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ABSTRACT
M.Sc. . Phillip C, Alexander Ratomology
THE USE OF ATRAZINE IN CORN PRODUCTION

Post emergence sprays of 2% pounds per acre of the herbicide

atrazsine wers applied to eight acres of grain corm on tile-drained

Uyadierta -

Ste. Rosalie clay soil near Ste. Adne de Bellevue in 1971 and 1972.
Samples of s0il, surfade run-off v;ter. ;ﬁb—-urfnca d;AIn;gc water and
of sccumulations of drainage water in ponds were analysed at {otervals
from May to October. Residues in the soil varied from 0.001 to 0.139 ’
parts per million: maximum residuss in drainage water, in pond sediment
and in surface run-off wers 0,043, (.043 and (.0042 ppw. Spring carry-
over residues were negligible. -

Au increase in detectable residues in soil and in run-offepater
was positively corc..ated with rainfall., So1l residues were in the
0-10 inch layer. Breskdown products were not investigsted. Atrazine

used ir this way does not result in serious persistent residuss in soil

or ioil water.



ABREGE

M.Se. "hillip C. Alexander Fatomnlogie

¢ "
L'UTILISATION D'ATRAZINE DANS LA PPODUCTION DU MAIXS
¢

s

t

Des arrosapes (gn pulvérisation) post-émergents, d'herbicide
atrazine, & Zé 11§faa i'acra, furent appliquie A des nces de na!;, dans
un Ste-losaiic'sbi a&gilcux & drainage tuilé, sur une Sgéndue de 8 acres
pris de Ste-Anne de Bellavue. Des analyses systé ques furent exdcutfes
sur des prélavements’du scl, des eaux de surface, des asux profondes de
. drainugerct des eaux apassées aux bassins de drainage. las résidus du sol
prégsentirent une différence de 0U.201 % 0.139 part au million; les résidus
naxima des eaux de drainage, celles des bassins et des caux de surface
furent de U.043, 0.043 et '.0042 pts.m. respectivement. L'}tudo 90. saux
de prigte-pn donna un produit dc_técidus uiigl{gesblae.

Une sugsentaiion appreéciavlie de résicus du sol et des eaux de
surface Etait directerent attribnagle,lflc omble des yluies. Les r8eidus
du sol furent prélevés su niveau de 0—10".\{2en produites secondaires ne
furent pas examinés. Atragine utilinf de la facon 4&32 mentionnée ne °
produit pas de quantité importante ou p.r-i‘:ante de rfaidus dans le sol

P

ou les eaux du sol.

S
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Common Name

atrazine
captan

diazinon

Gardona (R)
lindane
malathion

methoxychlor

Xyitaflo D.B.(R)

(R) = registered Trade Mark

GLOSSARY s

-

Chemical Name

2-Chloro-4-ethylamino-6-isopropylanino-s-
triazine

N (trichloromethylthio) 4-cyclohex-
L-ene, 1,2, dicarboximide

¢,0,0, (2-isopropyl-6-methyl-/-

R Py Pod

pyrimidyl) phosphorothioate

2,-chloro-1-(2,4,5-trichlorophenyl)
v{nyl dimethylphosphate

garma isomer 1,2,3,4,5,6, -
hexachlorocyclo-hexane

Diethyl mercaptosuccinate-S-ester-
0, O - dimethylphosphorodithioate

1,1,1,-trichloro-2,2,-bis(p-
methoxyphenyl) ethane

Tetramethyl thiuram disulphide ™

(Thiram) e

5,6-dihydro-2-methyl-1,4-oxathiin-3- "~
carboxanilide (Vitavax’

C

x Vitaflo D.B. is a compound ¢containing as its active.
ingredients, thiram and Vitavax
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INT RODUCTION

Atrgzine,2—chloro—4 ethylamiﬁo—6—isopropylamino—s—
triazinaz is a chloro-substituted s-triazine herbicide and
is widely used in agriculture as a pre- and post- emergence
spray, and also as a soil stpfilant for the chemical control
o7 weeds and other broad-leaved plants. Because of its
selective herbicidzal activity and low phytotoxicity to
corn, it has come to play a major role in bQi control of
roxious weeds in the procduction of that crop.

In order that a sound weed control programme can be
devalop=d in any agricultural venture, it is always desirable

|
to have a complete knowladge of the chemistry, behaviour,
herpicidal activity and vpersistence of any herbicide or herb-.
icides that are to be utilized. A knowledge of their behav-
iour eliminates the possibility of undue persistence of soil
residues, which can then be effectively avoided by the selec-
%

tion and use of dosages which ensure proper weed control, but

Go not leave behind harmiful residues.

%
[}

.
Vhile soil retention of a herbicidal residue may be

advantageous 1in som= cases io

I3

b

current weed control, it may

on the other hard be detrimental to any herbicide-sensitive
C 7

crop grown in succeeding vears on the same acreage.

1 t E
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Atrazine has been the cause of serious concern due to\)
its carry over effects on crogi)grown after corn, e.g., sugar
As

beet (Frank, 1966).

]

Continuodé application of atrazine on land on which -corn
is being grown seasoh after season has resul;ed in no harm-
ful effects to the corn. This is due to the ability of the
corn plant ?¢/remove atrazine from_thé solil by root:uptake,

or leaf absorption, and break ié down into non-phyvtotoxic

1

metabolites (Shimabukuro et al., 1969).

v



OBJECT OF STUDY

The object of this study was to determine the fate of

atrazine used ‘as a.herbicide in the.production of corn.
An attempt has been made to determine persistence in,
and the rate of diéagpearance of this compound from the soil,
¥

run-off water, and lake bottom sediment under practical field

conditions.

'3
4
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REVIEW OF LITERATURE

e literature avairlable on atrazine and other tri- QA
azine herbicides 1is very extensive. Several reviews of the
literature have appeared in recent years, e.g., those of

sin and Knuesli (1960), Knuesli (1970), and Frear et al.
(1972).
Some of the most pertinent papers ﬂ“ the literature

are briefly reviewed here.

N

PERSISTENCE

The parsistence of any pesticide'in the environment
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 soil one to two years after
application at rates ranging from 2 to 20 1lb/acre. Most of
the 90% was in the 0-1" layer. °‘The sa&e authors compared
persistence of atrazine in corn plots to that in dallow soil.
At the end of the first season, residues were much greater
{in the so0il that had be;n cropped than in the fallow soil.

! Talbert et al. (1965) showed that 0.16 1b/acre of
atrazine was present one vear after a soil application of

2 1lb/acre. Buchholtz (1965) reported greater persistence of

a .
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atrazine during dry summers than during summers with abun-
dant rainfall. In addition soil samples taken 1, 2, 3 and
6 months after application show that variables other than
date of application influence the relative carry-over rate
of any triazine applied to soil." Such samples from plots

of corn and Johnson grass sprayed #ith 2,4, and 15 1b/acre
‘contained smaller residues of atrazine in the 0-6" depth

than samples from fallow plots sprayed at the same rate.

Harris et al. (19%59) surveyed the persistence
of atrazine placed 3, 9 and 15" deep under sod in twelvé
geographically separated soils throughout the United
States and Puerto Rico. In general persistence increased
with depth, lower temperature, and higher organic matter
éontent with an average of 51% more atrazine recovered
from sub-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,
residue cérry-over from atrazine was found by Burnside
et al. (1969) to be concentrated in the top six inches
of six soil§-studied. Howeger, significant leaching did
occur in a.very fine sandy loam soil with unusually heavy

rainfall. K

s Wolcott (1970) has indicated that disappearance of a

measureable or recognized activity provides no assurance that



e

the chemical has been removed or altered in its essential
chemistry.

Sheets (1970) contends that the soil environment in:
which an herbicide is introduced determines its rgte of dis-
appearance. Hence, differences in persistence among soils
may be determined by variations of temperature and moisture
levels.

The éame author, however, 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 herbic;de molecule ceases to exist in other parts
of the environment.

ADSORPTION

P

Recenit attention has beeﬂ focussed on the adsorption
of pesticides on various substrates in the soil environment.

Harris and Warren (1964) have indicated that the lim-
ited solubili?y of atrazine enhances ifs adsorption by soil
components particularly the organic fraction. Harris et al.
(1964) and Talbert et al. (1965) f?und that adsorption was
not related.to the water solubility of the compound.

Bailey and White (1964), on the other hand, from their
obsgrvations conclude that the relationship existing bettveen

solubility and the extent of adsorption appears to be valid

W
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only within a family of compounds.

Harris et al. (1964) and Talbert et al. (1965) reported'
that the adsorption of atrazine increased with decreased tem-
perature and that the availability 6f atrazine was greater at
a higher temperature. Harris and Warren (19623 and Talbert z
and Fletchall (1965) investigated the effect of pH on at£é— v

zine adsorpt}bn. They concluded that adsorption of atrazine
varies inversely with pH. o <
*r

McGlamery et al. #(1966) found that atrazine adsorption

‘onto soil and humic acid isolated from leonardite increased &

as pH decreased, but adsorption was only élightly affected
by the parameters, temperature, ah; concentration of the ad-
sorbate.

McGlamery and Slife (1966) studied the adsorption .
from an aqueous solution of atrazine on a Drummer silty clay
loam and on humic aciq. Adsorption»gn the soil was greater ™
at pH 3.9 than at 8.0, and at 0°C than at 4o°‘c.h

Nearpass (1967), while studying tﬁe'effect of‘ﬁie pre-
dominating cation on the adgorption of atrazine in soils,
found that the adsorption of atrazine is governed largely by
the hyd{ogen ion activity relationship which occurred between

the solution and the solid phase of the soil.

Nearpass (1967) found.that adsorption from aqueous
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solutions of atrazine by a Bayboro clay soil was dependent
upon the exchange acidity of the soil. Armstrong et al.
(1967.) showed that hydrolysis of atrazine to hydroxyatrazine
is catalyzed by adsorption onto organic matter with hydroxy-
atrazine more strongly adsorbed than atrazine.

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

.

ment which decreases soil pH tends to reduce triazine phyto-

toxicity. This' was controlled by greater protonation of the
triaziﬁg at lower pH resulting in increased soil adsorption.

Harris et al. (1969) have suggested that increasing

adsorptiqniﬁith a decreased temperature may be a factor in

. mavement and activity of pesticides 1n soils and in increas-

ing persistence with increasing depth.

Weber (1970) pointed out that triazines are readily
adsorbed by a variety of clay minerals. This adsorption is
dependent upon acidity of the aqueohs systems and tend to

increase with a decrease in pH.

7

MOVEMENT

Movement studies of atrazine and other soil applied
herbicides have been documented by several research workers.
Harﬁ}ey (1961) indicated that several years would be

necessary for as little as 1% of the concentration of sur-

face applied herbicides to migrate by diffusion to a depth of



two feet 1n a moist soil.

White et al. (1967) found that low levels of atrazine
were carried off by surface water moving off sprayed fields
during and after application. He used simulated rainfall.
Most of the atrazine was retained in the upper 3" of the soil
profile. No measureable guantities were found below 6".
Terracing waé not used to hinder run-off water from leaving
the field.

White et al. (1967) a;; of the opinion that the temper-
ature at the time of the rainfall would also contribute to
differences in atrazine content in run-off water. “Run-off"
water is defined as water as it i1mmediately leaves a specific
field;) Bailey et al. (1970) have suggested four principal
means of pesticide transvort within soils - (1) diffu51on in
air spéces of soil; (2) diffusion in soil water; (3) trans-
portation by downw;rd flowing water; and (4) transportation
by water moving upward.

Bailey et al. (1970) contend that percolating water is
the principal means of movement of the relatively non-volatile
pesticides and diffusion of soil water is important only for
transport over very small distances.

The same authors reported that the total amount of

rainfall and frequency of received water all, appear to affect
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the movement of Lerbicides in the soil. This movement is
dependent on1501l type with a greater amount of leaching
of a pesticide in the soil profile occurring with a

greater amount and frequency of rainfall.

Sheets (1970) indicates that weather and climate
influsnce the disappearance of herbicides through the
effect of their surface removal in run-off water, and

downward movement in the soil profile.

Bailey and Vhite (1970) have reported that move-

ment of atrazine is at an optimum in light textured soils

HOBILIT} A

o

Triazine herbicides are considered to be rather
jmmobile in the soil. Roadhouse and Birk (1964) and Bauman
and Williams (1965) tend to believe that atrazine is immo-
bile in the soil. Helling (1970) contends that such a
generalization must be tempered by recognizing that dué‘“
to the fact that leaching is greater in sandy soil than
in other soils, mobility differences do exist among in-
dividual triazines. Helling et al. (1971) Rave indicated
that the mobility 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 to severe leaching. Leaching tends to affect herb-
icidal activity by the removal of the herbicide from its
active site with its subsequent transportation to a region
where it is relatavely 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&rggculgie
form or from the pesticide present on colloidal surfaces.
Several investigators have attempted to determine the amount
of leaching which atrazine undergoes when applied as a herb-
icide.

Montgomery and Freed (1959) found that the maximum
concentration of cl4 at;azine to be at 7-8" after leaching
a Chehalis sandy loam column with 12" of water during three
days.

Burnside et al. (1963) showed that in Rosebud loam
plots higher concentrations of atrazine weréw ound belows 12"
than in the upper 6", 16 months after applicatfbn.\ Hartley
(1964) is of the opinion that the ];éé:éi\ling of a herbicide

4

into soil is influenced by the moisture levelﬂgf the soil ‘at

i
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" the time of application and by evaporation rate.

Y

Ha*ris (1966) showed that pesticides arec leached to
A ! 3 -
a greater degree in light textured spils than 1n hexier

textured soils. Bauman and Williéms (1966 ) reported that

=

within six months after field application of atrazinz in

{
Indiana, the herbicide had leached to 2-4", though most re-
- d
mained at 0-2". .

LeBaron (1970) investigated by means of soil residue
analysis, a number of soils which had been treated annually
with triazine herbicides for several years.. Heég%und that
levels of residues below the 8-12" depthfggldom showed any

significance except in light textured soils with little org-

anic matter and with high rates of triazine application which

occasionally resulted in some accumulation‘?t lower depths.

USE OF WATER

~

Water appears to play an 1mportant'roie in influencing

herbicidal activity. Hance et al. (1965) have indicated hat

[y

varying moisture content is a real factor in the behaviour
< 1 -,

of herbicides in the field. Lambert et é;}-(1965) have re-

ported that soil moisture content influences the concentra-

©

tion of pesticides in the soil solution, awfactor of consid-

S

erable importance in the expression of herbicidal activity.

~

Roeth et al. (1969) found that by increasing the

>

Y
&

v
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moisture content from 403% to 80% of field capacity, six

times agemuch metabolism of atrazine was obtained. Atrazine

VIR

—

was dcgradedﬂgab to three times faster 1in top soil compared
to sub-soil. LeBaron (1970) suggested that water can be use-
ful in reducing or eliminating soil carry-over of triazines.

Switzer and Kauser (1970) found that 2 1b/acre of

"atrazine was detoxified in eight weeks under conditions of

high moisture content and temperature, while under dry con-

G

ditions the same rate caused ocat injury twelve months later.
TEMPERATURE

The role of temperature in the regulation of triazine

activity in soils cannot be overemphasi:zed.

o

Kearney et al. (1964) suggested that]field atrazine

losses may be significant under high soil temperature con-

A3

ditions. Bailey and White (1964) have indicated that the

sdiubillty of herbicides and adsorption by soil particles

‘would both be influenced by temperature. McCormick and

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

degradation rate of atrazine increased two to three fold for

(

each 10°C<@ Deravuge %pcrease from 15° to 35°cC.

-

: DEGRADATION

-

Most pesticides -bweak down guite rapidly in our

5 PR e

b} o
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environment. The soil usually provides the site for their
-

conversion to small fragments. Pestic%ges are reactive and
their degradation ma& be of a significance in determining and
controlling their persistence in the environment, and hence
reducing their undesirable effects.

| Degradative processés can occur either through’biologi—
cal or non-biological pathways. The rgte of retention of any
pgsticide in a soil or other surroundings can be i1nfluenced
bj\%ﬁé several factors which affect their degradation.

¢ LY
NON-BIOLOGICAL DEGRADATION

Horrobin (1963) showed that hydrolysis of chloro-s-
triazines occurred stepwise with replacement of one chlorine
atom with hydrolysis speeding up with increased alkalinity or
acidity. .

McCormick and Hiltbold (1966) found that atrazéﬁb
hydrolysis followed a first order kinetics reaction in steri-
lized soil and in perfusion systems. Hydrolysis of atrazink
occurred after 10 days in aqueous solution at pH 2 and 12,
100(days at pH 4 and 11.

These two authors found that soil pH and organic matter

largely control the rate of atrazine hydroxylation and that

hydrolysis occdurs in strongly basic or acidic solutions.
E o -
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Harris (1967) examined the effect of temperature
on the loss of atrazine in four scils. He identified the
hydroxy derivative in methanol extracts of soil as a de-
gradation product. Increasing soil temperature from 30°C
to 95°C greatly increased the conversion of atrazine to
hydroxyatrazine, whereas increasing the temperature of
an aqueous solution of atrazine without soil had only a

slight effect.

Skipper (1957) suggested that atrazine degrada-
tion is a direct chemical hydrolysis rather than a result
of microbial attack. Microbial attack possibly occurs on
the side chain with a low rate of attack on the atrazine
ring upon hydrolysis to hydroxyatrazin2 with degradation

decreasing with tima. Hance (1967) measurad the non-

biological decomposition of atrazine and five other

herbicides in aqueous solutiors in two soils in a bento-
nite clay suspension. He found that the half life of
atrazine was relatasd to temperaturs. 1t ranged in the
bentonite suspension from 130 hours at 107°C to 116 years
at 20°C. His conclusion was that non-biological processes
do not play an important pért in the loss of atrazins

from the soil and that hydrolysis of the s-triazines is

pH dependent.

Harris (1957) studied triazinaz-degradation in soils
&
and found that approximately 3C to 5C% of thz chloro-s-

triazins was converted to the hydrcxy ccmpound in 8 weeks




. at 30°C. This suggested that soil constituents catalyzed a
non-biological 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-biological hydrolysis
of s-triazines is probably an important process in relatively
acid soils. HelPing et al. (1971) believe that in reality

chloro-s-triazines are primarily degraded by purely chemical

means.
BIOLOGICAL DEGRADATION

Kaufman and Kearney (1970) indicated that microbial
- degradation of chloro-s-triazine herbicide occurs by the
N-dealkylation route. Skipper and Volk (1972) reported that
increased temperature, moisture and organic matter content
of soi1ls stimulate microbial degradation of s-triazine herbi-~

cides in soil.
PILANT MQTABOLISM AND UPTAKE

I In considering the various factors involved in the
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removal and dissipation of triazine herbicides from the soil,

-~

the role of the plant should not go unnoticad.

Gysin and Knuesli (196GC) reported that chloro-s-

triazines can be metabolized readily by corn.

Sikka and Davis (1966) reported that corn as well
as sorghum were effective in reducing the amount of
atrazine remaining in the soil in both field and greenhouse.
studies. Recent worx seems to suggest that atrazine is
metabolized by corn aﬁd transformed into non-chytotoxic

water soluble matabolites (Shimabukuro et al., 1966).

Shimabukuro (1967) indicated that the rate and
pathways of atrazine metabolism are important in determining
the tolerance of plants to the herbicide. The primary
factor which seems to determine the tolerance of plants
to triazine herbicides is the ability to degrade and de-

toxify the phytotoxic parent molecule,

Shimabukuro (1968) found that atrazinea was meta-
bolized by corn to non-phytotoxic hydroxylated compounQ; /C
and N-dealkylated metabolites., This ability of corn to
convert triazine to a non-phytotoxic compound is the basis
of its herbicidal selectivity. The conversion of the
2-chloro-s-triazines is catalyzed non enzymatically by

the presence of benzoxazincre in the corn plant.

4

Roeth and Lavy (1959} found that the ability of corn



roots and shoots to quickly degrade atrazine to"hydroxy atra-
zine was undoubtedly very important in the tolerance of corn
to atrazine. Le Baron (1970) however contends that several
investigators ggve failed to find angiéignificant advantage
in a crop of corn to enhance atrazine dissipation.

Frear and Swanson (1970) have shown that atrazin%
metabolism in corn is dependent on the\activity of an enzyme
glutathione-s—-transferase.

Shimabukuro et al. (1971) have shown that the primary
factor for atrazine selectivity in corn is the activity of
the soluble enzyme glutathione-s-transferase which detoxifies
atrazine by catalyzing the formation of an atrazine-glutathione
conjugatea. While the non-enzymatic compound benzoxazinone
catalyzed the hydrolysis of atrazine to hydroxv-atrazine,
the non-enzymatic detoxication pathway did not seem to be

essential for resistance.
P

i




MATERIALS AND METHQDS

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;;é Farm.
This plot of land was tile drained. The soil type was a Ste.
Rosalie clay locam. Field ruﬂ—off water from the plot fed
into two tile drains, TD4 and TD5, respectively. Surface
run-off water erptied into a weir adjacent to the most nor-
therly part of the field. Fielq run—-off, tile drain and.weir
water all finally emptied into the upper lake. The field
plot was subjected to standard agricultural practices, viz.
ploughing, -disc harrowing and the annual application of a
herbicide for weed control. Field application of fertilizer
occurred just before'planting time in early spring.
= The corn ;arieties used in this experiment were U.H. 106,
U.H.108 and Pride 5. All seéds were pretreated as follows
with (i) Diazinon 15%-Lindane (BHC) 25%, applied at a dosage
rate of 2 oz. per bushel, (2) methoxychlor 0.37 éz. per bushel
and (3) Vvitaflo D.B.(R)*, a fungicide, at a rate of 2 ogz. per

bushel. The seeds had been pretreated by the seed coﬁpany

with captan, thiram and malathion at an unspecified dosage

“

*See Glossary

19
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rate. The fate, mode and time of application of Gardona (R)*
and atrazina to the experimental vlot ho. 5 are summarized

iﬁ Table 1. This plot of land was se2eded on the 30th May
1971. .

=

Table 1, Field Treatments 1G71-1972

Desage per Yode of
Pesticide Formulation Acre +  Application
Atrazine aci 2z 1lb zctual - Post-smergence spray
R v - .
Gardona () 75U £ 1b per acre - Spraysd on 8 weeks

after planting

The chemical name and structurzl formula of etrazine

is given in Figure 1. .

Solvents used for soil, water and sediment analyses
were all Toxigraphic** grade reagents and were obtained

7

from Anachemia Chemicals Ltd., Canada.
.
v k . L
2-chloro-4-ethylamino-6-isopropylamino-s-triagine ——— "~

ATRAZINZ

i \,,)*NH—CH— CHy),

Figure 1. Chemical nam2 and structural formu:la of atrazine.
g .

% See Glossary. Gardona was applied 3 wesks after planting
time in 1971 and 1972,

*% £ Toxigraphic grade reagent is definad as a reagent which
has been glags distilled, specially ourified and con-
taining only one half part per million residue and no
interfering substances greater thar 1C parts per billion.
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The analysis and quantification of soil, wates and
sediment residues were accomplished using a Varian 1400 gas
chromatograph equipped with an alkali flame ionization detec-
tor, sensitive to phosphorus and nitfogen—containing compounds.
A spirally coiled brass column 5 feet long and 1/8 inch dia-
meter was used. The so0lid phase was 1% OV-1 on Porapack 30

(100/120 mesh).
SOIL SAMPLING

In the first year (1971), soil sampling was undertaken

fxom eight sampling sites and at two soil depths, (0-10")

‘and {10-20"). Two grid lines (see map in Appendix)

300 feet ibpg'and 300 feet apart were used as location guides
for the soil sa@pling sites in the field. Four points, A, B,
C and D along each grid line were used as the 'soil sampling
sites. A wgs 40 feet from the field edge, B was 60 feet from
A, C was BE\EZEQ”from B, and D was 150 feet from C. Indivi-
dual sampling sites were called either IA or IIC, etc. depend-
ing on the particular grid line to which they belonged. Soil
sgnpling was undertaken by the use of a soil auger. Séorage
was ;n a refrigerator at -20°C. Soil was stored in 400 g
Mason jars. Sampling was unde®rtaken as follows: The first

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

after and subsequently every month until October 1971. 1In

1




- vals as the soil samples. Sampling sites for water collec-

AN
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the following year (1972) sampling sites were selected
slightly differently. Five sampliné sites were chosen on
each of two grid lines A and B, respectively. These areas
were designated as Al or B2 depend¢nt on which of the two
grid lines that they were located.” Samples were taken at
0-10" depth one day after herbicidal application, 3 days
after, 1 week after, 2 weeks after, 3 weeks after and subse-

quently every month until September 1972.
- .

WATER SAMPLING

Water samples were taken at the same sampling inter-

tion were the two tile drains, TD4 and TD5, respectively, an
adjacent weir; upper and lower portions of the upper lake on
the Mac¢daondid College Farm. Water was stored in 2-litre

flasks at 20°C in a cold room.
SEDIMENT SAMPLING

No special Attention was paid to eit®er 1ake bottom o
or tile drain sediment in the first year (1971). Samples \SN\
were taken from the two tile drains TD4 and TD5, and from
other areas situated in the upper and lower portions of the
upper lake (see map in Appendix). Sediment samples were

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




23

ANALYTICAL PROCEDURES

SOIL EXTRACTION

So0il extraction of atra;ine has been reported by
various workers, Roadhouse and Birk (1961), McGlamery et
al. (1967), Mattson et al. (1970). For the atrazine
recovery study, the method of Mattson Eﬁaél:“T1970) was
adopted with slight modifications. Two solvent systems
wera used. In the first year (1971), an acetonitrile-
water mixture (90:10) was used. The following &ear

(1972), a methanol-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 allowedhto stand overnight. This was subsequently
reblended the following 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 5C0 ml separatory funnel. This was diluted by the
addition of 300 ml of water, then 25 ml of saturated

sodium sulphate solution.

Extradtion of this reaction mixture was carried
out by using two 25 ml portions of methylene dichloride:
The aqgsggs layer of this,reaction mixture was discafded.
The solvent layer was dried with sodium sulpliate and
evapo;ated to about 5 ml and ailowed to stand for subsequent

colurn clean up. (See under sedimentand soil samples).
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WATER EXTRACTICK

The methods of Abbot et al. (1965) and Tindle et
al. (19€8) were used with modifications for water extraction.
Three hundred millilitfés of water weres placed in a 500 ml
separatory funnel. To this was added two 50 ml portions
of a 30% diethjl ether methylene dichloride solution.

This was allowed to stand for about two hours altogether.
The aqueous layer after extraction was discarded. The
solvent layer was dried with sodium sulphate and then
evaporatad to zbout 5 ml on 2 Buchlzr flask evaporator.

The eluatelwas theﬁ transferred to a t2st tube (130 x 10 mn)
by means of a fine pipette using 5 nl of acetone in small
portions and stored in a refrigerator for analysis by gas

liquid chromatography.

SEDILENT EXTRACTICN

The method used for the extraction of sediment
rs

samples was sipilar to that ussd for scil analysis, save

for a few modifications.

-

One hundred grams of eir-dried sediment material
was placed in a blending jar; To thié was added 5C ml of
methylene dichloricde. This was allcwed to stand for two
hours. The solvent laysr was rexoved and a further 50 ml
of methylene dichloride were added to the jar. The two

solvent layers werz then combined, dried with sodium
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sulphate and evaporated to about 5 ml using a Buchler
flash evaporator and then stored for subsequent column

clean up. "ﬁ

o3

5

MM CLE
- . COLUMN CLEAN UP

(

Water Szamples

Analysis of water samples by column clean up was
found to be unnec2ssary. Abbot et al. (1965) and Tindle
et al. (1948) found that the amount of coextractives in
water was negligible. The values for samples éubjected to
colunn clean-up were found to be not significantly o

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

water samples.

Sediment and Soil Samvles

Similar procedures were followed for column clgan-up

of so0il and sediment samples. Woelm basic alumina

ketivity Grade V, viz. 81% Aluminium oxide-19% water were
»/;sed as the solid support. A glaﬁs wool plug was placed

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

ID x 30 cm) fitted with a glass joint (24/40). Twelve

and a half grams of Woelm at the top and a Teflon stop

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

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

gently to settle the packing énd a glass wool plug was

placed on top of the alumina. The sample was transferred

é;antitatively to the coluan using two 5 ml portions of

carbagn tetrachloride. %hen the last five ml portion had

NG
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just penetrated into the alumina, a further 50 ml of
carbon tetrachloride was addsd to the clean-up coluﬁ;.
The eluate was discarced when the carbon tetrachloride

just disappeared into the glass wool, 50 ml of a 5%
’
diethyl ether in methylene-dichloride was added to the

P , g
‘column: The eluate was collected in a 1,000 ml distilla-

tion flask, then evaporated usiné a 3uchler flash evaporator

- ——
-

and then transferred to a test tube by means of a fine
,pipette using 5 ml of aceton2 in small portions and allowed

to stand for analysis by gas liquid chromatozraphy.

L]
a

s,
LAY




., each day with needle valves on the instrument to give
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.GAS LIQUID GHROMATOGRAPHY

¢ —-r

Tﬁe carrier gas used {h the Varian 1400 gas chroma-
tograph was nitrogen. The flow rate of this gas was 30 ml/

minute # 5 ml. The flow of hydrogen and air was adjusted

13
-~

maximum sensitivity. The colum? temperaturé was 200°é, .
injection port temperature 225°C, with detection temperatuf;
at 250°C. Before injection, samples which were allowed
to stand after column clean-up were carefully evap9rated
just to dryness using nitrogen. Saﬁples were subsequently
diluted by adding 0.1 ml of acetone. One micro-litre of
each sample was injected into the gas chromatograph usid%:
a Hamilton microsyringe. Duplicate injections of each

2

sample were made. A Honeyw2ll strip chart recorder was

attached to the gas chromatograph.

Individual peaks were identified by reference to x
quantitative standards supplied by Ciba-Geigy Canada Ltd.
Unknown samples were subjected to gas liquid phasé chroma-
tography under F@e same operating conditions as the re-_
ference standarg;. Peak areas were determined by the peak
ﬁeight nmethod. In order to maintain coﬁstancy in the opera-
ting conditions for sample analyses, standards were run
on an hourly basis aldng with unknown samples. Soil
residues in parts per million were calculated using the
equation based on work described in the Canadian Food and

Drug Directorate Pesticide Analytical Manual 1969.
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RESULTS

The data presented here represent values obtained for

soil samples for the two years 1971 and 1972, respectively.
SOIL RESIDUES

Mean values for different sampling dates are presented
in Tables 2.and 3 for 16 and 10 locations in 1971 and 1972,
respectively.

Day one, 1971 was the day on wﬁich soil samples were
taken before application of éhe herbicide (Table 6). Day 13
was the day on which the soil was treated that year. ~Day
zero in 1972 was the day the soil samples were taken before
applicatio; of the herbicide (Table 6). Day 1 was the first
sampling date following soil treatment (Table 3).

The highest concentration of atrazine was obtained in
the 0-10" soil layer, seven days after application in the
first yéar, and three days after application in the second
year (Tables 2 and 3). Twice as much atrazine was present
thé day after treatment in the 0-10" soil samples in 1972 as
was present in corresponding samples in 1971 (Tables 3 and 2).

The highest value obtained for atrazine in the 10-20" soil

layer was on day 21 in the first year (Table 2). No vglues

29
Y
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Table 2. Atrazine (parts/million) in the soil of Field No. 5 Macdonald College Farm 1971.
Atrazine in the soil of Field No. 5 at different locations.

Day Sampling Sample Locations
No. Date  Depth IA - IB IC ID 2A 2B 2C 2D Mean

14 10/6/71 0-10" 0.098 0.Q78 0.059 0.103 0.030 0.097 0.293 0.080 0.105
10-20" (0.001 ¢0.001 (0.001 0.043 (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 0. 006 0.004 0. 006 0.004 0. 004 0. 004
10-2 p.004 ¢0.001 0.004 0.002 0.001 0.002 0.001 °~ 0.002 0.003
69 4/8/71 0-10"__-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 .001 0.001 0.001 0.001 0.002
10-20" 0.002 N.S. 0.002 0.005 .012 0.005 0.003 0.012 0.006
96 31/8/71 0-10" 0.001 0.001 0.001 0.003 .002 0.003 0.002 0.002 0.002
10-20" {0.001 (0.001 0.008 0.001 (0.001 0.001 0.002 (0.001 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. 003 0.003 0.003 0.005 0.007 0.003
l46 20/10/71 0-10" 0.027 0.004 0.003 0.004 N.S. 0.004 0.002 0.008 0.007
10-20™ 0.002 0.002 £0.001 0.001 «¢0.001 0.001 «0.001 0.002 0. 001

OO CO

N.S. = Not sampled.

—

{0.001 (parts/million) = an amount less than the detection limit of 0.001 ppm.

0€




Table 3.

Atrazine
Atrazine in the soil of Field No.

el

(parts/million) in the soil of Field No.
5 at different locations.

5 Macdonald College Farm 1972.

Day Sampling Sample Locations : o
No. Date Depth Al A2 A3 Ad A5 Bl B2 B3 B4 B5 Mean
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 0.298
2 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 0.514
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 0.124
14 6/6/72 0-10" 0.063 0.027 0.040 0.039 0.112 0.108 0.077 0.023 0.012 0.0lé 0.051
21 13/6/72 0-10" N.S/ N. S. ‘&Ls. N. S. N. S. N.S. N. S. 'N.S. N.S N.S
Zé 20/6/72 0—10’ 0.141 0.082 0.406 0.052 0.021 0.119 0.145 0.059 0.118 0.094 0.124
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 O'OQ&E
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 0.025
128 28/9/75 0-10" 0.031 0.0l§ 0.047 0.020 0.007 0.008 0.016 £0.001 0.058 0.076 0,028
ﬁ.s. = Not sampled.
*One day after herbicidal application.




were obtained on day 21 in the second year (Table 3). This
was a result of a severe ;hunder and rainstorm which pre-
vented completion‘;f the sampling. The residue data in the
0-10" soil layer for both years for the last 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
yea; than in the correspoﬁding period of the f%rst year
(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 residues in the 10-20" soil layer follow
a pattern similar to that obtained for Fesidues'in the 0-10"
soil layer (Figure 2). The highest residues for 1972 appear
on day 3 (Figyre 3). The residue pattern in the se&ond year

was similar to that for 1971 (Figureg 2 and 3).

The total amounts of residues were determined for
each month 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 thenm as monthly totals versus
total residues for the year. The frequency distribution of

soil residues in parts per million versus monthly totals for

the two yvears are indicated in Fiqure 4.%!h§;histogram shows
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that the highest residual condentration of atrazine occurred
in the early part of 1972 in the 0-10" soil layer. The
amounts of atrazine decreased progressively from May until
August: then thg 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
May followed by a decrease in values until Auqust. In the
10-20" soil layer in 1971 nost atrazine was found in the
month of May.

All residues tended to be much higher on certain samp-
ling dates than on others (Figqures 2, 3 and 4). Measurement
of actual rainfall on sampling days (Table 4) indicates little
relationship with total amounts of re;idue. However, when
monthly rainfall (Figure 5) is compared with average residqe
found in each month, it appears that rainfall is correlated
with high detectable residues.

The level of residues present on the experimental plot
before application of atrazine in 1971 was determined by
analysis of soll samples taken prior to soil treatment. This
procedure was repeated in the second‘year. The object was
to determine if climatic factors influenced accumulation of

reszidues at different soil depths. ‘The data obtained for the

soil sample analyses prior gg treatment in successive years



‘ Table 4.

Rainfall on sampling days 1971-1972.
,’
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. Rainfall Rainfall
Day Sampling In Inches Day Sampling . In Inches
/ No. Date Or* Same No. Date On Same
Date Date
1 27/5/71 .20 1 8/5/72 0.10
14, 10/6/71 §.04 14 6/6/72 0.29
21 17/6/71 4.20 21 13/6/72 0.08
36 2/7/71 0.02 28 20/6/72 0.30
61 27/7/71 . 0.31 58 20/7/72 0.70
o 69 4/8/71 0.03 93 29;@/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
.-
1}
%

3
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are presented in Table 6. The residue levels prior to
treatment were not significantly different in ‘the two years,
Accumulation of residues in the 0-10" and 10-20" soil layers
in the first year was well bslow the detection limit for

soil samples analyzed during the course of this study.

~

. AN
Limit of Detection

Each éag chromatograph has its limit of sensitivity
to each compound\géing detected. TFor the purposes of this
study, the instrument used was an a}kali flame ionization
detector. The minimum detecﬁable 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 relative to tﬁé peak height value obtained for
a particular sample. This was found to be lmm. For a con-
centration of 0.5 ng of atrazine, a peak height of 3Imm was
obtained, and this was taken as the minimum detectable
quantity. Using the equation for parts per million (see
page28 ), the peak height values could be substituted along
with typical values for other guantities e.g. 100 gm wt. of
soil, and 1 ul sample injection volume; to arrive at a de-
tection 1limit of 0.001 ppm for soil samples. The limit of
detection for sediment and water samples was obtained by the
same method as above and was found to be 0,0001 pom. An
eXplaﬁation of “noise level” and the "limit of detection” can”
be best obtained by referring *to the work of Tindle et al

(1968) and Wattson et al (1970).
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The parametars used in the determination of atrazine

L

residues in parts per million had errors associated with

%\

them. The term "error" for the purpcses of this study must

not be considered as an error in th2 true statistical sense.

Errors obtained during the study were eithar given by manu-

+

facturers for their eguipment, e.g. syringe injection volume
rd y .

error, or pipette volume error, or balance error, or others

were based on 2rrors inrerent
m2asurement of onz2ak heighnts.
ment, e.g. microsy;inges, or
measurements of peak h2ights

Fractional errors for all tha
s ’ ,

in s2veral manipulations, e.g.

orrors associated with equip-

overall fractional error are also includad in thi

For an understanding of overall {ractional =zrror, a dis-

cussion of this subject c2n bte found in 3rinkworth (1971).

-/_,

‘

Table 5. Values for thz =2stimaticn of fractional error

for soil residues

Cverall
Normal Fractional Fractional
Parapeter ragnitude Error Error
GLC sample volume 0.5C ml +0.010 ml  0.C20
GLC sample w=ight 100 g =0.1g 0.Cco01
GLC injection
volume 1.0 ul 0,025 ul C.C25

GLC std. peak .
height measure-
‘ment 3.0 ¢,

GLC sample p=2ak
height measure-
ment 2.C cm

GLC std. peak
quantity : 20.C ng

2C.

+0.

>

=0.

2 cn C.CG7

02 cm C.C1C

08 ng 0.C0L
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Table 6. Atrazin? (parts/million) in soil before application of hexbicides 1971-1972.
¥ Atrazine at different locations Macdonald College Farm,
Atrazine (Parts/million) ,
Day .- Sampling Sampling Locations '/ ‘
No. Date Depth 1A 1B 1cC 1D 24 2B 2C 2D
1 27/5/71 0-10"a N.S. N.S. {0.001 {0.001 ¢0.001 (0.001 (0,001 (0.001
10-20" N.S. N.S. (0.001 (0.001 {0.001 (0.001 (0.001 (0.001
0 8/5/72. 0-10" 0.008 0. 007 0.002 (0.001 (0.001 (0.001 (0.00Q1 0.002
10-20" ] {0.001 0.002 0.002 ¢0.001 (0.001 (0.0dl {0,001 ¢0.001
N.S. = Not sampled.

"{0.001 (parts/million) =

limit of détection.

Tt
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‘There were trace cuantities of atrazine residues in

A

the 0-10" layer in 1972. The major portion of atrazine was

found to be in the upper soil 1ljyers.

! .
//

Discussion ) 2

! s

B

Rainfall and temperature are two factors which are - .

LIRS

important in determining the rate of so1l penetration and

the persistence of atrazine. The data for soil residues and

bl

amount of rainfall for the two sampling years suggest that
there exists some relationship bhetween increased rainfall

and increased detectable residues. When compared on an

’
3

annital basis, eight more inches of rain w=re recorded in 1972
than in 1971. This increased rain#f1l favoured a greater

]
amount of leaching of the pasticide to the 10" soil layer in

1972 Accounting for higher residue values. Figure 5 shows /

that therec ®as a rainfall peak in Sevntember of 1971 which

& . .
"coincided with an increase 1in residues noth in the 0-10" and .
f -
10-20" sn1l layers. Increased rainfall in June 1972 favcoured .o

an 1ncrease in the!amount of detected residues (Figure 5,
Table 3). Furthermore, an increase in rainfall throughout
the early part of August 1971 followed by an increase in resi-
dues (Figure ?) can be explained as a result of the much

\

drier conditiors that prevailed when the samples were taken.

With 1increasad moisture conditions on day 69, there was an



o

L3

increase in datecteble residuas,

~

The question may be asked why wWas there such a big
difference between the residuz2l amounts of atrazine obtained
in the two years. The only logical explanation lies in the
fact that there ware much better moisture conditions in the
second year as revealed by the rainfall figures in Table 7.
The crop cover and the temparature rangs ware the sam2 in
both years, ®o that volatilization should have been equally

affected by the large surface area of the cordAleavgsJ ang

the close plant spacing.

The rmoisture ccnditions in 1972 definitely favoursd
greater herbicidal activity in the {ield. ‘han ons considers
the limited solubility of etrazine, viz. 7C parts per million,
the greater abundance of water would be expected to in-
creas2 the chancas I obtaining more in th2 soil solution.

At least two and 2 Iplf inches of rain wara recorded»each
month if 1972. The low residuss of atrazizns‘in 1971 were
the result of several factors. Low rainfall, and the
consequent low leval of so0il moisture probably resulted
in some raduction of herbicide dissolution anid movenent
in the field, an? promoted retention of the herbicide as
an adsorbate on the clay particles. This effect was
magnified in the Ste. Roszlie clay soil which was between

36 and 53 per cent clay on the llacDonald Collags Farm.

e \



Table 7. Monthly temperature and rainfall 1971-1972.
Tempcratﬁre JkRaihfall Temperature = Rainfall
Month in OF Yecar In Inches Month in °r Year In Inches
May 65.3 1971 1.56 May 67.4 1972-- 2.32
June 76.3 1971 1.56 June 71.9 1972 5.41
July 78.0 1971 ' 2.50 July 77.7 1972 7.29
August 75.8 1971 3.89 August 71.0 1972 4.10
Scptember 71.5 1971 5.21 Scptember 68.7 1972 2.46
October 60.7 * 1971 1.26
N

14
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. & .
The disavpearance curve for atrazine residues on a
monthly I?is (Pigure 4) and during sampling intervals
(FiguresW and 3) suggest that the rate of atrazine loss

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 is
repeated. Soil residues in the 10-20" soil layer for 1972
seem to be in agreement with this suggestion (Table 6).

Cold wintry temperatures, couvled with spring rains did

not seem 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 th® opinion that the t

amount of rainf;ll and frequency of received water affect
movement of soi;-pesticides, and that in heavy textured soils
atrazinecleaches less ;eadily than in lightér soils. Although
the soil of the experimental plot’yas of the heavy clay type,
the abundance of rainfall and increased soil moisture content
in 1972 favoured the leaching of the pesticide into the

0-10" soil layer. This accounts for the high'reaidue

levels that were obtained.

vl
A}
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In considering the effeﬁt of atrazine applied to the
soil, excess rate of application must Be distingui§hed ,
from dosages used in,practice. Field studies are usually:
variable. This, in part, is dependent on soil type and in
most cases on environmental factors. The results obtained
for residue analysis indicated that if the compound was
applied to thé\spil at dosage of 2% lb/ac;e, the amount of
the compound which was recovered as its parent m&lecule was
very small. Thi,\indicated that persistence of this com-

[

pound was not very marked. Nevertheless, adeguate weed con-

\

trol was attained.
One important int which should not go unnoticed is

the inherent ability of the corn plant itself to contribute

\
{

to the degradation of this compound. Some analyses of plant
materials were undertaken and the results obtained revealed

that the amount of the parent molecule remaining within the

3

-plant itself, e.g§., the leaf sheath was negligible. Shima-

bukuro et al., 1967;1968;1969;1970;1971) have recognized
this fact. The nature of the comdbound itself is a contri--
butory factor in determining its relative persistence. Be-
cause of its limited solubility ard ability to be adsorbed
by clay material, the greater the'émount of moisture present,

the greater was its nerbicidal activity. This is apparent

Pag
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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
residues was correlated with increases in soil moisture which
enhanced leaching into the lower soil layers.

¢ ¥

RUN-OFF RESIDUES

\ The values obtained for run-off water for 1971 and
£ 72 are contained in Tables 8 and 9, respectively, and are
very variable. The highe;t residue value obtained for tile
draif No. 4 was in June, one day after spraying. This ab-
normal 4 high value does not reflect a true picture for run-
of f resfidue and appears to have arisen from accidental drift

N of spray to this particular ditch. The highest value obtained
during the course of the sampling year was from the weir on
day llé (Table 8). This was the only value obtained from the
weir throughou# the entire sampling period in 1971. Apart
from day one, when no sample was taken, the rest of the time
the weir remained dry. This‘}s very significant, as it ipdi-
cates that surface run-off from this field was minimal to ﬁ W
almost negligible in 1971 and could not haqp contributed to
any great extent to the total residues obtained for run-off

water.

The residue values obtained in June and July for tile

«
%

Vd
L
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Atrazine (parts/million) in lake and field run-off water Macdonald College‘Farm

Table 8.
1971. Atrazine from different locations.
Atrazine (Parts/million)
Locations
Day Sampling Tile Tile Lake Lake
No. Date Drain #4 Drain #5 (N'West) (S'wWest) 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 15/7/2@ {0.0001 £0.0001 {0.0001 N.S. Dry
61 27/7/71 {0.0001 (0.0001- (0. 0001 N.S. Dry
69 4/8/71 0.001 {0. 0001 {0.0001 T Dry
80 15/8/71 (0.0001 {0.0001 "§:,.002 T . Dry
‘96 31/8/71 {0.0001 0.002 0.%01 {0.0001 Dry
116 20/9/71 (0. 0001 0.001 T 0.001 0.003
146 20/10/71 ¢0,.0001 0.001 T {0.0001 Dry
*Day sampled before herbicidal application. N.S. = Not sampled.
**One day after herbicidal application. T = Trace, represents range 0,0001-0.001

(parts/million).

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

million)

av
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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 water at different locations. .
Atrazine (Parts/million)
Locations
Day Sampling Tile Tile Lake Laké
No. Daté Drain #4 Drain #5 (N'West)  (S'West) Weir
O* 8/5/72 (0.0001 £0.0001 {0.0001 T (0. 0001
2 24/5/72 £0.0001 (0. 0001 (0. 0001 (0. 0001 Dry
3 26/5/72 T {0.0001 T T Dry
7 30/5/72 {0.0001 (0.0001 T T Dry
14 6/6/72 T T T T {0.0001
21 13/6/72 T T T 0.002 T
28 20/6/72 T T T T Dry
58 20/7/172 T (0. 0001 (0. 0001 ’ T Dry
93 29/8/72 T T T *{0.0001 Dry
128 28/9/72 T {0.0001 {0.0001 T Dry

*Day Zero fcpresepts sampling time before herbicidal application.

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.

\
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dran, £ and 5 weve about thz2 same, DBetwvezen June and Julﬁ}
~o vater samples wver2 taken from the two lake sampling areas.
How;o ey, for a batter and more meaningful monitoring study,
tha lake was sampled throughout the rest of the sampling per-
iod of 1971. Sampling was continued in 1972. The greatest
amounc of atrazine found in tile drain 4 in 1971 was on day
52. The residues rcmained,constant from day 80 until th? end
of trn2 samplirg time (Table 8). The highest value obtained

«

for trle drain 5 was dh day.- 96. This fell to a value which

re- 1in2a

onstar

0
"y
cl

for the rest of the sampling period.

A

h2 highest value for the most northerly part of the

3

laze was obtained on day 96 {Table 8). This decrcased stead-
ilv uncil day 116 after which time trace quantities weare
obtazred till the end of theusampling year. The highest
value for the southerly part of the lake was on day 116.
This value decreased until the end of the sampling period
(Tanl=s 8). The highest residue in 1972 was on day 21 (Table 9),
but this was lower than some figqures obtained for 1971.

Unlike $he previous year, trace quantities of atrazine
were obtained from day 14 to day 128 in 1972. No residues

. i ?
warz Fotected for tile drain 5 from day 1 to day 7. Trace

cuzntities were owtained from day 14 to day 28. There was

<
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sampling period. Trace quantities for-the northerly part of
the lake were obtained during all sampling intervals save on
days 1, 58 and 128. . The highest value‘obtained for the south-
eastern part'of the lake was on day 21 (Table 8). Trace
quantities of atrazine were obtained there on all sampling
dates except days 1 and 93.

| The weir remained dry throughout the entire sampling
period save day 21 (Table 9). This was consistent with what
was observed in 1971. Concentration of residues in parts
per million plotted against sampling days in the first year
are shown in Figure 6. A similar plot of concentration resi-
dues in parts per;million against sampling days was made for
the second year (%igure 7).

An attempt was made to determine the total amounts of
residues which were present in any givgn month. These values
were arrived at by totalling the residues obtained for each
of the four sampled locations, at each sampling period for
the particular month and expressing them as monthly totals

versus total amount of residues for the year;\\The frequency
distributi;n of water run-off residues ver*sus monthly totals
for the years 1971 and 1972 are indicated in Figures 8 and 9,
respectively.

The histogram for 1971 shows that the highest concen-

tration of residues was cbtained in August in all sampling
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ATRAZINE RESIDUES IN(PARTS/MILLION)

"0 QO1I0¢

T

Q0N

0 0010

0 0035+~

t

0 CQ30

O 0024 F

+

OJOOQO -

A
0 0015

'

O LCOS

i

o

Xl
&
o

w
[3

W
>

N
VAN

N
]
;/-\
AN
-

X0

75

LI Y
-._.—-1

=

X

i
e

s

»

21

‘
LAKE

[ ¢
,(:‘j\i;ourh
LT Lake

— A -
S JANORTE

DTDJ}

I~
~
- }(\——/\1’ D04

(N

!
X

g

!
-

[ ™

Figure

©OMAY

-

-

JUNE

AUGU ST

£

S EFTIMIER

9. 'Ffequency distribution of atrazine residues in run-off water 1972.




S6
/

areas. This was followed by high concentrations for thrce
samplin;kgreas in September\(rigure 8). Unlike 1971, when
the hbﬁg;st concentration of residucs was obtained i1n August,
the histogram for 1972 shows that the highest residue con-

centration was obtained in June 1n all sampling areas.

a

Discussion

There was a much greater recovery of residues from

all the sampling areas in 1972 than in 1971. Perhaps this
"
can be explained by a look at the rainfall figures for 1972
(igure 5). The amount of rainfall which was recorded 1in
June waz 5.41 lnczfs. This value coincided with the hlghegt
amount of detected residues for the month of June i1n all
sanmpling areas (Figure 9). q&hls nigh amount of rair<all
caused greater pesticide penetration into the lower soil
layer and hence its presence in run-off water. Since atra-
zine 1s limited in 1ts solubility, tﬁe more abundant rainfall
increased its dissolution i1n the so1l watoer and thus affected
its transportation in run-off water. The recovered amounts
of residue are not very high. Pos;ibly solil type contributed
s

to controlled pegcolation into the lower soil lgyers resulting

in a very sloy and low accurulzation of residuds in scil wacer

’

and hence in run-off. This 1n ¢effect could account for the

0

urprisingly low values obtaiqu for tile drains 4 >nd 5 for
~

'

\ N
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the wmonths of July, August and Septembéf, particularly, when

P
-

rainfall was highest in July.g{ _
An explanation may lie in the fact that most of the
pesticide present in q?n—off water from the‘ficl§);§é~b¢en
either converted into one of its metabolites an@ hence wasg
not present as its parent molecule, or in the fact that run-
off was so great that anv redidues present were éuickly
transported to the lake, since the’tile drains had overflow
openings into the lake.
The values optained for the lake sampling areas can
be explained by the fact that spring rains erhanced run-off
which resulted in very large amounts of atrazine being trans-
ported to the lake. This is reflectaed in the value obtained

for June (Figure 9). Septembar was a peax residue pariod for
[o]

the lake residues accumulated over a period of time in lake

waters. The highast concentration of residues (FigurerL‘

wns found in the southeastecrn portion of the lake. This area
represanted the extreme corner of the lower porticn of the
lake wheré\the wvater was relatively unrndisturbed, and atrazine,
because of its limited solubility accumulated. The rate of
atrazinn loss Zue to :rater, 1n 1372 (Figure 7) decreased with

a
time in &1l of the sampling -2reas. Thlsvis consistent with
o

the pattern of disapopearance that was obtainad for soil resi-

+

ducs. The increase, on dav 93, in the rorthwest portion of
»

\

N
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the lake and tile drain 4 could have been due to ‘greater
herbicidal activity of the compound as a result of very high
rainfall in the previous month making this compound readily
available in the soill solution. Just as in 1972, a samilar
period of high rainfall in 1971 coincided with a high amount
of detected residues (Figures 7 and 5).

High values were obtained for all sémplﬂng areas 1n

.1

August. This was particularly true for the northwestern
vortion of the lake. This was brought about by the greater
abundance of water towards the end of July, which increased
the awmounts going into solution and promoted percolation to
the lower soil layers and subsequent transpoftation in run-
ofi water. The peak periods of residues in September can
also be explained by the greater ,abundance of moisture. The
&
low residue values obtained for June are not surprising since
there was only one and a half Lthes af r;znfall during that
period. The heavy ciay type s0il seriously hampered or even
L ]
totally prevented penstration to the lower soil layers:
Sheets (1970) has s;ggested that the activity oI atraziné is
very limited under dry conditions such as occurred during
thé\éonth of June 1n the first year. Dxy condltlons’ArO—

moted adsorption énto the heavy clay matccial, thus restrict-

ing avarlability, and hence the absence 1n run-off water.

\
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application, the availability of water, and the n2ture of
the éoil type.

In the course of this study, the arount of recovered
residue was not alarmingly high. This was contributeq to
by the inherent ability of the parent molecule to degrade
steadily with time, and thus not appear in the water source
to any gféat extent in its original form, and by its limated
solubility which resulted in a high prgportion of the mater-—
ial being .adsorbed onto the séil particles which held it
against leaching.

Kenaga (1972) contends that éhe water solubility of‘a
pesticide is of key importance in governing its behaviour in
any environment. It can in fact determinz its persistence or
disappearanée. During the course of this study, the d;gree
of water solubility definitely influenced the arount of atra-
zine which was recovered. This is rei&ected in rigures 7 and
9, where there were definite correlations between residue
accurmulation in run-off water and periods of rainfall abun-
dance. N

Biological factors canvinfluence rolecularr transforma-

P

tion of a pesticide and thus influence its residual accumula-

tion. Atrazine can be converted into some of its water sol-

¢

uble metabolites in the envirormant. The resulting rapid

[
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4

. rate of disappearance renders any monitoring study for the

quantification of residues difficult.

SEDIMENT ANALYSIS

-

> The data obtained for the anélysis of sediment mater-
ial from 2ll sampling areas are presented in Table 10. Sedi-
ment materaial waé not sampled bgfore soil treatment. Day
zero was considered as the day before application gf the 9-.
atrazine. Table 10 shows £hat the highest concentration of
atrazine was obtained from tile drain No. 4 on day 128.
Concentration of residues expressed in parts per million,
plotted against sampling days are presented in Figure 10.
Monthly amouynts of residues plotted agairnst months of samol-

ing are presented in Fiqure 11.

Discussion

\

The residue obtained in the lake bottom sediment was
low. This is surprising, since there is” a natural tendency
for pesticiée residues transported(in run-off water from
agricultural fields to accumulate in lake bottom sediment.
This has been recognized by Edwards (1970) and Eichelberger

t 2l. (1971). 1High levels of detectable resadue in the sed-

%

irment did not coincide with peak periods orf rarnfall as was

‘ observed for residues 1n soil water. Perhaps the parent



Table 10. trazine (parts/million) in sediment on Macdonald College Farm 1972.
A ré;ine from differcnt locations. . .
7~ (ﬁi“géﬁ%f ﬂkitlhuﬁ&b“S i
Locatiagns
Day Sampling Tile Tile ' Lake Lake
No. Drain #4 Drain #5 : (Northwest ) (Southwest)
1 24/5/72 (0.0001 (0.0001 > (0.0001 ¢0.0001
3 26/5/72 {0.0001 (0.0001 (0.0001 L0.0001
7 30/5/72 0.002 0.002 T £0.0001
14 6/6/72 ' {0.0001 {0.0001 {0.0001 (0.0001
21 13/6/72 (0. 0001 £0.0001 {0.0001 ¢d.0001
] _A'
28 20/6/72 (0.0001 {0.0001 {0.0001 ‘{‘}L0.000I
58 20/7/72 ° 0.002 {0.0001 C {0.0001 ({0.0001
- 93 29/8/72 {0.0001 {0.0001 (0.0001 (0.0001
128 28/9/72 - 0.004 0.002 0.002 0.001

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

-~ {0.0001

An amount less than the limit of detection of 0.0001 (parts/million) for 100 g

of sediment.
\

’
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rmolecule was either converted to one or more of its water

>

soluble metabolites, and hence was not detectable by the
methods used, or perhaps microbial degradation of the erent
compound occurred in the lake bottom.

Because of the limited solubility of atrazine and the
high clay content of the soil, vertical leaching to the lower
soil layers and hence release into the s0il solution wa; a
slow process. Slow movement in the lower soil layers even-
tually resulted in transportation into run-off water to the
tile drains and the lake water. As the amount ¢f residue in
the lake water increased, precipitation of ﬁﬁg—ztrazine resi-
due to the lake bottom also increased. This eventually re-
sulted in the detectable amounts of residue towards the end

s

of the sampling period.
>



GENERAL DISCUSSION AND CONCLUSIONS

Problems arise following repeated application of atra-
zine when highly sensitive crops are grown in rotation with
corn. This was reported hg Frank (1966) for sugar beet.

Soil carry-over residues of atrazine depend on the rate of
application. Roadhouse and Birx (1964) showed that an appli-
cation of 2% 1lb/acre of atrazine to a soil on which corn was
planted did not result in injury to barley grown on this same
soil afterwards. However, at an application rate of 10 1b/
acre crop injury resulted.

During the two-yvear study reported here, an applica-
tion rate of 2% 1lb/acre was used. Adequate weeé control in
the crop was obtained, with negligible soil carry-over resi-

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

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

L

and suggests that dosage and sensitivity of the follow-up
crop might not always be adeguate 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 mole-
cule in the soil environment. The effect of the parent mole-
cule on soil microflora and its microbial degradation has

’

€5
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been 1nvestigated by Kaufman (1964), McCormick et al. (1966)
and Fink et al. (1988). Investigation of the role of atra-
zine metabolites in the environmeqy appear to havé been con-
fined to the metabolites found in the corn plant (Shimabukuro
et al., 1967,1968,1971; Lamoreux et al., 1970,1972). The

3011 13 2 heterogenous mass and as a result of its complex-
itx, the interplay of environmental factors can afféct ar
influance the activity of a particular pesticide in the field.
There 1s still need for further research on the effect of the

N
metabolites of atrazine on the soil environment.

Many of the investigations reported in the literature
have been adsorption and desorption sépdies of atrazine in
varicas soxrl types, e.g. studies of the leaching and move-
ment {Burnside et al., 1963; Talbert and Fletchall, 1964;
Bailey and White, 1970).::Such studies, although they appear
to offer an explanation and possible demonstration that this
vesticide has limited solubility, do not provide information
that c¢an be used to predict either adsorption onto the soil,
onto lake sediment or transég} ion in field run-off water.
In order that experiments with atrazine may be more useful,
futur= work should be focussed on the measurement of adsorp-

tion, desorption, rather than inferring them from observa-

-

ticns based on the distance of travel of this pesticide in

.
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~ tye R

soil slayers in leaching experiments, where water relations

- a

are uncontrollable and usually unpredictable.

Helling (1970) has suggested that the possible routes

towards environmental contamination by pesticides include

vertical leaching to ground water and surface movement. The
» o

low levels obtained for soil, run-off water and lake sedi-

%

ment seem to suggesi that this compound does not appear at

—

this moment o impose a serious threat to the environient. -

o > — ”‘{‘N’:‘C* e -

The use of atrazine in corn production therefore appears to
be advantageous. Adequate weed‘contrgl in the crop was ob-
tained at a very low rate of herbicidal application. Soil

carry-owver residues were negligible, while residue levels

in ﬁiéld run-off water and lake ‘bottom sediment ‘were low.
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Table I. Operating parameters for gas liquid chromatography. Alkali flame ionization
dectector.
. Attenu- Qty. of
ator Chart Speed Pesticide Gas Flow Pesticide Column Oven Theor-
. Settings and Recorder Column Giving % Rates Retention Matl.«& Temps ctical:
Detector (amp/ml) Impedence Packing F.S.D.(a) {(ml/min) Time Dimension (0°C)° Plates
}
Cesiym  32x10710  1/3"/min 1% Ov-lon 80 ng N,=30(b) 3 min 5'x1/8" _Column
oven
Bromide l6x10"lo Porapack- Atrazine H2=2O(c) I.D. =20%1
: 30 - )
(salt tip)8x10~10 1 Mv impe- 100/120 Air=180 . Brass Dector= Not
dence mc%h (on Col 22511 Cal-
. sample injec- cula-
injec- tor | ted
. v tor) oven=
y
. - 225%1

A

(2) =
. 4 x 10710 amps,/mv. -

3 < -

(b)

(c) =

-

i\iifj}er gas (NZ) flow rate measured at column outlet.

flow rates with the AFID measured at the detector jet.

Full scale deflection on the recorder chart measured at attenuation setting of

QL
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SOIL WATER AND SEDIMENT SAMPLING SITES 1972 .,
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