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Abstract   The potential for contamination of surface
and ground water by atrazine, applied pre- and post-
plant in a Eucalyptus nitens (Deane & Maid.) Maid
plantation is investigated as part of a wider based Aus-
tralian study.   These studies aim to provide forest plan-
tation managers with a better understanding of the proc-
esses involved in the behaviour of atrazine in the Aus-
tralian environment.  This information will in turn be
used to develop management systems for the contin-
ued, safe use of atrazine in forestry.

Atrazine was applied, by tractor, at 8 kg a.i. ha-1 imme-
diately prior to planting of E. nitens and again 12
months after planting in a 60 hectare catchment on the
North West Coast of Tasmania.  After spraying at regu-
lar fortnightly intervals, spot water samples were taken
over periods of nine and 12 months respectively, whilst
more intense water sampling occurred in association
with rainfall events.  Initially samples were analysed
for atrazine, total suspended solids and turbidity.  Af-
ter the post-plant spray, water samples were analysed
for atrazine and the metabolites desethylatrazine and
desisopropylatrazine.  Water sample results and rela-
tionships between water flow, metabolites and the par-
ent compound will be discussed.

The potential for the vertical movement of atrazine
through a soil profile was determined by applying
atrazine at 8 kg a.i. ha-1 to a small area at the top of the
catchment.  Soil cores were taken at 1, 7, 14, 28, 56,
112, 280, 410 and 890 days after atrazine application.
Atrazine half-life, and the potential for movement
through the soil profile, will be discussed.

INTRODUCTION

Atrazine is a pre- and post-emergent herbicide fre-
quently used in the establishment of eucalypt and pine
plantations throughout Australia.  Atrazine is also
widely used in cropping systems around the world and
both it and its degradation products have frequently
been detected in lakes throughout the United States of
America (Pereira and Hostettler, 1993; Schottler and
Eisenreich, 1994; Koplin et al., 1998).  In Australia,

atrazine has been found in streamwaters associated with
eucalypt plantation development in Tasmania (Barton
and Davies, 1993).  The detection of atrazine in water
has raised concerns throughout the world with restric-
tions on the use of atrazine now imposed in many Eu-
ropean countries.  These restrictions were a result of
atrazine exceeding the European Council (EC) drink-
ing water guidelines for all pesticides of 0.1 ppb.

For most of this decade the use of atrazine in forestry
in Australia has been under considerable pressure due
to fears about drinking water quality.  In response to
these concerns, suggested changes by Novartis to the
atrazine label were approved by the National Regis-
tration Authority (NRA) in April 1994.  The label
changes (viz. restricted rates of use and buffer zones)
relate specifically to forestry and are aimed at reduc-
ing the potential for drinking water contamination.  The
approval from the NRA carried the proviso that objec-
tive evidence be made available to support the use of
atrazine in establishing plantations.  Forest growers
around Australia responded to this pressure by form-
ing the Forest Herbicide Research Management Group
(FHRMG).

The FHRMG has been recognised by the NRA to pro-
vide a nation wide study to examine the behaviour of
atrazine under Australian conditions.  The studies can
be separated into two core trials.  i) Surface water:
Aimed at identifying the potential for atrazine to di-
rectly enter into surface waters (i.e. streams).  ii)
Ground water: Aimed at understanding the behaviour
of atrazine in Australian soils, and in turn its potential
to move vertically through soil and contaminate ground
water.  Sites have been established around Australia to
capture a range of forestry uses, climates and soils.
The only site established in Tasmania was near Ridgley
on Tasmania’s North West Coast.

MATERIALS AND METHODS

Surface water and ground water trials were conducted
on the North West Coast of Tasmania between Novem-
ber 1996 and June 1999.  The trial site (Watson’s) is
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situated on an ex-pasture site of approximately 60 hec-
tares that was purchased in 1995 by North Forest Prod-
ucts for the establishment of Eucalyptus nitens.  At
the base of the site there is a perennial stream which is
fed by intermittent streams and soak areas located
throughout the plantation, and potentially from ground
water from within the plantation.

Site preparation involved an application of glyphosate
(1350 g a.i. ha-1) several weeks prior to cultivation.
The site was then disced and mounded using a Savanna
mound plough. E. nitens seedlings were planted in
October 1996 at approximately 1,100 seedlings per
hectare.

Soils at the site were developed on basalt (ferrosol).
Typical soil pH across the site is 5.2.  The average soil
temperature at the site during the course of the study
was 13.1°C.  The average annual rainfall at the site is
1536 mm per annum (decile 1=1126 mm/annum: decile
9=2047 mm/annum).  During the course of the study
the site received 3683 mm of rain.

All applications of atrazine (Gesaprim®) were broad-
cast applied by tractor mounted booms at 8 kg a.i. ha-1.
Wind speeds for the pre- and post-plant applications
were less than 7 km hr-1.

Surface Water   The surface water study was carried
out over two years.  In the first year (November 1996),
atrazine was applied as a pre-plant spray (i.e. to bare
ground), in the second year (October 1997), atrazine
was applied as a post-plant spray over establishing
eucalypts (i.e. on to weeds).

At the base of the plantation catchment a weir with
gauge board, logger, float activated water sampler and
rain gauge was established. All spot water samples and
automatic water samples were taken at this point.

For each application of atrazine water sensitive cards
were deployed across the site to ensure atrazine was
not directly sprayed into intermittent streams, soak ar-
eas, waterways or roads.  These buffer areas reduced
the total area sprayed with atrazine to 40.5 ha.

The day immediately prior to applying atrazine a spot
water sample was taken to ensure background levels
of atrazine from the site were zero.   Atrazine was ap-
plied on November 24, 1996.  Spot water samples were
taken at regular fortnightly intervals from this date for
nine months and automatic water samples taken ran-
domly in response to increases in stream flow (i.e. rain).

Initially water samples were analysed for atrazine, tur-
bidity and total suspended solids.  A relationship be-
tween these parameters was not found and future sam-
ples were analysed for atrazine only.

A post-plant atrazine treatment was applied on the
October 23, 1997.  A water sample was taken prior to
this application to ensure atrazine background levels
were zero.  Spot water samples were taken at regular
fortnightly intervals for 12 months from this date and
automatic water samples again taken in response to
increases in stream flow (i.e. rain).  Water samples were
analysed for atrazine and the metabolites desethyl-
atrazine and desisopropylatrazine.

All water samples were analysed at the Department of
Primary Industry Water and Environment laboratory
at the University of Tasmania.  Turbidity and total sus-
pended solids were measured using American Public
Health Association Methods.  Water samples were ana-
lysed for atrazine and metabolites by solid phase ex-
traction followed by GC-MS.  The limit of detection
was 0.05 ppb.

Ground Water   Prior to applying the pre-plant atrazine
treatment potassium bromide was applied to six plots
(each 25 m × 3 mounds) at the top of the catchment at
52 kg ha-1.  Atrazine was applied the following day by
tractor mounted boom spray to four 25 m × 3 mound
plots leaving two untreated controls.

Aluminium foil targets were deployed in the trial area
to establish initial atrazine application rates.  These
targets were placed in three transects perpendicular to
the direction of spray.  Foil targets were collected im-
mediately after spraying, frozen and sent to the labo-
ratory for analysis.

Soil samples were taken from between the mounds
using a split tube corer attached to a tractor driven
hydraulic ram.  Samples were taken the day prior to
spraying then at 1, 7, 14, 28, 56, 112, 280, 410 and
890 days after treatment.  Samples were sectioned into
depths of 0-5, 5-10, 10-20, 20-30, 30-45, 45-60 and
>60 cm.  Soils samples were analysed by HPLC using
reversed-phase gradient elution with Photo Diode Ar-
ray detector.

All soils were measured for atrazine and the metabolites
desethylatrazine and desisopropylatrazine at the labo-
ratories of the Cooperative Research Centre for Soil
and Land Management and CSIRO Land and Water.
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RESULTS AND DISCUSSION

Surface Water   Under NRA guidelines, atrazine is
not to be applied or mixed within 20 m of any inter-
mittent or perennial stream, while there is to be no
application within 60 m of a dam.  For both the pre-
and post-plant application of atrazine, inspection of
the water sensitive cards immediately after spraying
indicated that atrazine was not sprayed into buffer ar-
eas, eliminating a key point of entry for atrazine into
streams.  Such ‘no spray’ buffer strips have been iden-
tified by Barton and Davies (1993) and Misra et al.,
(1996) as crucial in reducing atrazine contamination
of waterways.  Other FHRMG surface water studies
found that sprayed roads are a potential source of run
off and water contamination and so buffers should also
be maintained around all roads and tracks.

Pre-plant application   As illustrated in Figure 1,
atrazine was detected at a concentration of 0.2 ppb
immediately after spraying.  The National Health and
Medical Research Council have set a ‘health’ value
for atrazine presence in drinking water at 20 ppb and a
‘guideline’ value at 0.5 ppb.  The guideline value is
based on the general analytical limit of detection while
the health value is a toxicological based value. Al-
though below both health and guideline values, it is

difficult to identify the mode of entry of atrazine into
surface water immediately after spraying.  It may be a
result of volatilisation, or spray drift in an area where
there were no water sensitive cards.

Five days after treatment, a significant rainfall event
(55 mm in 24 hours) activated the automatic water sam-
pler.  Samples were taken over a 71 hour period.  All
samples were positive for atrazine and yielded a peak
of 2 ppb.  Nine days after this event, the plantation
had received 80.8 mm of rain and atrazine was de-
tected in the second spot water sample at a concentra-
tion of 0.2 ppb (after this date atrazine was not de-
tected in a spot water sample).  As later illustrated in
the ground water results, at the time of the first auto-
matic sampling event and the second spot sample, the
majority of applied atrazine was at the surface (0-5
cm) of the soil.  Based on the experiences of Blum et
al., (1993) it is likely that in both instances atrazine
was transported with run off to the stream system.

During the course of this study, the 2 ppb recorded in
the first automatic sampling event was the highest re-
corded atrazine concentration.  This is below the drink-
ing water health value and the concentration (20 ppb)
in which ecotoxicological effects start to appear (Huber,
1993).

Figure 1.  Watson’s water flow versus time (Nov. 20, 1996 – Aug. 10, 1997).  Water sampling dates and spot
water sample results (ppb)



Twelfth Australian Weeds Conference

414

Successive automatic water sample events occurred on
52, 59 and 184 days post spraying.  At 52 days, sam-
ples were taken over a 39 hour period with 50% of
samples non detectable (ND) for atrazine and atrazine
peaking at 0.3 ppb.  Atrazine reached a peak of 0.3
ppb in the 59 day event and was not detectable in the
184 day event.  As spot water samples taken prior to,
between and after the 52 and 59 day events were non
detectable for atrazine, and atrazine was still confined
to the upper part of the soil profile, it is likely that run
off was again the cause of these positive results.

In early automatic water samples, and in spot water
samples, no relationship was found to exist between
atrazine and either total suspended solids or turbidity.
This conforms with the literature which suggests that
atrazine is carried in the dissolved phase and not at-
tached to colloids (Pereira and Rostad, 1990; Blum et
al., 1993).

Post-plant application   As illustrated in Figure 2,
atrazine was not detected in spot water samples imme-
diately after spraying.  This is in contrast to the posi-
tive result (0.2 ppb) that was received immediately,
and at 14 days after the pre-plant treatment.

In following with the pre-plant application, the first
automatic sample event coincidentally occurred seven

days after spraying (54mm rainfall in 24 hours).
Atrazine was detected at a peak of 0.9 ppb during a 71
hour sampling period.  At the time of this rainfall event,
as with the first pre-plant event, the majority of atrazine
would be at the surface of the soil (0-5 cm).  It is again
expected that atrazine entered the stream via run off.
It is assumed that the lower concentration of atrazine
found in the automatic water samples was a response
to the presence of weeds across the site, which can
increase infiltration of run off contaminated with
atrazine Misra et al. (1996).

Atrazine is degraded by soil bacteria to give mainly
desethyl- and desisopropylatrazine, among other deg-
radation products.  These two metabolites were identi-
fied by the NRA in their Existing Chemical Review
Program (1997) as having similar toxicological pro-
files as atrazine itself.  It was suggested in this Review
that both be introduced into the health and guideline
definition of atrazine for drinking water purposes.  This
would be done in an additive fashion with the parent
compound.  It is envisaged from the FHRMG trials
that consistent ratios of atrazine and these metabolites
can be found so atrazine can be assayed alone and a
correction factor applied to the metabolites.  This would
reduce the cost of “routine” analysis.

Figure 2.  Watson’s water flow versus time (Oct. 10, 1997 – Oct. 28, 1999).  Water sampling dates and spot
water sample results (ppb)
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In the first automatic sampling event, desethylatrazine
was detected at a peak of 0.4 ppb while desisopropyl-
atrazine was not detectable.  Monitoring of atrazine
and desethyl- and desisopropylatrazine throughout the
USA indicate the metabolites are found at much lower
concentrations than the parent atrazine.  In the Missis-
sippi River and its tributaries desethyl- and
desisopropylatrazine concentrations represented 9-44%
and 0-16% respectively of detected levels of atrazine
(Pereira and Hostettler, 1993).  Although based on less
intensive sampling desethyl- and desisopropylatrazine
were found at similar levels at Watson’s (NB
desisopropylatrazine was not detected in any spot or
automatic water sample.)

A second automatic sampling event occurred 173 days
after spraying.  Neither atrazine nor metabolites were
detected during the 39 hour sampling period.

Atrazine and desethylatrazine were both detected at
0.1 ppb in a spot water sample taken 258 days after
spraying.  The water sample was taken soon after a
rainfall event (68.6 mm in 24 hours) which caused a
marked increase in water flow (see Figure 2).  As later
explained in the ground water discussion, at this time
there was approximately half the applied atrazine still
present in the upper (0-30 cm) part of the soil profile.
This, combined with substantial surface run off in re-
sponse to rain, is a possible explanation for the posi-
tive sample.

Subsequent spot samples taken after this date and up
to 12 months after treatment did not detect atrazine or
metabolites.

As desethylatrazine is more water soluble than atrazine
it has been proposed by Pereira and Hostettler (1993),
that the ratio of desethylatrazine to atrazine (DAR) may
be used as an indicator of ground water versus surface
run off recharge of streams.  DAR values in contami-
nated ground water are greater than one, while DAR
values in surface run off are between <0.1 to 0.4.  At
no stage was DAR greater than one during water moni-
toring indicating the source of contamination was not
contaminated ground water. However, more intense
sampling would be needed to conclude that surface
run off was the only source of stream contamination.

Ground Water   The aluminium foil targets indicated
that atrazine was applied at 3.87 kg a.i. ha-1.  This is
less than half the 8 kg a.i. ha-1 applied.  It is difficult to
account for such a sizeable loss, however poor recov-
ery of atrazine from the foil targets, drift and
volatilisation may be key processes involved.

As seen in Figure 3 atrazine does not readily move
through the soil profile and is predominantly confined
to the top 0-30 cm.  Within 24 hours of treatment the
site received 25 mm of rain and atrazine was detected
at a depth of 20-30 cm.  Future sampling revealed there
is little movement past this depth with atrazine detected
twice at 30-45 cm and once at 60-90 cm.  Atrazine
may have reached these depths by preferential flow
through macropores or biopores, and there is always a
possibility of contamination during sampling.  At 280
and 410 days after application atrazine was confined
to the top 30 cm (NB at the time of writing, data was
not available for samples taken at 890 days).  It has
been reported by Sparling et al. (1998) that atrazine
mineralisation can be as great as, or greater than that
in topsoils, possibly explaining the absence of atrazine
at depth.

Bromide was not detected in soil samples taken one
day after treatment.  The site received 25 mm of rain
between treatment with potassium bromide and sam-
pling.  Bromide may have moved through the profile
and beyond sampling depths with this rain. In other
studies, bromide has moved through the soil profile
quite rapidly (Kookana, pers. comm. 1999) while
atrazine was confined to the upper part of the profile,
thus indicating that atrazine does not follow the move-
ment of moisture through the profile.

Figure 3.  Watson’s soil atrazine concentration at
depth over time (cumulative rainfall)
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From these soil results it was determined by Kookana
(pers. comm 1999), that atrazine has a half-life (T

1/2
)

at Watson’s of 231 days.  This is far longer than that
found by Kookana (pers. comm 1999) in other studies
around Australia (Queensland T

1/2 
= 8-12 days, West-

ern Aust. T
1/2 

= 34 days, South Aust. T
1/2 

= 36 days).
However, it is within the range of half-lives (28 to 399
days) estimated for atrazine in the literature (Blum et
al., 1993).

The key factors involved in the degradation of atrazine
in soils have been reviewed by Sparling et al., (1998).
After application, dissipation of atrazine occurs through
chemical and biological decomposition and adsorption
onto soil.  This current study did not identify the main
environmental or edaphic factors influencing atrazine
mineralisation, however microbial mineralisation is
cited by Sparling et al., (1998) as  a major route for
atrazine decomposition.  Microbial activity is tempera-
ture and moisture dependent.  Although Watson’s re-
ceived substantial rainfall during the course of the study
low average soil temperatures (13.1°C), would have
impeded microbial activity, possibly accounting for the
long half life.

The metabolite desethylatrazine was detected at all
sampling dates, and as with atrazine the majority of
this metabolite was confined to the upper 0-20 cm of
the soil profile.  However, it was found at all sampling
depths 56 days after treatment and at 112 days at 60-
90 cm.  Concentrations of desethylatrazine were ap-
proximately 20% of the corresponding atrazine sam-
ple.  Desisopropylatrazine was not detected in soil.

Because these metabolites potentially have a similar
toxicity as their parent compound, they do have envi-
ronmental significance. This study merely looked at
the presence of two metabolites within a profile.  Fu-
ture studies could use metabolites to gain a better un-
derstanding of the fate and transport of atrazine.

CONCLUSION

Frequency of use of atrazine in forestry is typically far
less than that of other agricultural activities.  For in-
stance, North Forest Products typically use atrazine
only once in a rotation of 12 to 25 years.  In the USA,
it is high atrazine use patterns on crops such as corn
and soybeans, which has been identified as the cause
of frequent surface water contamination (Pereira and
Rostad, 1990).  From the surface water results at
Watson’s it can be concluded that atrazine is likely to

be detected in streams after forestry application, even
under proposed label restrictions.  However, it can also
be confidently stated that under these label restrictions
and infrequent applications over the length of a rota-
tion, the concentration of atrazine and metabolites will
be below drinking water health values and the envi-
ronmental limit, which could cause aquatic damage.

The ground water results alluded to a half life of
atrazine under Tasmanian conditions of 231 days.
There was little observed movement of atrazine or the
metabolite desethylatrazine to depth, indicating the
prospect for ground water contamination by each is
low.
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