

tions in soil water content above some minimum level (in th is study 

about 70% field  capacity) did not affect the dissipation rate sub

s tan tia lly . However, evidence from another study (10) indicates 

that drying the so il to very low moisture levels can have a signi

ficant effect.

Field study. Atrazine dissipation was described adequately 

by pseudo first-o rd er kinetics in spite of the more variable con

ditions in the fie ld  (Table 2). Half-lives were slightly  longer 

for the preplant incorporated than the preemergence applications 

in both 1980 and 1981, but the persistence was significantly 

greater for preplant incorporated applications only in 1980 

(at p < .05, as revealed by analysis of covariance). The slight 

increase in persistence of atrazine with incorporation is  typical 

for th is compound (13). Results of the present study indicate 

that modes of dissipation specifically  associated with the sur

face, such as vo la tilization  and photodecomposition, probably 

accounted for only a small proportion of the atrazine dissipated.
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Table 3.2. Half-lives calculated for up to 100 days after tre a t
ment for preplant incorporated and preemergence applica
tions of atrazine in the fie ld . Values in parenthesis 
are the corresponding squared correlation coefficients 
(all values are highly significant at p < .01).

(half l ife , days)

Preemergence 25 (.97) 18 (.85) 21 (.80) 18 (.81) 21

Preplant incorp. 32 (.85) 20 (.87) 24 (.80) 24 (.891 25

Mean 28 19 23 21
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Analysis of covariance of the data indicated that in 1980, but 

not in 1981, there was a significant difference in atrazine residues 

as determined by bioassay and HPLC analysis. Bioassay determinations 

of atrazine levels in 1980 were lower than HPLC dterminations up to 

10 days and greater a fte r 30 days, which is  reflected by the longer 

half-lives estimated by bioassay than HPLC analysis in 1980 (Table 

2). Although application rates were planned to be the same both 

years the in i t ia l  concentrations found by HPLC analysis were more 

than two times greater in 1980 than 1981. For the samples taken 

soon after application, to achieve an atrazine concentration in the 

so il in the range of sensitiv ity  of the soybean bioassay i t  was 

necessary to d ilute the so il 10 to 20 times with untreated so il.

Even with thorough mixing of the so il, there may not be as uniform 

a d istribu tion  of atrazine in the so il in the diluted samples as 

the non-diluted samples. Therefore, atrazine may not be available 

for uptake by as much of the root system in the diluted s o i l , re

sulting in lower estimates of atrazine concentration.

Winter samples taken in 1980 indicate that atrazine dissipa

tion was much slower in th is  period, presumably due to the tempera

ture decline. Potential carry over of atrazine probably is  best 

determined by the dissipation rate during the summer and the fa l l ,  

when most loss of atrazine is  likely  to occur.

General discussion. In the atrazine fie ld  studies, the h a lf- 

l ife  of atrazine averaged 23 days over a l l  treatments (Table 2) 

compared to an average of 51 days over a l l  moist so il treatments 

in the laboratory study (Table 1). Possible reasons for th is
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include differences in (1) temperature, (2) leaching, (3) pH, or 

(4) moisture, a ll  of which can significantly affect the dissipa

tion rate of atrazine from so il.

1. Increasing temperature increases the rate of atrazine 

dissipation (19). Temperatures were not higher in the field  at 

least in the in i t ia l  weeks after application (2), and i t  seems 

unlikely that temperature accounted for differences between field  

and laboratory dissipation rates.

2. Recent studies have examined atrazine leaching in detail 

(9, 22) and indicate that the percentage of fie ld  applications of 

atrazine dissipated by leaching more than a few centimeters in 

depth is  small in several soils of widely different texture and 

organic moisture content. However, extensive movement of atrazine 

in the upper 30 cm occurred near the bottom of a watershed where 

soil moisture was presumed to be high (22). In the present study, 

significant ra in fall occurred 0, 3, 11, 12, 20, 21, and 22 days 

after the atrazine applications in 1981 but only occurred twice 

within a month after applications in 1980. Leaching seems a 

possible explanation for much of the increased dissipation in the 

field  in 1981 but not in 1980.

3. The chemical degradation rate of atrazine has been shown 

to be, in many cases, increased significantly as soil pH decreases 

below neutrality (3, 11) although th is is not always the case (8). 

In dissipation studies with another herbicide, the pH of flooded 

Crowley s i l t  loam after 12 weeks had risen to from 6.1 to 7.1, 

depending on the microbial population present (2). However, if  pH
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differences in flooded and moist aerobic Crowley s i l t  loam were con

tro lling  the rate of hydrolysis of atrazine, then the moist tre a t

ments in our laboratory study would be expected to exhibit more 

pronounced differences in dissipation rate than occurred.

4. Soil water content in the upper 7.5 cm from which atrazine 

residues were determined would have been lower than the 1/3 bar, 

flooded, or alternately floded laboratory treatments most of the time. 

This might have resulted in more favorable conditions for certain 

modes of dissipation, such as degradation by aerobic soil micro

organisms .

This research demonstrates that atrazine persistence in Crowley 

s i l t  loam is not affected substantially by variations in soil water 

from 1/3 bar tension to flooded conditions. Soil incorporation of 

the chemical only slightly  increased the dissipation rate of atrazine 

in irrigated  grain sorghum averaging 23 days compared to an average 

of 51 days when incubated in the laboratory a t 25 C in the same 

soil subjected to 1/3 bar, flooded, or alternately  flooded moisture 

regimes. Atrazine carry over from standard application rates in 

Crowley s i l t  loam would not be expected to be a problem under 

irrigated  conditions, in flooded fie lds, or in areas receiving good 

summer ra in fa ll.
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reduced i ts  biological ac tiv ity  but increased i ts  persistence as 

much as four times compared to surface-applied oxadiazon. In 

fie ld  studies, surface-applied oxadiazon in itia lly  had a half- 

life  of 4 to 11 days with lowland rice and 15 to 33 days with 

upland rice. Atrazine [2-chloro-4-(ethylamino)-6 -(isopropylamino- 

s-triazine] had average half-lives of 52, 49, and 52 days with 

field  capacity, flooded, and alternately flooded moisture regimes, 

respectively. Atrazine half-lives ranged from 18 to 25 and 20 to 

32 days with preemergence and preplant incorporated treatments, 

respectively, in an irrigated  fie ld  planted to grain sorghum 

[Sorghum bicolor (L.) Moench].
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