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ABSTRACT 

}d.Se. Ph1111p C. Alexander !ntOllOlolY 

THE USE OF ATRAZIIŒ IN CORN PRODUCTION 

Poat e"'I'Rence spray. of 2! pound. per acre of the herblc1dtl 

.Cr •• ine vere appliad to elght acre. of gra1n corn on tl1e-dralned 

Ste. Ro.ali. clay .011 ne.r Ste. Adne de Bellevue 1~ ~971 and 1972. 
. ~ 

S.-pl •• of 1011. lurfade run-off vater, luh-.urface draina,e vater and 

of accUMUlation. of dr.1na,e vater in poÙd. vara anal~ad at interval. 

fraa May to October. Re.ldua. ln the soil varlad fro. 0.001 to 0.139 

parte par mi1110o: .. xi.ua r •• ldue. ln draineKe vat.r. 10 pond •• d1 .. nt 

Gd 1n .urtaca run-otf ver. 0.043, CJ.043 and C.OO42 pf'II. s.pring carry-

over re.iGuel vere oe&l1a1ble. 

w •• positively c~c~~.at.d vith ralntall. Soti r •• idue. vere in the 

0-10 inch layer. Br.akdown product. vere Dot IDYe.t1~at.d. Atrazln. 

uaed it, thb way doa. Ilot r •• ult in •• '1'10\&8 p.r.l.t~t reaidu •• 111 .011 

or 8011 ".ter • 

. ,,-
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1. ' tJTIL ISATI0~ n' ATRA!nŒ nANS I.A P~ODtTCTtOl' DU MAIS 

l ' 

Dea arro.a~e. (en pulvlrt.atton) po.t-~r!ent., d'herbicide 
• 

atraalne, 1 2~ 11~r~~ i'acra, furent appllqu~e 1 de. 

un Ste-aoaa11e~abl argileux l dralnage tui16, aur 

pra. de St.-&lne de B.l1.~. O.a analy.e •• y.tf 

de 8 acre. 

lur de. pr'l~ ... nt.·du aol, de •• aux de aurface, d •••• ua profond •• de 

drainale et de. eaux ........ aux ba •• in. de dr.ina~. Le. rl.idua du .01 

pré.ent'rant une d1ff'rence de 0.001 1 0.139 part au .11110n; le. r~8idU8 

.. aiDa de. eaua de dralnaKe, cell •• de. ba •• in. et de. ~aux de .urface 

furent de 0.043, 0.043 et '.0042 pt8.P. re.pectlYeaent. t'ftud. de. eaux 

de prlnteap. donna un produit J. rf.1dua uü,11g •• ble. 

aurfece 

cha 801 

Une aUJIMnt.~1.o11 .pprwciable d. r.t.i<H.ut du .~1 et de. eau de 

~t.1t dlr.ct~t attrlbU&ble_~l.~oab'. de. rIui... La. rleldua 

turen~ prEle~i. au niv.eu de 0-10". &. produite .econdalr .. ae 

,roduit p •• de ~uantltf l~ortaQte ou perltatante de rf.ldua dan. le .01 

ou le. eaux du 801. 

o 
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Common Name 

atrazine 

captan 

diazinon 

Gardona CR) 

lindane 

ma1athion 

methoxych1or 

XVitaf10 D.B.CR) 

GLOSSARY 

Che:nica1 Name 

2-Ch1oro-4-ethy1amino-6-isopropy1~~no-s­
triazine 

N (trich1oromethy1thio) 4-cyclohex-
4-ene, 1,2, dicarboximide 

0,0,0, (2-isopropyl-6-rnethy1-4-
pyrimidy1) phosphorothioate 

2 1 -chloro-1-(2,4,5-trich1oropheny1) 
V1ny1 dimethy1phosphate 

ga~a isomer 1,2,3,4,5,6, -
hexach1orocyc1o-hexane 

Diethy1 mercaptosuccinate-S-ester­
Q, 0 - dimethy1phosphorodithioate 

l,l,1,-trich1oro-2,2,-bis(p­
meth~xypheny1) ethane 

Tetrarnethy1 thiurao disulphide 
CThiram) 

5,6-dihydro-2-methy1-1 4-oxathiin-3-
carboxani1ide (Vitav~x} 

. - \, 

CR) = registered Trade Mark 

x Vitaflo D.B. is a compound containing as its active, 
Ingredients, thiram and Vitavax 

r 
\' , 

ix 
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INT RODUCTION 

Atrazine,2-chloro-4 cthylarnino-6-isopropylamino-s-

triazin~ is a chloro-suhstituted s-triazine herbicide and 

is widely used in agriculture as a pre- and post- emergence 

spray, and a'lso as a soil sterilant for the chemical control 

0= weeds and other broad-leaved plants. Because of its 

selective nerbicidal acti'/ity aZ'ld 10\" phytotoxicity to 

corn, it has come to play a ~ajor role in ~ 

noxious v;eeds in t.he prodûction of that crop. 

control of 

In order that a so..:nd weed control progranune can be 

develop~d in any agrlcultural venture, it is always desirable 

1 
to have a complete kno~ledg~ of the chemistry, behaviour, 

herbicidal activity and per~istence of any herbicide or herb-, 

icides that are to be utilized. A knowledge of their behav-

iour eliminates the possibility of undue persistenc~ of soil 

residues, which can then be effectively avoided by the selec-
.. 

tian and use of dosages which ensure proper ,,,eed control, but 

do ~ot leave behind harmrul resipues. 
, .. 

Hhile soil retention of a herbicidal residue rnay be 

ë!~·.:'~.lntr.:Jao'..ls in so~e case:,; fo= current 'wecd control, it may 

o~ the other hand be det=i~ental to any herbicide~sensitive 
(l 

crop gro:m in succeedinq ye~rs on the same acreage. 

l • 
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Atrazine has been the cause of serious concern due 

~ts carry over effects on crop:)grown after corn, e.g., sugar 

beet (Frank, 1966). 

continuo~ application of atrazine on land on which:corn 

~s being grown season after season has resulted in no harrn-

fuI effects to the corn. This i~ due to the ability of the 

corn plant ~ remove atrazine from.the soil by root.uptake. 

or leaf absorptiony and break i~ down into non-ppytotoxic 

metaholites (Shimabukuro et al., 1969) . 

• 
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OBJECT OF STUDY 

The object of this study was to determine the fate of 

atrazine used 'as a.herbicide in'thé~production'bf corn. 

An attempt has been made ta determine persistence in, 

and the rate of disa~earance of this. compound from the sail, 

ru9~off water, and lake bottom sediment under practic~l field 

conditions. 

\ 
'\ 

\ 
, ' , 

( . 
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REVIEW OF LITERATURE 

~!he literature ava~lab1e on atrazine and other tri- l 

az~ne herbicides is very extensive. Several revie,,,s of tne 

literature have appeared in recent years, e.g. , those of 

Knuesli (1960), Knuesli (1970), and Frear et al. 

(1972 ). 

Sorne of the most pertinent papers i~ the 1iterature 

are briefly reviewed here. 

"-
PERSISTENCE 

The persistence of any pesticide~.i-n the enVlronment 

can be determined or assessed by its continued activity. 

Birk and Roadhouse (1964) showed that 90% of residual atra-

zine was in the 0-2" depth of sail one ta b'l"O years after 

application at rates ranging from 2 to 20 lb/acre. Nost of 

the 90"1> was ln the 0-1" layer_. 'The same authors compared 

persistence of atrazine in corn plots to that in ôallm" soil. 

At the end of the first season, residues were mu ch greater 

,in the sail that had been cropped than in the fallow sail. , 
, 

Talbert et al. (1965) showed that 0.16 lb/acre of 

atrazlne \.,a~ present one year after a soi l application of 

2 lb/acre. Buchholtz (1965) reported greater perslstence of 

4 



atrazine during dry summers than during summers with ab un­

dant rainfall. In addition soil samples taken l, 2, 3 and 

6 months after application show that variables other th an 
1 

date of application influence the relative carry-over rate 

of any triazine applied to 50il •. Such samples from plots 

of corn and Johnson grass sprayed ~th 2,4, and 15 lb/acre 

contained smaller residues of atrazine in the 0-6" depth 

than samples from fallow plots spray~d at the same rate. 

Harris et al. (1969) surveyed the persistence 

of atrazine placed 3, 9 and 15" deep under sod in twelve 

geographical1y separated soils throughout the United 

States and Puerto Rico. In general pers~tence increased 

with depth, lower ternperature, and higher organic matter 

content with an average of 51% more atrazine recovered 
fè) 

from 5ub-surface soils at the 15" level than from surface 
, . 

soils at the 3" level after treatment with equal.amounts 

of atrazine under field conditions. On the other hand, 
b 

residue carry-over from atrazine was found by Burnside 

et al. (1969) to be concentrated in the top six inches 

of six soils' studied. However, significant leaching did 
D 

occur in a,very fine sandy 10am soi1 with unusually heavy 
f 

rainfal1. Jo: 

'\ 

5 

':lolcott (1970) has indicated that disappearance of a 
.. " ~ ~ 

measureab1e or recognized activity provides no assurance that 
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•• 

the chemical has been rewoved or altered in its essential 

chemistry. 

Sheets (1970) contends that the soil environment in' 

~ 

6 

which an herbici~? is introduced dJterrnines its rate of d1S-

appearance. Hence, differences in persistence among soils 

may be determined by variations of temperature and moisture 

levels. 

The sarne author, hmvever, is of the opinion that be-

cause of the fact that run-off removes most of any material 

or reduces a herbicidal residue, does not necessarily mean 

that the herbicide rnolecule ceases to exist in other parts 

of the environrnent. 

ADSORPTION 

Recent attention has been focussed on the adsorption 

of pesticides on various substrates in the soil environment. '. ,{ 

Harris and Warren (1964) have indicated that the lim-

ited solubility of atrazine enhances \ts adsorption by soil 

cornponents particularly the organic fraction. Harris et al. 

(1964) and Talbert et al. (196~) found that adsorption was 

not related.to the water solub11ity of the compound. 

Bailey and ~fuite (1964), on the other hand, from their 

observations conclude that t'he relationship existing bett.,een 

solubility and th~ extcnt of adsorption appears to be valid 
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• on1y within ~ fami1y of compounds • 

Harris et are (1964) and Talbert et al. (1965) reported 

that the adsorption of atrazine increased with dacreased tem-

perature and that the availabil~ty ôf atrazine was greater at 

a higher temperature. Harris and Warren (1964) and Ta1bert ( . , 

and F1etchall (1965) investigated the effect of pH on atra- " -,,-

zine adsorptton. They conclu~ed that adsorption of atrazine 
1 

varies inversely \.,ith pH. 

McG1amery et al. f(1966) found that atrazine adsorption 

·onto soil and humic acid iso1ated from 1eonardite increased \ 

as pH decreased, but adsorption was on1y ~1ight1Y affected 

by the parameters" temperature, and concentration of the ad-

sorbate. 

lvlcGlamery and Slife (1966) studied the adsorption 

from an aqueous solution of atrazine on a Drummer silty clay 

loam and on humic acid. 
l 

Adsorption ;ln the soil was greater-

at pH 3.9 than at 8.0, and at oOe than at 40o e., 

Nearpass (1967), while studying the' effect of the pre-
i • 

dominating cation on the adsorption of atrazine in soils, 

found that the adsorption of atrazine is governed largely by 

the hydrogen ion activity relationship which occurred between 
c 

the solution and the solid phase of the soi1. -• Nearpass (1967) found,that adsorption from aqueous 

", 
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• solutions of atrazine by a B3yboro clay soil was dependent 

upon the exchange acidity of the soil. Armstrong et al. 

(1967.) showed that hydrolysis of atrazine to hydroxyatrazine 

is c~talyzed by adsorption onto organic matter with hydroxy-

atrazine more strong1y adsorbed than atrazine. 

Weber et al. (1968), however, contend that any treat-

ment which decreases soil pH tends to reduce triazine phyto-

toxlcity. ThIs' was controlled by greater protonation of the 

triazi'r1e at lower pH resulting in increased soil adsorption. 

Harris et al. (1969) have suggested that increasing 

D 
adso;r-pti~n "~-i-th a decreased ternperature may be a factor in 

"-

. mQvement and activity of pesticides ln soils and in increas-
\ , 

ing persistence '.vith increasing depth . 

..... 
Weber (1970) pointed out that triazines are readily 

adsorbed by a variety of clay mineraIs. This adsorption is 

dependent upon acidity of the aqueous systems and tend to 

increase with a decrease in pH. 

MOVEMENT 

Movement studies of atrazine and other soil applied 

herbiciàes have been documented by several reseàrch workers. 

Har~ley (1961) indicated that several years wou1d be 
, 

• necessary for as 1itt1e as 1% of the concentration of sur-

face applied herbicides to rnigrate by diffusion to a depth of 



• 

• 
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two feet ln a moist soil. 

lfuite et al. (1967) found that low levels of atrazine 

\vere carried off by surface water moving off sprayed fields 

during and after application. He used simulated rainfall. 

.'-lost of the atrazine was ret-3.ined in the upper 3" of the soil 

profile. No measureable quantities \vere found belo"v 6". 

Terraclng was not used to hlnder run-off water from leaving 

the field. 

~ , 
\'J1üte et al. (1967) are of the opinion th-3.t the temper-

ature at the tlme of the rainfall would also contribute to 

differences in atrazine content in run-off water. "Run-off" 

water is defined as water as it l~~ediately leaves a specific 

field. Bail~y et al. (1970) have suggested four principal 
../ 

means of pesticide transport within soils - (1) diffuslon in 

air spaces of soil~ (2) diffusion in soil water; (3) trans-

portation by downward flowing water; and (4) transportation 

by wùter moving upward. 

Bailey et al. (1970) contend that percolating water is 

the principal means of movement of the relatively non-volatile 

pesticides and dlffusion of soi-l water is important only for 

transport over very small distances. 

The same Quthors re90rted that the total arnount of 

rainrall and frequency of received water aIl, appear to a~fect 



te 
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\ 
the movement of herbicides in the soil. This movement is 

dependent on
j
soil type with a greater amount of leachipg 

of a pesticide in the soil profile occurring with a 

greater amount and frequency of rainfall. 

Sheets (1970) indicates that weather and climate 

influence the disappearance of herbicides through the 

effect of their surface remova1 in run-off water, and 

do~ward movecent in the soil profile. 

3ailey and ~fuite (1970) have reported that move­

ment of atrazine is at an optimum in light textured soils. 

~-iOBILITY \ 
o 

10 

Triazine herbicides are considered to be rather 

i~obile in the soi1. Roadhouse and'Birk (1964) and Bauman 

a.nd \'li11iams (1966) tend to believe that atrazine i~ immo­

bile in the soil. Helling (1970) contends that such a 
-,' 

generalization must be tempered by recognizing that due 

to the fact that leaching is greater in sandy sail than 

in other soils, mobility differences do exist among in­

dividual triazinas. Helling et al. (1971) ~ave indicated 
o 

that the rnobility of s-triazine herbicides in soils is 

influenced both by soil and pesticide factors. 

LEACHING 

Herbicides when applied pre- or post-emergence are 



• 
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subJect ta severe leaching. Ledching tends ta affect hcrb-

icidal activity by the removal of the herbicide from its 

actlve site with lts subsequent transportation ta a region 

\vhere it is relatlvely non-functional. 

Upchurch and Pierce (1957 and 1958) have indicated 

that at least two steps are involved in the leachability of 

a herbicide - (1) entrance of the compound into solution, 

and (2) adsorption of the compound onto the soil particles. 

Entrance of the pesticide into solution can take place either 

~ '" 
from the dissolution of the pesticide present in p~rticulate 

form or from the pesticide present on colloidal surfaces. 

Several investigators have attempted to determine the amount 

of leaching which atrazine undergoes when app1ied as a herb-

icide. 

Montgomery and Freed (1959) found that the maximum 

concentration of C14 atrazine to be at 7-8" after 1eaching 

a Cheha1is sandy loam column with 12" of water during three 

days. 

Burnside et al. (1963) showed that in Rosebud loam 

plots higher concentrations of atrazine wer~'-~ below", 12" 

than in the upper 6" 1 16 ~onths after applicat~ Hart1ey 

(1964) is pf the opinion that the teAèhing of a herbicide 
; --

" into soil is influenced by the moisture leve1 of the 'soi1'~t 

-.. .. ~~... ... 
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, the time of applic3.tion and by cvaporati,on rate . 

Hëd:r~s (1966) showed that pesticides are 1eache<l te 
\/ 

~ 

a grcater degree in light teÀ~ured soils than ln he~er . . 
textured soils. Bauman and Hillrlms (19î?6) reported that 

within six months after field application of atrazine in ~ 

12 

~ 
Indiana, the herbicide had leached to 2-4", though most re-

mained at 0-2". 

LeBaron (1970) investigateà by means of soil residue 
, l, 

analysis, a number of soils WhlCh had been treated annually 

wi th trlazine herblcides for several years., He~und that 

cr 
levels of residues belmv the 8-12" depth seldom showed anv 

( "--

slgnificance excep~ in light textured soils with little org-

anic ffi:1tter and with high rates of triazine application T,.,~ich 

occasionally resulted in sorne accumulation at lower depths. , 
USE OF ~'lATER. 

. 
water appears to play an lmportant 'role in inf1uencing 

herbicidal a'ctivity. Hance et al. (1965) have indicated è'hat 

varying moisture content is 

G 

of herbicides in the field. 

a real factor in the behaviour 

:Lambe~ et O. (1965) hav~ re-

ported that sOlI moisture content influences the concentr~-

tian of pes~icides iri the sail solution, a factor of consid­
~ 

erable importance in the e:<pression of herbicid;:tl activity • 

\ 

Roeth et al. (19~9) found that by increaslng the 

\ 

\ 
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moisture content from 40% to 80% of field capùcity, six 

tiWGS a~~uch metabalism of atrazine ",as obt:nned. Atrazine 

\'las dcgraded'~o ta three times faster ln top soil compared 

ta sub-soil. LeBùron (1970) suggested that water can be use-

fuI in reducing or eliminating soil carry-over of triazines. 

Switzer and Kauser (1970) found that 2 lb/acre of 

-atrazine was detoxified in eight ,veeks under conditions of 

hlgh moisture content and temperature, while upder dry con-

dltl0ns the same rate caused oat inJury twelve months later. 

TE.\'!PERATUHE 

The role 9f ~emperature ln the re~Jlatlon of triazine 

activity in soils cannot be overemphasized. 

Kearney et al. (1964) su~gested tha~ fleld atrazine 

lasses may be significant under high sOlI Jemperaturs con-
" 

ditions. Bailey and White (1964) have indlcated that the 
o 

-S5lubillty of herbicides and adsorption oy soil particles 

:would bath be influenced by temperature. .lv!cCormick and 

Hiltbold (1966), Roeth and Lavy (1969) reported that the 

degradation rate of atrazine increased twu ta three fold for 
( 

e ~crease from 15° to 35°C. 

DE G rtL\DAT ION 

!Vlost pesticides -h'reak do·.vn quite rapidIy in our 
---- .. ...- ......... 

o ' 

( 

, 
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enVlronment . 
. () 

The 30il usually provldes the site for their 

conversion to small fragments. Pesticldes are reactlve and 

their degradation may be of a significance ln determining and 

controlling their persistence in the environment, and hence 

reducing their undesirable effects. 

, 1 

Degradatlve processés can occur either through biologi-

cal or non-biological pathways. The rate of retention of any 

,pE\\ticide in a 

by ~ several 

soil or other surroundings can be lnfluenced 

factors which affect their degradation. 

NON-BIOLOGICAL DEGRADATION 

Horrobln (1963) shm"ed t:;hat hydrolysis of chloro-s-

triazines occurred stepwise ,vi th replacement of one chlorine 

atom with hydrolysls speeding up with increas~ alkalinity or 

aCldity. . ., 
McCormick and Hiltbold (1966) found that atraztne 

hydrolysis followed a flrst order kinetics reaction in steri-

lized soil and in perfusion systems. Hydrolysis of atrazinè 

, 

occurred after 10 days in aqueous solution at pH 2 and 12, 

100 days at pH 4 and Il. 

These two authors found that soi1 pH and organic matter 

largely control the rate of atrazine hydroxylation and that 

hydrolysis océurs in strongly basic or acidic solutions • 
~ 

( 
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Harris (1967) examined the effect of temperature 

on the 10ss of atrazine in four scils. He identified the 

hydroxy derivative in mathanol extracts of soil as a de- . 

gradation product. Increasing soil ternparature from Jooe 

to 95°C greatly increased,the conversion of atrazine to 

hydroxyatrazine, whereas increasing the temperature of 

an aqueous solution of atrazine 'Nithou~ soil had only a 

slight effect. 

Skipper (1967) suggested that atrazina degrada­

tion is a direct checical hydrolysis rather than a result 

of microbial attack. Miorobial attack possib1y occurs on 

the side chain with a low rate of attack on the atrazine 

ring upon hydrolysis to hydroxyatrazine ~ith degradation 

decreasing with time.. Hance· (1967) r.:easured 'the non­

biological decomposition of atrazine and five other 

herbicides in aqueous salutior.s in two soils in a bento-

~) nite clay suspension. He round that ~~e half lire of 

atrazine was related to ternperature. It ranged in the 

bentonite suspension from ISO hours at 1070 C to 116 years 

at 200C. His concl~sion was that non-biological processes 

do not play an i~portant part in the 10ss of atrazine 

frorn the sail and that hydro1ysis of the s-t~iazines is 

pH dependent. 

Harris (1967) studied triazi~e'degradation in soils 

and found that approxiI:latel~r JO to 5C~ of tb~ chloro-s­

triazine ','/aS converted to t:te hyc!rcX}~ cc::mou.nd in $ \'1eeks 
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• at 30o C. This suggested that soil constituents cata1yzed a 

non-biologica1 hydrolysis reaction. Armstrong and Chesters 

(1968) seem to support the above author's view. Harris (1967) 

showed that the presence in soil of 200 ppm of sodium azide, 

a microbial inhibitor, had,little effect on the accumulation 

of hydroxy derivatives of atrazine, thus suggesting a mechan-

ism other than microbial degradation. Weber (1970) suggested 

that because of its pH dependence, non-biologica1 hydrolysis 

of s-triazines is probab1y an important process in relatively 

acid soils. HelPlng et al. (1971) believe that in rea1ity 

chloro-s-triaZlnes are primarily degraded by purely chemical 

means. 

BIOLOGlCAL DEGRADATION 

Kaufman and Kearney (1970) indicated that microbial 

degradation of chloro-s-triazine herbicide occurs by the 

N-dea1kylation route. Skipper and V01k (1972) reported that 

increased temperature, moisture and organic matter content 

of sOlls stimulate microbia1 degradation of s-triazine herbi-

cides in soil. 

PUU~T METABOLISM AND UPTAKE , 

• In considering the various factors involved in the 
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remova1 and dissipation of triazine herbicides from the s9il, 

the role 'of the plant should not go unnotic~d. 

Gysin and Knuesli (1960) reported that ch1oro-s­

triazines can be metabo1ized readily by corn. 

Sikka and Davis (1966) reported that corn as weIl 

as sorghlli~ were effective iri reducing the amount of 

atrazine recainir~ in the soil in bath field and greenhouse. 

st~dies. Recent ~ork seeos ~o suggest that atrazine is 

metabolized by corn an1 transformed into nan-phytotoxic 

water soluble metabolites (Shi~abtL~uro et al.) 1966). 

Shinabuk~ra (1967) indicated that the rate and 

pathways of atrazine Detabalis~ are important in determining 

the tolerance of plants to t~e herbicide. The pri~ary 

factor which seems to deteroir.e the tolerance of plants 

to triazine herbicides is the ability to degrade and de-

toxify the phytotoxic paren~ ~olecule. 

Shimabukura (196S) fo~~d that atrazine was meta-

bolized by corn ta non-phytotoxic hydroxylated compoun~s : 

and N-dealkylated rnetabolites. This ability of c0r.n to 

convert triazine ta a non-phyto~oxic co~pound is the basis 

of its herbicidal selectivity. The conversion of the-

2-chloro-s-triazines is catalyzed non enz1~atically by 

the presence of benzoxazincr.e in the corn plant. 

< 

Roeth and Lavy (1969) faund that the ability of corn 

" 

\ 
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roots and shoots ~o quick1y degrade atrazine to·hydroxy atra-

zine was undoubted1y very important in the toler3nce of corn 

to atrazine. Le Baron (1970) however contends that sever~1 

""J .. # 

investigators have fai1ed to find any significant advantage 
;r 

in a crop of corn to enhance atrazine dissipation. 

Frear and Swanson (1970) have shown that atrazine 
~ 

metabolism in corn is dependent on the activity of an enzyme 

glutathione-s-transferase. 

Shimabukuro et al. (1971) have shmvn that the primary 

factor for atrazine se1ectivity ln corn is the activity of 

the soluble enzyme g1utathione-s-transferase which detoxifies 

atrazine by catalyzing the formation of an atrazine-glutathione 

con]ugùte. While the non-enzymatic compound bénzoxazinone 

catalyzed the hydrolysis of atrazine to hydroÀ?-atrazine, 

the non-enzymatic detoxication pathway did not seem ta be 

essential for resistance. 

, 

'" '; 
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NATERlALS AND NETHODS 

Atrazine recovery studies were undertaken on an area 

of land of approximately eight acres situated near the upper 

lake (see map in Appendix) on the Macdonald coll~ Farm. 

This plot of land was tile drained. The soil type was a ste. 

Rosalie clay loam. Field run-off water from the plot fed 

into two tile drains, TD4 and TDs, respectively. Surface 

run-off water emptied into a weir adjacent to the most nor-

therly part of the field. Field run-off, tile drain and weir 

water aIl finally emptied into the upper lake. The field 

plot was subJected to standard agricultural practices, viz. 

ploughing, ,disc harrowing and "the annual appl~cation of a 

herbicide for weed control. Field application of fertilizer 

occurred just before'planting time in early spring. 

The corn varieties used in this experirnent were U.R.IOG, 

U.R.I08 and Pride 5. AlI seeds were pretreated as follows 

with (l) Diazinon ls%-Lindane (BHC) 25%, applied at a dosage 

rate of 2 oz. per bushel, (2) methoxychlor 0.37 oz. per bushel 

and (3) Vitaflo D.B. (R)*, a fungicide, at a rate of 2 oz- per 

bushel. The seeds had been pretreated by the seed company 

with captan, thiram and malathion at an unspecified dosage 

*See Glossary 
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rate. The rate, mode and time of application of Gardona (R)* 

and atrazina to the experinental plot t~o. 5 are summarized 

in Table 1. This plot of land was seeded on the 30th May 

1971. 

Table 1. Field ?reatments 1971-1972 

Pesticide 

Atrazine 

Gardona (R) 

Formulation 

~f'\' • 
::>\... .1 

DGsage per 
Acre 

2~ lb ac-cu3.1 

:·Iode of 
Application 

~ost-ecergence spray 

t lb D~~ acre - Sprayed on g weeks 
after planting 

The chemical name and struct,u~al fO~'11a of etrazine 

. . ...... l 1S g~ven 1n L1gure • 

Solvents used for soil, ~atar and se~iment analyses 

wera aIl Toxigraphic** grad? reagent~ and were obtained 

from Anachernia Chenicals Ltd., Cana1a. 

" 1 

" "- . 
6 

. l 
2-chloro-4-ethylauïino- -isopropylamino-s-tria~in8 

AT~Àzn;::: 

3) 
Ci'5N~IH:H-(C~l:1 

Figure 1. Cher.ücal nana ar.d structu;al for:lula of atrazine. 

* See Glossary. Gardona was applied S ~..reaks after planting 
tirne in 1971 and 1972. 

\ 

** A Toxigraphic grade reagent is qefir.~d as a reagent which 
has been glass disti~led, specia~ly.purified and con­
taining only one hall part per ~1110n residue and no 
interfering substances grea~er thar. !O parts par billion. 
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The ana~SiS and quantification of soil. watei and 

sediment residues were accomplished using a Varian 1400 gas 

chromatograph equipped with an alkali flame ionization detec-

tor, sensitive to phosphorus and nitrogen-containing compounds. 

A spirally coiled prass' column 5 feet long and 1/8 inCh dia-

meter was used. The solid phase was 1% OV-l on Porapack 30 

(100/120 mesh). 

SOIL SAMPLING 

In the first year (197l), soil sampling was undertaken 

• 
,~rn eight sampling sites and at two soil depths, (O-IO") 

and (lO-20 ft ). Two grid lines (see map in Appendix) 

300 feet lo~g and 300 feet apart were used as location guides 
f ..... ' 

for the soil sampling sites in the field. Four points, A, B, 

~,I C and D along each grid line were used as the 'soil sampling 

sites. A wa~ 40 feet from the field edge, B was 60 feet from 
- " 

- -J 
... 4~Ç:~) 

A, C was BO fee~ from B, and D was 150 feet from C. lndivi-

dual sampling sites wére called either LA or IIC, etc. depend-

ing on the particular grid line to WhiCh they belonged. Soil 

s<lll'pling was undertaken by the use of a soil auger. storage 

was in a refrigerator at -20o C. Soil was stored in 400 9 

Mason jars. Sampling was ullaèrtaken as follows: The first 

day, after herbicidal application, a week after, two weeks 

after and subsequently every month until'October 1971. In 
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the following year (1972) sampling sites were selected 

slightly differently. pive sampling sites were chosen on 

each of two grid lines A and B, respectively. These areas 

were designated as ,Al or B2 depenàént on which of the two 

grid lines that t~ey were located: Samples were taken at 

0-10" depth one day after herbicidal application, 3 days 

after, l week after, 2 weeks after, 3 weeks after and subse-

quently every month until September lQ72. , 

WATER SM-1PLING 

Water samples were taken at the same sampling inter-

vals as the sail samples. Sampling sites for water collec(; 

tion were the tw~ tile drains, TD4 and TDS, respectively, an 

adjacent weir; upper and lower portions of the upper lake on 

the Maédona14 College Farm. Water was stored in 2-1itre 
~. 

f1asks at 200 e in a co1d room. 

SEDlME~~ SAMPLING 

No speciàl attention was paid ta eit~er lake bottom 

or ti1e drain sediment in the first year (1971). Sarnp1es 

were taken from the t·NQ tile drains TD4 and TDS, and from 

other areas situated in the upper and lower portions of the 

upper lake (see map in Appendix). Sediment samp1es were 

stored in a refrigerator at -20°C in 400 g Masan glass jars. 

-
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AtLqLYTICAL PROCEDURES 

SOI1 EXTRACTION 
) 
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Soil extraction of atrazine has been reported by 

various workers, Roadhouse and 3irk (1961) J r:lcGlamery ~ 

al. (1967) J Mattson et al. (1970). For the atrazine 

recovery study, the method of f.!attson ~et~i ~-n970) was 

adopted with siight modifications. Two solvent systems 

were used. In the first year (1971), an acetonitrile­

water mixture (90:10) was used. The fo1lowirig year 

(1972), a methano1-water mixture (90:10) was used because 

it gave better recovery values. 

Two hundred millilitres of a methanol-water mix-

ture (90:10) was added to 100 g of air-dried soil in a 
.. 

Waring blender jar. The mixture was blended for 5, minutes 

and a1lowed to stand overnight. This was subsequently 

reblended the follo·~ng day, filtered, the supernatant liquid 

transferred to a 500 ml flask and then evaporator. The 

solution remaining in the.flask was then transferred to 

a 5eO ml separatory f~el. This was diluted by the 

addition of 300 ml of water, then 25. ml of saturated 

sodiQ~ sulphate solution. 

Extra~ion of this reaction mixture was carried 

out by using two 25 ml portions of methylene dichloride. 

The a~us layer of thi~ reaction mixtur~ was discarded. 

The solvent layer was dried 'with sodium sulpnate and 

evaporated te about 5 ml and allowed to stand for subsequent 

colunn clean up. (See under sedimentand soil samples). 
, 

\ 
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T/TATER EX'iitACTlm: 

The reethods of Abbot et al. (1965) and Tindle et 

al. (196$) were used with codifications for water extraction. 

Three hundred millilitres of water were nlaced in a 500 ml 

separatory funnel. To this ~as added t~o 50 ml portions 

of a )0% diethyl ether methylene dichloride solution. 

This was allo~ed to stand for about two hours altogether. 

The aqueous layer after extraction ~as discarded. The 

solvent layer was dried with sodi~ sulphate and then 

evaporatad to about 5 ml on a 3uchl3r flask evaporator. 

The eluate was then transferred to a t9st tube (130 x 10 ~~) 

by means of a fine pipette using 5 nI of acetone in small 

portions and stored in a refrigerator for analysis by gas 

liquid chromatography. 

The netr.od used for the extraction of sediment 

samples was si~lar to that used for soil analysis, save 

for a few modifications. 

One hundred grams of air-dried sedicent caterial 

was placed in a blending jar. To t~is was added 50 ml of 

methylene dichloride. This was allo','Ie1 to stand for" two 

hours. The solvent layer was re=oved and a further 50 ml 

of methylene dichloride were added to the jar. The two 

solvant 1ayers \iere then co~bined, dried "tiith sodium 



) 

sulphate and,evaporated to about 5 ml using a Buchler 

flash evaporator and then stored for subsequent column 

clean up. 

(/ 

'Ilater Sa'Ylples 

'. 
, CO LUM}; CLEAN UP 

.' 

Analysis of ~ater samples by column clean up was 

found to be unnecessary. Abbot et al. (1965) and Tindle 

et al. (196à) found that the amount of coextractives in 
, 

water was negligible. The values for samples subjected to 

colurnn clean-up ~ere found to be not ~ignificantly 
\ 

different, hence the lack of need for clean-up of the 

watar samples. 

Sedi~ent and Soil Samules 

, , 

Similar procedures were followed for column c~an-up 

of soil and sediment samples. \'1oelm basic alumina 

~ctivity Grade V, viz. gl% Aluminium oxide-l9% water were 
f 

//used as the solid support. A glass wool plug was placed 

at the bottom of the glass column. A Pyrex tube (20 mm 

ID x JO cm) fitted with a glass joint (24/40). Twelve 

and a half gra~3 of Noalm at the top and a Teflon stop 

cork (2 mm bore) at the elution end was used to support 

the column, alumina were then added. The column was tapped 

gently to settle the packing and a glass wool plug was 

placed on top of the alumina. The sample was transferred 
/ 

quantitatively to the col~~n using two 5 ml portions of 

carbon tetradhloride. ~'I'hen the last fi ve ml portion had 
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just penetrated into the alumina, a'further 50 ml of 
" 1 

carbon tetrachloride was added to the clean-up c~lumn. 

Tfiè eluate was discarded when the carbon tetrachloride 

just disappeared into the glass wool, 50 ml of a 5% 
/ 

diethyl ether in methylene-dichloride was added to the 
~ .. ' . d 
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~ol~~n~ The eluate was collected in a 1,000 ml distilla-
1 

tion flask, then evaporated using a 3uchler flash evapoTato~ 
.. 

and then transferred to a test tube by means of a fine 

ùpipette using 5 ~ of acetone in seail portions and ailowed 

to stand for analysis by gas liquid crIo~atography. 

\ . 

) 

J' / 
( 

\ 

" 

1 • 
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GAS LIQUrD GHRor-tATOGRAPHY 

, 
l ,'" 

The carrier.gas used in the~Varian 1400 gas chroma-

tograph was nitrog~n. The flow ratè of this gas was )0 ml/ 
, 

minute ± 5 ml. The flow of hydrogep and air ~as adjuste~ 

. 'éach day with n%edle valves on the instrument to give 

maximum sensitivity. The colucn temperature was 200°C, 
• ? 

injection port te~perature 225°C, with detection temperature 

at 250°C. Before injection, samples which'were allowed 

to stand after column clean-up were carefully evaporated 

just to dryness using nitrogen. Sarnples were subsequently 

diluted by adding 0.1 ml of acetone. One micro-litre of 

each sample was injected into the gas chromatograph USi~: 
a Hamilton microsyringe. Duplicate injections of each 

sample were made. A Honeywell strip chart recorder was 

attached to the gas chromatograph. 

Individual peaks were identified by reference to 

quantitative standards supplied py Ciba-Geigy Canada Ltd. 

Unknown sample~ were subjected to gas liquid phase chroma­

tography under the same operating conditions as the re-
(~' 

ference standards. Peak areas were determined by the peak 
t 

height nethod. In order to maintain constancy in the opera-

ting conditions for sample analyses, standards were run 

on'an hourly basis along with unkno\~ samples. Soil 

residues in parts par 'million were calculated using the 

equation based on work described in the Canadian Food and 

DruP': Directorate Pesticide Analytical l\ianual 1969. 
,J 

\ 
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<, • 

ppm ~ sample -peak hei~ht x vol. of samole x ng of std./iniection 
std. peak height injection vQl. weight of sarnple 

• fm x ml of samole x ng standard/injection = ug 
t c:n ul of sample g g 
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RESULTS 

The data presented her~ represent values obtained for 

sail samples for the two years 1971 and 1972, respectively. 

SOIL RESIDUES 

l'lean values for different sampling dates are presented 

in Tables 2,and 3 for 16 and 10 locations ln 1971 and 1972, 

respectively. 

. 
Day one, 1971 was the day on wh:i:ch sail samples were 

taken befo~e application of the herbicide (Table 6). Day 13 

was the day on which the sail was treated that year. Day 

zero in 1972 was the day the soil samples were taken before 

.-# 
application of the herbicide (Table 6). Day l was the first 

sampling date following sail treatment (Table 3). 

The highest concentration of atrazine was obtained in 

the 0-10" sail layer, seven days after application in the 
, . 

first year, and three days after application in the second 

year (Tables 2 and 3). Twice as much atrazine was present 

the day after treatment in the 0-10" sail samples in 1972 as 

\vas present in corresponding samplas in 1971 (Tables 3 and 2). 

The hig+test value obtained for atrazine in the 10-20" sail 

rayer \vas on day 21 in the first year (Table 2). \ No v~lues 
29 
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TQble 2. Atrazine (parts/million) i~ the soil of F1cld No. 5 Macdonald Co1lege Farm 1971. 
AtrQzine in the soi1 of Field No. 5 nt different locations. 

Day Sampling Samp~e Locations 
No. Date De,EtYr I1\ . lB lC lD 2A 2B 2C 2D l\1ean 

14 10/6/71 0-10" 0.098 0.078 0.059 0.103 0.030 0.097 0.293 0.080 0.lU5 
10-20" (0.001 1...0.001 1..0 • 001 0.043 1..0. 001 (0.001 (0.001 (0.001 0.005 - , 

21 17/6/71 0-10" 0.029 0.400 0.230 0.330 0.070 0.061 0.070 0.038 0.154 
10-20" ~. 0.096 0.049 0.025 0.109 0.027 0.014 0.119 0.017 0.057 

36 2/7/71 0-10" 0.010 0.080 0.022 0.042 0.378 0.010 0.011 0.002 0.069 
10-20" 0.026 0.010 0.008 0.004 0.135 0.002 0.002 0.001 0.024 

61 27/7/71 0-10" 0.003 0.002 0.004 O.OOG 0.004 0.006 0.004 0.004 0.004 
10-2g 0.004 ZO.OOl 0.()04 0.002 0.001 0.002 0.001 - 0.002 0.003 

69 4/8/71 0-1·~'0.002 0.049 0.003 0.003 0.002 0.003 0.001 0.042 0.014 
10-20" 0.006 0.014 0.035 0.004 N.S. 0.004 0.002 0.008 0.012 

80 15/8/71 0-10" 0.003. 0.002 0'.002 0.001 0.001 0.001 0.001 0.001 0.002 
10-20" 0.002 N. S. 0.002 0.005 0.012 0.005 0.003 0.012 0.006 

96 31/8/71 0-10" 0.001 0.001 0.001 0.003 0.002 0.003 0.002 0.002 0.002 
10-20" (0.001 1..0.001 0.008 0.001 (0.001 0.001 0.002 ~O. 001 0.002 

116 20/9/71 0-10" 0.008 0.008 0.004 0.010 0.009 0.010 0.006 0.006 0.009 
10-20" (0.001 0.002 0.003 0.Ob3 0.003 0.003 0.005 0.007 0.003 

146 20/10/71 0-10~1 0.027 0.004 0.003 0.004 N.S. 0.004 0.002 0.008 O. (J07 
10-2~1 0.002 0.002 La. 001 0.001 <.0.001 0.001 <.0.001 0.002 0.001 

N.S. = Not sampled. 

1.. 0 • 001 (p~rts/mil1ion) = ~n amount less than the detection limit of 0.001 ppm. 

w 
o 

"-
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Table 3. Atrazine (parts/million) in the soil of F~eld No. 5 Macdonald Co11ege Farm 1972. 

Atrazine in the soil of Field No. 5 at diffcrent locations. 

Day Sampling Sample Locations 
No. Date DeEth Al A2 A3 A4 AS B1 B2 B3 B4 ' B5 

1* 24/5/72 0-10" 0.938 0.212 0.397 0.186 0.274 0.205 0.014 0.085 0.389 0.285 

3 26/5/72 0-10" 1. 045 1.139 0.201 0.354 0.900 0.562 0.062 0.321 0.446 0.113 

7 30/5/72 0-10" 0.249 0.027 0.049 0.069 0.041 0.222 0.004 0.278 0.057 0.243 

14 6/6/72 
\ 

0-10" 0.063 0.027 0.040 0.039 0.112 0.108 0.077 0.023 0.012 0.015 
'II 

21 13/6/72 0-10" N. S: N. S. N'. S. N. S. N. S. N.S. N. S. N. S. N.S. N.S. 

28 20/6/72 0-1' 0.141 0.082 0.406 0.052 0.021 0.119 0.145 0.059 0.118 0.094 

58 20/7/72 0-10" 0.135 0.174 0.134 0.044 0.009 0.110 0.021 0.177 0.077 0.031 

93 24/8/72 0-10" 0.013 0.010 0.011 0.009 0.035 0.013 0.015 0.007 0.033 0.115 
0 

l:28 28/9/72 0-10" 0.031 0.016 0.047 0.020 0.007 0.008 0.016 LO.OOI 0.058 0.076 

N.S. = Not sampled. 
, 

*One day after herbicida1 application. 
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were obtained on day 21 in the second yea~ (Table 3). This 

, . 
was a 'restllt of a severe thunder and rainstorrn which pre-

'j vented completion of the sampling. The residue data in the 

0-10" soil layer for bath years for the 1ast sampling dates 

show four times as -much atrazine present in 1972 as was pres-

ent in 1971. There was a greater penetration of atrazine 

into the 0-10" soil layer during the early part of the second 

year than in the corr~sponding period of the first year 
1 

(Tables 3 and 2). Concentration of residues in parts per 

million plotted against sampling dates in the first year for 

the 0-10" and 10-20" soil layers are presented in Figure 2. 

The curves for resid·ues in the 10-20" sail layer follO\., 

a pattern similar ta that obtained for residues in the 0-10" 

soil layer (Figure 2). Tne highest residues for 1972 appear 

on day 3 (Figure 3). The residue pattern in the second year 

was similar to that for 1971 (Fi~ùres 2 and 3) . . 
The total amounts of residues were deterrnined for 

each rnonth during the sampling periods. These values were 

arrived at by totalling the means of residue values obtained 

for each of the 10 or 16 locations for each sampling date 

for each'month and expressing them as nonthly totals versus 

total residues for the year. The frequency distribution of 

soil residues in parts per million versus monthly tota1s for 

the bvo yearc; are indicated in Figure 4. '~~ histogram shows 

\ 

1 
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th~t the highest residual conèentration of atrazine occurre~ 

in the early part of 1972 in the 0-10" sail layer. The 

amounts of atrazine decreased progressively from May until 

August, then the levels remained relatively constant from 
• 

August until the end of the sampling time. Residue decrease 

---in 1972 in the 0-10" soil layer followed the same trend that 

was observed in 1971 (Figure 4). There was a high value in 

Nay followed by a decrease in values until August. In the 

10-20" soil layer in 1971 most atrazine was found in the 

month of May. 

AlI residues tended to be much higher on certain samp-

ling dates than on others (Figures 2, 3 and 4). Measurement 

of actual rainfall on sarnpling days (Table 4) indicates little 
1 

relationship with total amounts of residue. However, when 

monthly rainfall (Figure 5) is compared with average residue 

found in each month, it appears that rainfall is correlated 

wlth high detectable residues. 

The level of residues present on the experimental plot 

before application of atrazine in 1971 was determined by 

analysis of soil samples taken prior to sail treatment. This 

proce~ure was repeated in the s~cond year. The abject was 

to determine if climatic factors influenced accumulation of 

re3idues at different soil depths. The data obtained for the 

soil sample analyses prior ~ treatment in successive years 
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• Table 4. Rainiall on sampling days 1971-1972. .. 
Rainfal1 Rainfal1 

Day Sampling In Inches Day Sampling. In Inches 
1 

1 No. Date art Same No. Date On Same 
Date Date 

1 27/5/71 t- 20 
1 8/5/72 0.10 

~ 

14 10/6/71 .04 14 6/6/72 0.29 

21 17/6/71 6.20 21 13/6/72 0.08 

36 2/7(?1 0.02 28 20/6/72 0.30 

~ 
61 27/7/71 0.31 58 20/7/72 0.70 

,." 
1'\. .', 

69 4/8/71 0.03 93 29/8/72 0.30 

80 15/8/71 0.25 128 28/9/72 0.14 

96 31/8/71 0.06 

116 20/9/71 0.29 

146 20/10/71 0.01 

fi: 

• 
/ 
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are presented in Table 6. The residue levels prior ta 

treatment were not significantly different in 'the uo years. 

Acèumul*.tion of residues in the 0-10" and 10-20" sail layers 
(1 

in the first year was weIl below tfte detection limit for 

sail samples analyzed during the course of this study. 

Limit of Detection 
( 

" Each ~s chromatograph has its limit of sensitivity 

ta each compound being detected. ?or the purposes of this 

study, the instrument used was an alkali flame ionization 

detector. The minimum detectable peak was taken as three 

times the noise level. Noise level can be best defined as 

the variation in the baseline of a chromatogram drawn by a 

recorder pen relati',e to the peak height value obtained for 

a particular sample. This was found to be Imm. For a con­

centration of 0.5 ng of atrazine, a peak height of Jmm was 

obtained, and thls was taken as the minimum detec~able 

quantity. Using the equation for p~ts per million (see 

page28 ), the peak height values could be substi tuted along 

with typical values for other quantities e.g. 100 gm wt. of 

sail, and 1 ul sample injection volume, ta arrive at a de­

tectfon limit of 0.001 ppm for sail sa~ples. The limit of 

detection for sediment and water sanples was obtained by the 

sarne method as above "and was found to be 0.0001 ppm. An 
1"" 

explanation of "noise leve1" and the "limit of detection" can'" 

be best obtained by referring ta the work of Tindle et al 

(1968) and Mattson et al (1970). 
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'~he paraweters used in the dète~ination of atrazine 

residues in parts per million had errors associated with 
o 

them~ The term "error" for the purposes of this st'..lè.y must 

not be considered as an error in the t~~e statistical sense. 
, 

Errors obtained d~ring the study ~ere either given by manu-. 
o 

factu::--ers for their equipment, ,e.g. syringe injection volume 

error, or pipette volume error, or ba1~nce error, or others 

were based on er~ors i~eren~ in sever21 ~anipulations, e.g. 

measurement of Deak h:dghts. èrrors as'sociated with equip-

ment, e.g. rnicrosyringes, 0::-- weasureoants, e.g. ru1er 

measurements of pe2k he1ghts are s~~a::--ize1 i~ ~ble 5. 

----~ Fractio~al errors for aIl t~e p3::--a~eters s~~died, and the 

"'" overall rractional error are a1so included in this table. 

For an understanding of overel1 :ractional arror, a dis-

cussion of this su~ject c~ be found in 3rink~orth (1971). 
~" 

Table 5. Values for the esti~aticr. of fractional error 
for soil residues 

Cverall 
~;ormal Frac~ional Fractional 

Paraneter ,... ...,..J l·.agruvu ... e Erro!' E::--ror 

GLC sample volume 0.50 ml ::0.010 cl O.C20 

GLC sa'llple weight 100 cr :=O.lg D.COI 0 

GLC injection 
volu.'!le 1.0 '..11 ±0.C25 u1 0.C25 Q.001 

GLC std. peak" 
height measure-

, ment ).0 C::l :0.C2 C:1 C.C07 

GLC s3mple peak 
beight neasure-

;TJ.ent. 2.0 c~ ±O.O2 cm C.CIO '-
J 

GLC std. peak 
quantity 2C.C ng ;O.Oô ne O.C04 '=' 

• 

~ 
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Table 6. 
~ 

Atrazine (parts/million) in soil before,app1ication of h~bièides 1971-1912. 
Atrazine'at different locations Macdonald College Parm. ' 

~ 

Day 
No. 

1 

0 

# 

'Satnpling 
D~te 

27/5/71 

f 
( , : .. 

8/5/72, 

N.S. = Not sampled. 

, 
Atrazine (Parts/million) 

Samplil:'-g T~-~- uLocations 1 1 

De.Rth ~ ___ ~_~~l~ ____ J..~~~~JC~ __ lD__ __ 2A 2B 2C 2D 
,0-10",) N.S. N.S. (0.001 (0.001 (0.001 (0.001 (0.(001 (0.0(;)1 

10-20" N.S. N.S. (.0.001 (0.001 (0.001 (0.001 (0.001 (0.001 

"" 

0-10" 0.008 0.007 0.002 (0.001 {O. 001 (0.001 (0.001 0.002 

10-20" (0.001 0.002 0.002 <.0.001 <0.001 <0.001 (,0.001 <.0.001 

'(0.001 (parts/million) = limit of détection. 
) ! 
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'Phere were trace auùntitles of atrazine residues l.n 
/ . 

the 0-10" lùyer in 1972. The maJor pqrtion of atrazine was 

found to be in the upper soil l~yers. 

rI 
D~scussion ." , , 

Rainfall and temperature are two factors which are ,' • 
..... "1"'~ 

import~nt in determl.ning the r~te of so~l penetration and 

the persistenco of atraz~ne. The data fo~ sail res~dues and 

amount of rainfall for the two sampling years suggest that 

there ex~sts sorne relationship between increased rainfa11 

and increased detectable residues. i'lhen compared on an 

ann;wl bùsisb, eight more l.!:.ches or Fun w~re recorded in 1972 

than in 1971. This l.ncreascd rai~l favoured a greater 

amount of leac1lir..g of th2 p2sticide to the 10" soil layer in 

1972 àccount~ng for h~gher r0sidue values. Figure 5 shm .. .js 

that there .as a rùinfall peak in Sept0~ber of 1971 which , . 
coincHled ,·,ith 2-D increase ln res~dues ooth in the 0-10" and 

.. 
10-20" s0l.1 layers. lncreùsed rair.fall in uun2 1972 favoured 

an lncrease in the a~ount of detected residues (Figure S, 
~ , 

Table 3). Furthermore, an incre~3e ln rainfall throughout 

the early part of August 1971 followed by an increase in resi-
\l 

due? (~lgure ')) can be e::p la lned .-:15 a rcsu l t of the much 

\ 

drier cond.l.tl.ors that pre"ailcd 'dhen the s:t:rl.ples we::::e taken. 

WJ,th .l.ncrcas~d f'l8isture cor.ditlons on ddj 69. thcre was an 

/ 
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increase in d~tectêole residues. 

The question may he asked ~hy ~as the~e such a big 

difference between the residua1 aoounts of atrazine obtained 

in the two years. The on1y logical explanation lies in the 

fact that there ~ofere much better ::loisture ::or.~itions in the 

second year as revealed by t~e rainfêll figures in Table 7. 

The crop cover an1 the temperature range ~~re the same in 

both years, ~o that volatilization should have been equal1y 

affected by the large surface area of the co~!"l. leav.es.. and 

the close plant spacing. 

The coisture cc~ditior.s in 1972 defin~tely favoured 

greater herbicidal acti vit Y in the field. :',nen one considers 

the li~ited solubility of atrazine. viz. 70 parts per million, 

the greater abur.da~ce of water wou1d be exnected to in­

crease the chances fi obtair.in5 ~o~e in the soil solution. 

At l~ast tWQ and a ~lf ind:es of rain .... /ere recorded each 

I:lonth ifi 1972. The low resid~e3 of' atrazi:J.e' in 1971 ~"Iere 

the result of several facto~s. Low rai~fall, and the 

consequent low level of soil ~oisture probably resulted 

in sorne reduction of herbicide dissolution ani rnove~ent 

in the fiel~, an~ nro~oted retentio~ of the herbicidè as 

d · . 1 rt° 1 an a soroate on tne c ay pa 11c~es. Th~s e.:"'fe::t was 

magnifi ed in the Ste. Rosalie clay sail wr.ich \-'°as bct~'1een 

)6 and 5a per cer.t clay or. the :lacùcr.al(! College Far:n. 
-........ \ 

t 
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Table 7. Monthly tcmperature and rainfall 1971-1972. 

.. 
Temperature RainfClll 

Month lIT OF YC.:1r In lnchcs Month 

May 65.3 197:). 1. 56 f'.1ù.y 

June 76.3 1971 1. 56 June 

July 78.0 1971 1 2.50 July 

August 75.8 1971 3.89 August 

Scptcmbcr 71.5 1971 5.21 ScptcwDcr 

~ 

October 60.7 • 1971 1. 26 

-' 

,... 

- ...... -

• 

,r. 

'l'emperature 
in op Ycar 

67.4 1972--

71. 9 1972 

77.7 1972 

71. 0 1972 

68.7 1972 

• 
Rainfall 
In Inchcs 

2.32 

5.41 

7.29 

4.10 

2.46 

J!. 
~ 

" 
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The disappearance curve for atrazine residues on a 

monthly b.,is ('igure 4) and during sampling intervals 

(Figures" and J) suggest that the rate of atrazine 10ss 

varies with time. 

In the literature, LeBaron (1970) has pointed out 

that triazines are quite resistant to leaching in heavy 

textured soils, and that residues seldom show significant 

levels below the 8-12" soil layer ,_even when treatment 15 

repeated. Soil residues in the 10-20" soil layer for 1972 

seern to be in agreement with this suggestion (Table 6). 

Cold wintry temperature~, couoled with spring rains did 

not seern to contribute to the accumulation of residues in 

the 0-10" soil layer, or even in the lower 10-20" layer in 

the early part of 1972 (Table 6). The values for atrazine 

in the 0-10" soil layer in 1971 were very small, varying 

from 0.057-0.001 parts per million. On the other hand, 

Bailey and White (1970) are of t~oPinion that th~ t~~-
• 

amount of rainfall and frequency of received water affect 

movement of soil·pesticides, and that in heavy textured 80 S 

atrazine leaches less readily than in lighter soi1s. Although 
, . 

'" the soil ot the experimental plot was of the heavy clay type, 

the abundance of rainfall and increased 80il moisture content 

in 1972 favoured t~e leaching of the pesticide into the 

0-10" soil layer. This'account~ for the high residue 

levels that were obtained • 
.." .... 
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In considerlng the effect of atrazine applied ta the 

sail, excess rate of application wust be distinguished . 
from dosages used in,PFactice. 3t~dies are usually 

variable. This, in part, is dependent on sail type and in 

most cases on environmental factors. The results obtained 

for residue analysis indicated that if the compound was 
\ 
\ 

applied to thè\ s~il at dosage of 2~ lb/acre, the amount of 
\ 

the compound wh\Ch was recovered as its parent rn~lecule was 

very srnall. Thi\ indicated that persistence of this com-
\ 1> 

pound was no; very, warked. Nevertheless, adequate weed con-
\ 

trol was attained. \ 

One important~int which sho'üd nc:t go unnoticed is 

the inherent ability ~ the corn plant itself to contribute 
\ 

ta the degradation of this compound. Sorne analyses of plant 

rnaterials were undertaken and the results obtained revealed 

that the amour.t of the parent molecule rernaining within the 

. plant itself, e.~.·, the leaf sheath was negligible. Shima-

bukuro et al.* 1967ïl968:1969ïl970ï19ïl} have recognized 

this facto The nature of the co~?Ound itself is a contri-' 

butory factor in determining its relative persistence. Be-

cause of its lirnited solubility and ability to be adsorbed 

by clay material, the greater the a~ount of moisture present, 

the greater was its nerbicidal activity. This is apparent 
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from a look at the rainfall figures during the course of 

this study (Table 7, Figure 5) where recovery of herbicide 

res idues was correlated wi th increases ih sail moisture \vhich 

enhanced leaching into the lower soil layers. 

RUN~OFF RESIDUES 

The values obtained for run-off water for 1971 and 

l 71 are contained in Tables 8 and 9, respectively, and are 

ve . variable. The highest residue value obtained for tile 

drai~ No. 4 was in June, one day after spraying. This ab­

norma~Y high value does not reflect a' true picture for run­

off resïdue and appears to have arisen from accidentaI ~ift 

to this particular ditch. The highest value obtained 

·.,~L7(!_ . 
durlng he course of the sampling year was from the weir on 

day 116 (Table B). This was the only value obtained from the 

weir throughou. the entire s~pling period in 1971. Apart 

fram day one, wh en no sample was taken, the rest of the time 

the weir remained dry. This is very significant, as it iI),di-
.l , 

cates that surface run-off from this field was minimal ta ',,- .. 
l, 

almost negli~ible in 1971 and could not have contributed ta 
" 

any great extent to the total residues obtained for run-off 

\v3.ter . 

The residue values obtained in June and July for tile 
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Table 8. Atr~zine (parts/million) in lake and field run-off water Macdonald College Farm 
1971. Atrazine from different locations. 

Atrazine (Parts/million) 
Locations 

Day Sampling Tile Ti1e Lake Lake 
No. Date Drain #4 Drain #5 (N'West) (S' West) Weir Mean 

1* 27/5/71 (0.0001 (0.0001 N.S. N.S. N.S. 

14** 10/6/71 (0.0001 0.038 N.S. N.S. Dry c- . 

21 17/6/71 T T N.S. N.S. Dry . . 
.-

36 2/7/71 T T N. S. N. S. Dry 

49 15/7/~ (O. 0001 ~O. 0001 (O. 0001 N.S. Dry 

" 61 27/7/71 (0.0001 1..0.0001· (,0.0001 N. S. Dry 
, -.r 

69 4/8/71 0.001 (0.0001 <.0.0001 -
T Dry : 

~ __ r~ 

80 15/8/71 (O. 0001 {O. 0001 '~~:002 T Dry 
\ ... 

'96 31/8/71 (0.0001 0.002 0.001 (0.0001 Dry 

116 20/9/71 1.0.0001 0.001 T 0.001 0.003 

146 20/10/71 (.0. 0001 O. 001 T ~_OJLQ1_ Dry 
*D~~ samp1ed before herbicidal application. N.S. = Not sampled. 

**One day after herbicida1 application. T = Trace, represents range 0.0001-0.001 
(parts/million). 

{O:OOOI • An amount less than the detection 1imit of 0.0001 ppm for a 300 ml volume of 
(parts/ water sample. 
million) 

~ 
œ 
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Table 9. Atrazine (parts/million) in lake and field run-off water Macdonald College Farm 
1972. Atrazine from field and run-off watcr at diffarent locations. 

Atrazine (Pnrt~Lmil11QD) 
Locations 

Day S<:tmp1ing Ti1e Tile Ljke Laké 
No. Dat"à Drain #4 Drain fiS (N'West~ (Slwest~ Weir 

0* 8/5/72 1..0.0001 1..0.0001 lO.OOOl or <.0. 0001 
c-

l'" 24/5/72 1...0.0001 (0.0001 (0.0001 1..°.0001 Dry 

3 2-6/5/72 T (0.0001 T T Dry 

7 30/5/72 {0.0001 {O. 0001 T T Dry 

14 6/6/72 '1' T T T (0.0001 

21 13/6/72 '1' '1' T 0.002 T 

28 20/6/72 T T T T Dry 

58 20/7/72 T {0.0001 lO.OOOl T Dry 

93 29/8/72 T T 'r ,{O. 0001 Dry 

128 28/9/72 T <0.0001 lO. 0001 ____ '1'__ _ Dry 
*Day Zero "rcprcsepts sampling-tf.me- bafora horbicida1 applicatio,n. 

T = Trace, represents the range 0.0001-0.001 (parts/million). 

(0.0001 (parts/million) = An amount less than the detection limit of 0.0001 (parts/million) 
for a sample volume of 300 ml of water. 

'" 
t 

~ ) 

~ 
\0 
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• :'0 \' ~:.t.eL s,-t:nples \Ter~ takcn from the b'IO L:ü:e sampling .:lr2êts. 

f{O-.:2--er 1 for d b2tter .:J.nd more meaningfu1 monitoring s~lldy 1 , 

t"!-l.::! Llke \vas sampled throughout the rest of the samp1ing per-

io~ of 1971~ Sampling was continued in 1972. The greatest 

a~o~nc of atr~zine f~und in tile drain 4 in 1971 was On d3y 

69. T::12 resldues rCffi.J.ined constant from day 80 unti1 the end 

of ~~~ samplirg tillie (Table 8). The highest val~~ obtained 

for elle dr:J.in 5 ".Jas on day- 96 _ This fell to a value \'/hich 

~h~ hlghest value for the most northerly p3rt of the 

la'~c -rl.3S obtained on day 96 tTable 8). This decrc.ased stead-

il~- '..1:>~il d3.y 116 after '"rhich tlme trace quantities were 

ob~~~:,ed till the end of the sampling year. The highest 

value -for the souther1y part of the lake \Vas on day 116. 

, 
'înis i:alue decreased until the end of the sampling period 

(':::'a"":::lla 8). The highest residue in 1972 \'/dS on day 21 tTab1e 9), 

but this was lower than sorne figures obtained for 197 L 

Unlike ~e previous year, trace quantities of atrazine 

' . ..-ere 0b~ained from day 14 ta day 128 in 1972. No residues . \ 
";2!:'"3 ~~i.:2cted :o~ tile drai.n 5 from da.! 1 to day 7. Trace 

" C' . .!::.:--_\: ~ '::~ es '.·lere o1Jtaineâ from day 14 ta dl\y 28. There 1i.'ldS 

• < , 
:::'2:-', -'. c1<.:!crC2sè i.n residue levels on day 58 vTith a subs€Wlent 

!:"l:,2 ;):~ d3y 93, iollmlcd by ~ decraa!]e ti'll the end of ~ne 



• 

• 

sampling perlod. Trace quantities for-the northerly part of 

the la~<:e were obtained during aIl sampling intervals save on 

days l, 58 and 128. ,The highest value obtained for the south-

eastern part of the l<1ke \Vas on day 21 (Table 8). Trace 

quantities of atrazine were obtained there on aIl sampling 

dates except days land 93. 
1 

The weir remained dry throughout the entire sampling 

perLod save day 21 (Table 9). This was consistent with what 

W3S observed in 1971. Concentration of residues in parts 

per ~illion plotted against sampling days in the first year 

are ShO'.VD in F~gure 6. A similar plot of concentration resi-

dues in parts per million against sarnpling days was made for 

the second year (Figure 7). 

An attemr>t was made ta determine the tot:al aIIlCunts of 

residues which were present in any givdn month. These values 

Nere arrived at by totalling the residues obtained for each 

of the four sampled locations, at each sampling pariod for 

the particular month and expressing ~hem as monthly totals 

versus total amount of residues for the year .-~e frequency 

distribution of water run-off residues ve~sus monthly totals 

for the years 1971 and 1972 are indicated in Figures 8 and 9, 

res pGct i vel y • 

The histogram for 1971 shows that the highest concen-

tration of residues was obtained in August in aIl sampling 
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! 

This WClS fo 11mved by h igh concentrat~ons for thrce 

samP linyre..1s ln September \ (l'igure 8). Unlike] 971, when 

the h~st concentr21tion or residues was obtcll.ned ln August, 

the histogram for 1972 shows that the hlghost residue con-

centration was obtalned ln June ln aIL sampling areas. 

J 
DiScussion 

There WdS il much greater re~o'iery of residues from 

aIL the sampl~ng 21reas in 1972 than in 1971. Perh~?s this 

can he cxplnined by a look at the rainf311 figures for 1972 

The ::tmount of ralnfi:tll WhlCh was recorded ln 

June \~'=i3' 5.41 1ncts. Th~s vllllle coincided Wl th the hlghest 

amount of detPected resldues for the I:1onth of Jun~ ln 2111 

samp1lng 21reas (Flgurc g). '1hlS h.1.gh amount of r;;ur'-fall 

cau~~d greater pestlcide penecratlon into the lower soil 

layer ê'lnd hence its presence in run-off , .... ater. S1.nce atra-

<> zinc 1.S 11mited in l.ts solubility, the more abur'd:mt rainf::ül 

incre21sed its dissolution ln the SOlI W3t2r and thus affected 

i ts transportation in run-off ' . .,rater. The recovered amounts 

of res~due are not very high. Possibly soil type contribute~ 

to CO:lt:-o lIed pe.co1at 1.011 i~to the Im1T2.c soil ,yors resu l ting 

ln a very sl0tl' and 10', ... accurul3.tion of residu:{s in ::;cil WClt:cr 

and hencc in run-o[f. Tius Hl cff<?ct coul:::] <.1ccount fo!::' the 

. 
surprlsingly fo~ valuQs obtain0d (or tlle dr~~ns 4 2nd 3 for 

.. 1 

, 
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the months of Jul y, J\ugust ,md Septer:lbe'r, p:1rticu larly.r '""hen 

r;unfài l \V'as h~ghest in JUlY.~ 
An explanatian may lie in the fact thpt most of the 

pesticide present in Wn-off water from the 'f.îCl~\.,;i, b,een 

either converted into one of its metabolites an1 hCClce W.:lp 

not present as lts parent molecule, or ln the fact that run-

of.!:" W:lS 50 great that any re!idues present were quickly 

transparted ta the lake, sinc~ the tile d~a1ns had overflow 

openings inta the l:1ke. 

The values obtained ~or th2 lake sanpliny areas can 

be expLnned D'" the fact -C:l:!t spring ra'Lns erhanced l'Un-off - ~ , 

) ~'/hich resulted ln very large ar.1Ounts of atiazln~ belng trans-

porteè to the lêlkC!. 'l'his is r~flccted ln the value obtained 

for June (Figure 9). Septe:nber was <l pe::J.~~ resic!lue period for 
4C 

the lake residues accumul.:lted over a period of ti8e in lake 

waters. 1ne high2st concentration or resid~es (F igure.-~ l 
.( 

Wë'.S found in the southeastern port~on of the la~e. This area. 

represented the ,extreme corner of the lü,ver port~cn of the 

lake .. .;her~ the '..,ater was relatively undisturbed, and atrazine, 

bec~use of its limited soluDllity accu~ulatej. The rate of 

atrJ.zin~ 10ss è.ue to '.·),ter, ln 1)72 (l:'l';ure 7) dec:ceased '.vith 

. timc in ëlll of the sZ1rnpl.lng _~reas. ThlS d is consistent ',vith . ~ v 

ducs. 

~ 

The incrc3s,~, O!"l d.::',' 93, ~n th~ porth",est portion of .. 
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the lake ~nd tile drain 4 could have been due to'greater 

he~bjcldal activity of the compound as a result of very high 

rainfall in the previous ITlonth making this compound readily 

availab18 in the soil solution. Just as ln 1972, a s~milar 

\ period of high rainfall in 19~1 coineided with a high amount 

of detected residues (Figures 7 and 5). 

Elgh values '.vere obtained for aIl sampldng areas ln 

August. ThlS \Vas particularly true for the north'tleste::-n 

portion of the lake. This \vas b:cought about by the greater 

3bu:-td:::mce of '.lI'atcr tO'tlards the end of July, \-ihlCh increased 

the a~ounts g01nq into solution and promoted percolation ta 

the lower sail layers and subsequent transportation ln run-

off T§l.ter. 'l'he peak perlods of residueS' in ~cptGmber caTI 

also be e:?lained by the greater.abundance of IT.Oisture. The 

" Iow residue values obtained for June are Dot sl1rprising sinee 

there \vas only one a!"ld a haIf l.nches af r~nfall during that 

period. The heavy clay t:ype solI serious ly hampered or cven 
" o 

totally prevented penetration to the lower soil layers. 

Sheets (1970) has suggested that t~p activity o~ atrazinè is 

very limited under dry conditions such as occurred durlng 

the ~Qnth of June ln the first year. 

moted adsorption 6nco the heavy clay matc~ial, thus re3trict-

ing J.vallability, and hence the '1bsencc ln nm-off w3ter. 

,) 

'. il 
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• (F'lgUCC 7) LO:: 

a dccrcasc ln r~siduc values with lncrc~scd tima i~=, all 

", 
atr~:ine rcsldues ln a ~oction oi 

t!-l._-(lUSJ'l:Jut th~) t".!C! '"' -'{2c1~3 0: s~~?ll!"'g 1 ~.t :J..??t:!3 C3 oWo~/-io..;s t~1::lt 
~ ~\1 

sur=.J.c~ 

into :D2 tt12 dra~ns. 

',:'0::1 ti Le drains ,; and. 5 ',;:-;ic':: were siLua-=~d f()u~ ::0 iL-~ 

" 

uni:orlly disp2rs2~. 

. 
by surface run-off \Jatc:r- fco:::, -=:ields, or h~ 12..l~:' ~r::. lnto 

• 1. " -> 
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applicdtion, the availability of water, and the ~~ture of 

the soil type. 

In the course of tqis study, the ar.ount of recovered 

residue was not alarmingly high. This was contributed to 

by the inherent ability of the parent molecule ta degrade 

stcadily \vith time, ilnd thus not appear in the ·...,ater source 

to any great extent in its original forro, and by its Iimlted 

solubili ty \'fhich resuited in a high pr9portion of the rn3.ter-

.' iai being ,adsorbed onto the sail partlcles WhlCh ne Id l.t 

against Ieaching. 

~enaga (1972) contends that the water solubility of a 

pestl.cide is of key importance in governing its behaviour in 

any environrnent. 

disil9peilr3.n~e. 

It can in fac~ deterrnir.2 its pe~sl.stencc or 

During the course or this' study, the degree 

of water solubility definitely influenced the a~ount of atra-

zine whl.ch was recovered. This is reE~cted ln Figures 7 and 

9, wnere there were definite correlations bebveer. rèsidue 

accuDUlation in run~off water and periods of rainf3.l1 abun-

dance. 

Bio1ogica1 factors can influence r.olecula~ transforna-

tion of a pesticide and thus influence it.s resid'J.3.1 .J.ccurr.ulù-

tien . Atrazine C3.n be conv'en:.ed irlte 50::19 0= i ts ,.;'1 ter sol-

uble metùbo1ites in the enviroP!"lent. Tl1e resu ~tir.g r~pHi " 
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• rate of disappearance renders any monitoring study for the 

quantification of residues difficult. 

SEDIMENT lLl\JALYSIS 

The data obtained for the analysis of sed~ment rnater-

ial from aIl sampling areas are presented in Table 10. Sedi-

ment materlal was not saœpled before soil treatment. Day 

\' 

zero w~s considcred as the day before application of the 

atrazine. Table 10 shows that the highcst: concentration of 

atra?ine was obtained froD tile drain No. 4 on day 128. 

Concentrcttion of residues expressed in parts per m~llion, 

plotted against sampling da}s are presentèd in Figure 10. 

i-lonthly amounts of residues plotted agair:3t r:1onths o~ s21mpl-

ing are presented in Figure Il. 

Discu3sion 

The residue obtalncd in the lake bottom se-:1ihtent was 

This is surprising, s~nce there is a natural te~dency 

for pesticide residues transported in run-off water from 

agricultural fields to accumulate in lake botcorn sediment. 

This has been recbgnized by Edwards (1970) and Eichelberger 

ct "lI. (1971). IIigh levels of detect.able resldue in the sed-

lment ~id not cOlncide with peak periods of rarnfall as was 

• oDserved for re~ldue3 ln soil water. Per~aps the parent 
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Table 10. ~r~zine (parts/million) in sediment on Macdonald College Fùrm 1972. 
A râ;~ine from differcnt l1.t;tions. r -t . 

\"': .... ; , C q~( ~ JL~ict~ :1 • ~'3 
LocùtiQlls 

Day Sampling Tile Tile Lùke Lake 
No. Drain #4 Drain #5 !. {Northwest ~ {Southwest ~ 

1 24/5/72 1..0.0001 1..0.0001 (0.0001 (.0.0001 
-

3 2.6/5/72 lO\ 0001 ,0.0001 1...0.0001 ~0.0001 

7 30/5/72 0.002 0.002 T 1..0.0001 

14 6/6/72 (0.0001 1..0.0001 1..0.0001 (0.0001 
. -21 13/6/72 tO.OOOl /..0.0001 ,0.0001 (9. 0001 

A 

.1' 
28 20/6/72 1..°.00 01 (.OrOO01 "0.0001 \ 1. 

~_1 (0.0001 
'1 

58 20/7/72 0.002 f..O.OO01 l..0.0001 l..0.0001 

93 29/8/72 (0.0001 1..0.0001 {0.0001 (0.0001 
., 

i28 28L9/7_2 ~~~ 0.004 0.002 0.002 0.001 

T = Trace, represents a range of 0.0001-0.001 (parts/million). 

-, ~0.0001 = An arnount less than tpe limit of detection of 0.0001 (parts/million) for 100 g 
of sediment. 

, \ 
~~' i 

~ 

, 0-
l\,) 

• 

< • 



" 

• 

" 

.' 

• 
o 
:J 
o 

" . 

c 
.-:) 

o 

l 
.. 
~ Cl 

<r ~ . .) 1 

l i o 

c 
C 

..... 
C 
Q o 

63 

.-9 
I~ 

1 

'f) 

-'1 
? 

.., .... 
'f) 

~ 
-~ 0 
t1) 
(l) 

::1 
'0 
-~ 
[Il 
(l) 
H 

(l) 
k 

-ri 
N 
ro 
H 
.IJ 
..:x: 

. 
o 
r-f 



• 
" 

c 
9 
~ 

-l .-
~ 

" U) .--E.. c: 
<1 ,"-

<-" 
Ul 
lU 

:J 
LI 
Vi 
~ 
. 
~~ 

r.l 

>-
<! 

tt 

, • ----------

() (Hl.j (J .. 
'1 .. r- 1 

U lH'.l~, 1 ~ 

o UU.lLI 

, 
.' 

o Od?', .. _J '71 
, ~ 

-- -i k 
Il .' l' 1 1 / r ~ ,- " - / ' , 

1 - / / " 

! l r')i 1 ! 1 \/ \ 1/ - -- . , : __ :: ___ , 1 ! i~-J K '\i 

,) Il'll'' " '! -- ." /" 
1 1.) ,'_ ~ _~ ., > - : i - ·i ' ~'~/.'.,: \~ 

, ; / 1 /', ~._ • .: l , '1 ~!,. 1 
'/ " • ., r' - • 1 / ,"',: 1 

1 ~ 1' __ ~ ~ /. 1 IlL -, -.; " 

l 
Il -,' '\ ~ •• ' 1 1 J . 1 l "/' \ 

o J __ 1.l~,1 1/ ,11/ Ir--' f71 '';;::::;''' 1-'" 1-- ,--.- 1-- 1 1 1/ 1 1/ '1 1 __ .d'_.:./' 1 11/1 i'><"-'ll - ,-' . M/~Y . r- J--lJr, ~ II.- ••. ----, ,I .. . ..v __ . > _ .. :.... _ . l. _l..L--::-'} r:5<-; l" L_j 1 7j iY'i , JL J LILY j --(---,'_/_-'/ ' 0.. Ir: l' .. -'~--U ,,[. .1 L'''' f)T~' 0,.' t:' t: I) ~.) L ... 1 y 1 LI ~_" , ..... 

Figure 11. Frequency d~stribution of atrazine residues in 1ake bot tom 
sediment 1972. \ 

-; 

'll;".>Œ 
b:S(~UlH; 

g]U.KE 
-,(",!OFnH! 

~;.~'\.-<. J' ,L'" 
~~'" 

D1L' .. l 

, 

(Jo. 
~ 



• 

\ 

• 

65 

Golccule was either converted ta one or marc of its water 

soluble metabolltes, and hence was not detectable by the 
\ 

methods used, or perhaps rnicrobial degradation of the parent 

compound occurred in the lake ~tom. 

Because of the lirnited solubility of atrazine and the 

high clay content of the soil, vertical leaching to the lower 

soil layers and hence release into the soil solution \vas a 

slow process. Slow movernent in the lower soil layers even-

tually resulted in transportation into run-off water to the 

tile drains and the lake water. As the 

the lake \ .... ater lncreased, precipitation 

due to the lake bottom also increased. 

amount If residue in 

of ~trazine resi-

This eventually re-

\ sulted in the detectable amounts of residue towards the end 

of the sampling periode 

"t 

( , 

/ 



GENERAL DISCUSSION ~~ CONCLUSIONS 

problems arise following repeated application of atra-

zine when highly sensitive crops are grown in rotation with 

corn. This was reported b;Y Frank (1966) for sugar beet. , 
Soil carry-over residues of atrazine depend on the rate of 

application. Roadhouse and Bir~ (l964) showed that an appli-

cation of 2~ lb/acre of atrazine ta a soil on vlhich corn was 
-" 

planted did not result in in jury ta barley grown on this same 

soil afterwards. However, at an application rate of 10 lb/ 

acre crop in jury res~lted. 

During the two-year study reported here, an applica-

tian rate of 2~ lb/acre was used. Adequate weed control in 

the crop was obtained, 'vith r.egligible sail carry-over resi-

dues. However, the influence of rainfall, sail type, and of 

the corn crop itself on loss of soil residue was' appreciable, 

and suggests that dosage and sensitivity of the follow-up 

crop might not always be adequate criteria for prophesying 

safe residue levels. 

The methods of analysis used in the course of this 

study were concerned with the detection of the parent mol~-

cule in the soil environment. The effect of the parent mole: 

cule on soil microflora and its microbial degradation has 

65 
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been lDvestig:::ltcc! by Kaufman (1964), McCormick et al. (1966) , --

:ll:.d rln~ et al. (1968). Investigation of the role of atra-

Zlnc ~etabolitès ln the environment appear ta have been con-..,. 

rlned ta the metabolites found in the corn plant (Shimabukuro 

et al., 1967,1968,1971; Larooreux et al., 1970,1972). The 

sOlI is a heterogenous mass and as a result of its coroplex-

ity, the interplay of environmental factors can affect Gr 

infh~ence the activity of a particular pesticide in the field. 

rnere lS still nced for further research on the effect of the 

netdDolites or :::ltrazine on the soil environment. 

~:::lny of the investigations reported in the literature 

have been adsorption and desorptio~ s(Udies of atrazine in 

VarlO..l3 sOlI types, e.g. studies of the leaching and move-

~ent (Burnslde et al., 1963; Talbert and Fletchall, 1964; 

3alley and wnite, 1970). ~ Such studies, although they appear 

to o==er an explanatlon and possible demonstration that this 

pesticide has li~ited solubility, do not provide information 

that can be used to predict either adsorption onto the sail, 

ento lake sediment or trans~~ion in field run-off water. 

In order that experiments with atrazine may be more useful, 

=utur2 \'Jork should be focussed on the measurement o,f, adsorp-

tian, desorption, rather th?n inferring them from observa-

tlcns based on the distance of travel 

f 

of :JStiCide 

\ 
j 

in 
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soil ~ayer~ in leaching experiments, where water relations 
• a 

are uncontrollab1e and usua1ly unpredic~able. 

He11ing (1970) has tsuggested that the possible routes 
il ~ ~ <II 

towards environmentaY contamination by pesticides include 

vertical 1eaching te ground water and surface movement. The 

. 
low 1evels obtained for s011, run-off wat~r and 1ake sedi-

ment seem to suggest that this compound does not appear at 

. ,~, .- h 
this moment ~o ~mpose a serLOUS t reat ta the environ$èn~ . -. "" 

'Ww \(;'r '- .-

The use of atrazine in corn production therefore appears' fa- ---{ 
-./ -

\ 
be advan~ageous. Adequate weed'contra1 in the crap was ob-

tained at a very low rate of herbicidal application. Sail .... . 

carry-over residues were negligible, while residue 1evels 
.. 

in :f4!eld run-off water and 1ake 'bottom sediment \./ere low. 

'\. 
J • > 

, 

1 
.... 

"'- .. _-
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Table 1. 

- , c 
Operating pilrilmeters for gas liquid chromatography. Alkali flarne ionization 

~ 

Detector 

'cesi~m 

dctector. 

Attenu- Qty. of 
ator Chart Speed Pesticide Gas Flow ~csticide Colurnn Oven 

Settings and Recorder Col,-!mn Giving ~ Rates Retention MatI. & Temps 
(amp/ml) lmpcdence Packing F.S.D. (a) (ml/min) Time Dimension (OOC)< 

, } 

32xlO- lO 1/3"/min 1% OV-lon 80 ng N2=30(b) 3 min S'xl/8" Column 
oyen 

Dromide 16xl0-10 Atrazine H
2
=20(c) 1. D. =20±1 

Theor­
etical· 
Plates 

(Salt tip)8xlO-10 l Mv impe­
dence 

Porapack-
30 

100/120 
me,\h 

Air=180 Brass 
(on Col 
samplc 
injec­
tor) 

Dector= Not 
+ 225-1 Cal-

'J , 
~ 

--'''',., 

inJec­
tor t 

oven= 
22S±1 

(~) = Full scale deflection on the reéordcr:chart measured at a~tenuation setting of 
4 X 10-10 amps/mv. ~ 

(b) ~er gas (N2) flow rate measured at column outlet. 

(c) = flow rates with the AFID measured at the det~ctor jet. 

-

,.-

cula­
ted 

" U1 
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