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ATRAZINE: ENVIRONMENTAL CONTAMINATION
AND ECOLOGICAL EFFECTS
Atrazine, one of the two most commonly used agricultural pesticides in the U.S., is a pervasive water contaminant.
It is typically the most common pesticide found in rivers, streams, and groundwater. The U.S. Geological Survey’s
(USGS’s) recent national monitoring study found atrazine in rivers and streams, as well as groundwater, in all 36 of
the river basins that the agency studied. It is also often found in air and rain; USGS found that atrazine was detected
in rain at nearly every location tested. Atrazine in air or rain can travel long distances from application sites.
In lakes and groundwater, atrazine and its breakdown products are persistent, and can persist for decades. In soils,
it is also persistent. Half lives (the amount of time required for 50 percent the atrazine applied to disappear) can be
over 100 days in surface layers of soils. Below the surface, atrazine can persist for years.
Low concentrations of atrazine cause a variety of adverse effects in fish, including reduced sperm production,
disruptions of normal behavior, kidney damage, and decreased ability to withstand warm temperatures.
The hormone systems of both amphibians and alligators are disrupted by atrazine.
Atrazine causes genetic damage in a variety of plant species, including corn and sorghum (on which it is commonly
used). Atrazine also stimulates fungi that cause plant diseases, including the common root rot Fusarium.
Atrazine can damage natural communities. For example, in a pond community, atrazine (at a concentration of 20
parts per billion) caused reductions in populations of aquatic plants, aquatic insects, and the fish that feed on them.
Simulated drift of atrazine (at 8 percent of typical application rates) modified the abundance and dominance of
winter annuals in a Pacific Northwest plant community and also reduced its productivity.

BY CAROLINE COX
Figure 1
Atrazine

T

he herbicide atrazine (Figure 1)
is “one of the two most widely used
agricultural pesticides in the U.S.”1 according to the U.S. Environmental Protection Agency (EPA). It is primarily
used on corn, sorghum, and sugar
cane.1 This article summarizes research
about its contamination of the environment and its ecological hazards; an earlier article discussed its toxicology (JPR
21(2):12-20). The first ten sections of
this article discuss aquatic ecosystems,
where atrazine is a pervasive contaminant. The last six sections, beginning
on p.17, discuss terrestrial ecosystems.
Contamination of Rivers and
Streams
Atrazine frequently contaminates
rivers and streams, according to the

Caroline Cox is NCAP’s staff scientist.

12

Cl
N
CH3CH2HN

N
N

NHCH(CH3)2

2-chloro-4-ethylamino-6isopropylamino-s-triazine

U.S. Geological Survey’s (USGS’s) National Water-Quality Assessment Program (NAWQA) begun in 1991. USGS
has compiled data from the first 20
river basins studied by NAWQA and
the summary paints a startling picture
of atrazine contamination.2 Atrazine
was the most commonly detected pesticide in river basins from all three
land uses studied (agricultural, urban,
and mixed), and the atrazine breakdown product deethylatrazine was also
commonly found. In agricultural basins, USGS found atrazine in about

two-thirds of the samples tested. In
urban basins, USGS found atrazine in
70 percent of the samples. In major
rivers with mixed land uses, USGS
found atrazine in 80 percent of the
samples. Concentrations were as high
as 120 parts per billion (ppb) in agricultural basins, 14 ppb in urban basins, and 22 ppb in river basins with
mixed land uses.2 At both agricultural
and mixed land use sites, concentrations were close to or exceeded the
U.S. drinking water standard of 3 ppb
in about 5 percent of the samples.3
For information about contamination
of a particular river basin, the NAWQA
web site is an excellent resource:
http://water.usgs.gov/pubs/nawqasum.
NAWQA and other studies document important patterns in atrazine’s
contamination of rivers and streams:
• Atrazine contamination is not geographically restricted. It is common
in the midwestern “Corn Belt” where
use is widespread, but rivers and
streams from all 36 basins that have
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been studied by NAWQA are contaminated.4 (See Figure 2.) Contamination is common in locations as diverse as Oregon’s Willamette Valley,5
south-central Texas,6 Denver, Colorado,7 and New York’s Hudson River.8
• Highest atrazine concentrations are
found in rivers and streams when
there is rain following spring atrazine applications to agricultural land.
These pulses of atrazine can exceed
the drinking water standard set by
EPA and are not removed by conventional water treatment.9 For example, the cities of Lincoln and
Omaha, Nebraska, draw their water
from wells that are “hydraulically
connected” (located near and using
the same water) to the Platte River
at Louisville, Nebraska. USGS found
atrazine above EPA’s drinking water
standard in one third of the samples
of river water from Louisville.10
• However, atrazine is often found
year round, although concentrations
are lower than they are during the
spring. 7,11 Atrazine found during

other seasons probably enters the
river from contaminated groundwater. This contamination can originate
at “some distance from the river.”11
• Heavy rainfall and full streams lead
to the highest pulse concentrations
of atrazine, indicating that it is “a
readily available constituent in the
watershed that is being washed off
in proportion to the amount of excess rainfall (runoff).”12 Smaller rivers have larger and more abrupt
pulses, while in large rivers, elevated
concentrations can be spread out
over several months.13
• There is not a simple relationship
between atrazine use and levels
found in rivers and streams. USGS
scientists recently summarized atrazine loads in the Mississippi River
between 1975 and 1997. While atrazine use in this basin declined during this period (from 38,000 to 25,000
tons), atrazine loads in the river did
not decrease.14 In smaller rivers and
streams, however, and over a shorter
time period (1989-1994), USGS found

Figure 2
Contamination of Water (Rivers, Streams, and Groundwater)
in the U.S.

atrazine detected in
ground and surface water

Source: U.S. Geological Survey. National Water-Quality Assessment (NAWQA) Program. 19982000. Circulars 1144,1150, 1151, 1155-1171, 1201-1216. http://water.usgs.gov/pubs/
nawqasum/.

The U.S. Geological Survey found atrazine in both surface water (rivers and streams) and in
groundwater in all 36 river basins that the agency has studied.

significant decreases in concentration even though use had declined
only slightly. One possible explanation is that restrictions in atrazine
use were implemented at this time.15
• Atrazine contamination of water is
not restricted to areas downstream
from where it is used. For example,
British researchers who intensively
studied a small watershed concluded
that “atrazine was found at relatively
high concentrations when it had not
been applied to any of the fields
draining to the sampling point.”16
Contamination of
Groundwater
Atrazine commonly contaminates
groundwater. It has been found in the
groundwater of all 36 river basins studied by USGS.4 Atrazine was often the
most common pesticide detected.
Deethylatrazine, formed when atrazine
breaks down, was also common. About
one-third of the agricultural well
samples were contaminated with atrazine in the first 20 basins studied, as
were about 15 percent of the urban
samples and 10 percent of the samples
from mixed use basins.2
For results of USGS monitoring for
a particular river basin, the NAWQA
web site is an excellent resource:
http://water.usgs.gov/pubs/nawqasum.
Important reasons for atrazine’s
presence in ground water are its widespread use and long persistence.17
Reducing atrazine use can reduce
groundwater contamination. For example, atrazine use in Iowa declined
by 12 percent between the mid-1980s
and the early 1990s. Over the same
interval, the frequency of atrazine-contaminated wells declined 14 percent.18
As with rivers and streams, atrazine
has contaminated groundwater in areas
where it has not used nearby. Researchers from Environment Canada
studying prairie springs found atrazine
when “it was not used anywhere in
the vicinity of the aquifers.”19 They
suggest that transport in the atmosphere is the most likely source.19
Contamination of Rain
Atrazine is commonly found in rain.
A USGS compilation of national, multistate, state, and local monitoring
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studies showed that atrazine was found
at nearly every site where rainfall was
collected.20 (See Figure 3.) In some
cases, concentrations in rain are above
drinking water standards.21 The amount
of atrazine deposited in rain can be
large. For example, USGS calculates
that the rain deposits 110,000 kilograms
of atrazine in the Mississippi River basin every year, over one-third as much
as is carried annually by the river.22
Rain also can be a significant source
of atrazine in the ocean: University of
South Carolina researchers calculated
that a two or three day rainstorm deposited atrazine along the South Carolina coast equal to 10 percent of the
amount deposited annually by rivers.23
Rain can carry atrazine long distances;
for example, atrazine is deposited in
rain in the remote Isle Royale National
Park in Lake Superior.24 Atrazine has
also been found in fog in California.25
Persistence in Lakes and
Ponds
According to EPA, atrazine “should
be somewhat persistent”26 in lakes or

other water bodies with still water. In
fact “somewhat persistent” may be an
understatement. For example, USGS
scientists estimate that persistence in
deep lakes “may exceed 10 years”24
and calculated that breakdown of atrazine in Lake Superior is “very slow
(about 1 percent per year).”27 Swiss
scientists came to similar conclusions
after studying a group of lakes: a small
amount of atrazine degraded during
the summer, otherwise the only losses
of atrazine were by flushing. In 1989,
Switzerland instituted “drastic application restrictions” for atrazine, but the
amount of atrazine in the lakes did
not decrease through 1994.28
Persistence in ponds is less, but still
significant. German researchers found,
for example, that the atrazine concentration in experimental ponds in April
was over half what it had been the
previous September, immediately after
addition of atrazine.29
Persistence in Groundwater
Atrazine is persistent in groundwater. For example, in a laboratory study,

Figure 3
Atrazine in Rain
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Source: Majewski, M.S. and P.D. Capel. 1995. Pesticides in the atmosphere: Distribution,
trends, and governing factors. Chelsea, MI: Ann Arbor Press, Inc. Pp.78-80.

The USGS compiled national, multistate, state, and local studies of pesticide contamination of
rain. Atrazine was the most common pesticide the agency detected and was found at almost
every site.
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the half life for atrazine in groundwater sediments was almost 6 years30
and a two month study “did not show
a significant decrease”31 in atrazine
concentrations. In Delaware, USGS researchers estimated that the atrazine
breakdown product deethylatrazine
persisted for 25 years.32
Effects on Fish
In laboratory studies, atrazine has a
wide variety of effects on hormone
systems. (See JPR 21(2):14-15.) Such
effects can also occur in fish. For example, the startlingly low concentration of 0.04 ppb reduced the release
of a sex hormone from testes cells in
Atlantic salmon and reduced their milt
(sperm) production by about 50 percent, according to a study by British
fisheries biologists.33 (See Figure 4.)
A USGS study of fish from 11 river
basins nationwide had similar results.34
The researchers found a striking relationship between pesticide contamination of river water and the ratio of the
“female” sex hormone to the “male”
sex hormone in fish. (Quotes indicate
that both hormones are found in animals of both genders.) In female fish,
levels of a “female” hormone are normally 4 times higher than levels of a
“male” hormone, but this ratio declined
at higher pesticide concentrations. At
the highest pesticide concentrations
(2.9 ppb), amounts of the two hormones were equal, as is typical for
male fish from uncontaminated water.
The steepest decline in the hormone
ratio occurred at concentrations less
than 1 ppb. USGS says that data are
“not sufficient to determine which specific pesticides or groups of pesticides
could be responsible.”34 However, atrazine appears to be important. For
example, in the Platte River at Louisville, Nebraska, the site with the highest dissolved pesticide concentrations,
atrazine was found in every sample,
with peaks above 20 ppb.35
Effects on fish behavior have been
observed when they are exposed to
extremely low concentrations of atrazine. At a concentration of 0.5 ppb,
the behavior of goldfish was affected:
researchers observed more “burst
swimming,” a sudden spurt of nondirected movement, followed by
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Effects on Snails
Researchers from the University of
Barcelona showed that freshwater
snails searched for algae at a higher
speed in streams treated with 15 ppb
atrazine than they did in untreated
streams. The snails in treated streams
also had different searching patterns.45
Effects on Amphibians
Two studies have documented effects of atrazine on amphibians at rela-

Figure 4
Atrazine Decreases Sperm Production in Salmon
40

Sperm production
(milligrams per gram of body weight)

immobilization of the fish. Burst swimming is a part of the normal alarm
reaction of goldfish, but when this
behavior occurs frequently, it “can increase the vulnerability of fish to predation.”36 At a concentration of 1 ppb,
reproductive behaviors are disrupted.
Male salmon normally respond to the
smell of urine from female salmon that
have recently laid eggs. However, atrazine (1 ppb) reduces this response.37
At slightly higher concentrations,
other effects occur. Stress (measured
by an increase in blood protein) occurred in rainbow trout at a concentration of 3 ppb.38 At 5 ppb, Goldfishes’ grouping behavior decreased,36
swimming behavior of zebrafish was
altered,39 and kidney damage occurred
in rainbow trout.40 At 10 ppb, the ability of shiners to withstand warm temperatures decreased41 and trout kidneys were damaged.42
Significant effects on reproduction
of fish can occur at slightly higher
atrazine concentrations. The number
of offspring produced by bluegill sunfish was over 90 percent less in ponds
treated with 20 ppb of an atrazine
herbicide than in untreated ponds. The
small number of offspring produced
was related to the lack of prey for the
bluegills. Atrazine killed the aquatic
plants in the ponds, and greatly reduced the number of insects available
as food. Bluegill in the treated ponds
had less than 20 percent as much prey
in their stomachs as did fish in untreated ponds. The numbers of mayflies, dragonflies, and beetles were particularly reduced. (20 ppb was the lowest concentration tested in this study.)43
A similar experiment, lasting three
years instead of four months, had similar results.44

30

Note: Lines above the bars
are standard errors of the
means.

20

10

0
Unexposed
fish

0.04 ppb

3.6 ppb

6.0 ppb

14.0 ppb

Fish exposed to atrazine

Source: Moore, A. and C.P. Waring. 1998. Mechanistic effects of a triazine pesticide on
reproductive endocrine function in mature male Atlantic salmon (Salmo salar L.) parr. Pest.
Biochem. Physiol. 62:41-50.

Atlantic salmon exposed to low concentrations of atrazine (as low as 40 parts per trillion)
produced less sperm than unexposed fish. Researchers initiated sperm production by exposing
the fish to urine from female fish who had been laying eggs.

tively low concentrations. A study conducted by scientists at the University
of Mississippi found that concentrations of 20 ppb increased mortality of
tadpoles of the frog Hyla chrysoscelis.46
A USGS study of larval tiger salamanders found that 75 ppb of atrazine caused blood levels of one growth
hormone (thyroxine) to rise and another (corticosterone) to decrease. The
result was to slow down the salamanders’ metamorphosis.47
Effects on Alligators
Intensive studies over the last decade have evaluated the effects of hormone-disrupting pollutants on Florida
alligators. Atrazine, because it is a frequent water contaminant was included
in some of these studies. Led by a
zoologist from the University of Florida,
these studies showed that atrazine inhibited activity of two hormones, one
related to estrogen and one related to
progesterone, in female alligator oviduct.48 In addition, atrazine increased
the activity of an enzyme that con-

verts “male” sex hormones into “female” ones. The activity of this enzyme in male hatchlings from eggs
treated with atrazine was intermediate
between that typically found in males
and that typically found in females.49
Effects on Aquatic
Arthropods
Concentrations of 20 ppb caused
dramatic declines in the abundance
and diversity of plant-eating insects in
experimental ponds in a study conducted at the University of Kansas. The
number of adult insects emerging from
the treated ponds was almost 90 percent less than emergence in untreated
ponds, and diversity was almost 60
percent less.50
Much lower concentrations (0.1 and
1.0 ppb) caused declines in the population of water fleas in experiments
conducted at a lake in northern Germany. In enclosures treated with atrazine, the populations of water fleas
were less than 1/10 of the populations in untreated enclosures.51 In an-
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Figure 5
Low Concentrations of Atrazine Reduce Photosynthesis by
Marine Algae
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Source: Bester, K. et al. 1995. Biological effects of triazine herbicide contamination on
marine phytoplankton. Arch. Environ. Contam. Toxicol. 29:277-283.

Exposure of North Sea algae to extremely low concentrations (0.12 ppb) of atrazine caused a
decrease in the ability of the algae to photosynthesize. Triazine herbicides are typically found in
the German Bight, part of the North Sea, at this concentration.

other experiment with water fleas, concentrations of 5 ppb during development skewed the sex ratio so that more
males than expected were born.52
Effects on Algae
An expert panel convened by Ciba
Crop Protection, atrazine’s major U.S.
manufacturer, to look at ecological
risks of atrazine concluded that algae
were “the most sensitive organisms”53
but recovered quickly or reestablished
so that “ecologically important”53 effects required concentrations above 50
ppb.53 However, a variety of studies
have documented effects well below
50 ppb. Examples include the following:
• German scientists measured reductions in photosynthesis and productivity of marine algae at 120 parts
per trillion (0.12 ppb), a concentration at which triazines are often found
in the North Sea.54 (See Figure 5.)
• French scientists found that 2 ppb
of atrazine changed the abundance
of the dominant algae species in experimental ponds.55 This team of re-
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searchers also showed that 10 ppb
inhibited the growth of the bluegreen algae in the spring but stimulated growth during the summer.56
• British and Belgian biologists found
that concentrations of atrazine above
3 ppb reduced chlorophyll levels in
algae in experimental streams and
concentrations above 11 ppb
reduced the amount of algae.57
• German scientists measured almost
a 25 percent reduction in photosynthesis in a freshwater green algae
exposed to 12 ppb of atrazine.58
• Biologists from the University of
Nebraska found that 12 ppb of atrazine reduced the amount of algae in
experimental streams.59
• A study conducted by EPA researchers in experimental Minnesota wetlands found that algae exposed to
15 ppb were less productive than
algae is untreated wetlands. This
decrease in productivity led to a decrease in the amount of nutrients
taken up by the algae.60
• Another team of German scientists

showed that 20 ppb of atrazine reduced the abundance of algae in
experimental ponds.61
All of these studies take on increased significance because of other
studies which document the conditions
under which atrazine is most toxic to
algae. One such study was conducted
by scientists from the University of Nebraska and the U.S. Fish and Wildlife
Service. The study showed that a species of algae from the Platte River (Nebraska) exposed to chronic atrazine
contamination at low levels (1 ppb)
was more susceptible than unexposed
algae to pulses of higher concentrations such as commonly occur in the
spring and early summer. The researchers commented on the “important environmental implications” of these findings because their exposure scenarios
mimicked those found in the Platte
River.62 A second study (by the French
researchers mentioned above) showed
that algae communities are most sensitive to atrazine in the early summer.63
A third study (by researchers at Western Illinois University) found that low
concentrations of the insecticide
malathion increased the toxicity of atrazine to algae.64 Malathion is one of
the most frequently detected insecticides in rivers and streams.2
Effects on Aquatic Plants
The Ciba expert panel mentioned
above also considered the effect of
atrazine on aquatic plants and concluded “atrazine concentrations of 20
µg/L [ppb] result in little or no adverse effects on the function of aquatic
plant communities.”53 However, a variety of studies have documented effects at or below 20 ppb. Examples
include the following:
• Researchers from the University of
Ulm (Germany) showed that 2 ppb
of atrazine decreased photosynthesis of a water moss to about 10 percent of that in unexposed plants.65
• A biologist from the University of
Sydney (Australia) found that 10 ppb
of atrazine caused a decrease in photosynthesis of a seagrass.66
• Smithsonian Institution scientists
measured 50 percent mortality and
reduced reproduction of wild celery
exposed to 12 ppb of atrazine.67
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Effects on Aquatic
Ecosystems
The effects on individual species
summarized above can have special
impacts on entire aquatic communities. For example, in the study of water fleas (see pp. 15-16), researchers
found that populations declined after
treatment with very low concentrations
of atrazine (0.1 and 1.0 ppb), only
when the entire community was studied. The population decline was caused
because the water fleas did not have
enough food to produce eggs. However, tests with the water flea alone,
or with the water flea together with
an algae that is an important food
source, showed effects only at much
higher concentrations. Including competitors and predators is a likely reason for the increased sensitivity of the
experiment with natural communities.51
Similar complex interactions were
found in a University of Kansas experiment that used experimental ponds
to mimic natural communities. Decreases in aquatic plants led to decreases in the insects and tadpoles that
use the plants for food and shelter,
and then to decreases in the number
of fish which feed on the insects. The
authors of the study concluded that “a
whole ecosystem can produce or
experience effects of the chemical, or
lack of effects, that are difficult to identify when only a portion of the ecosystem is used for the assessment.”44
Contamination of Air
Atrazine is often found in air. Monitoring studies have found atrazine in
air both near areas where the herbicide has been used in corn or sorghum production68-71 as well as in areas distant from atrazine use. Examples
of remote locations where atrazine has
contaminated air samples include the
Bering Sea72 and the southern shore
of Lake Superior.71 (See Figure 6.)
Persistence in Soil
The results of field studies measur-

ing atrazine’s half-life vary widely as
is the case with many pesticides. (The
half-life is the time taken for 50 percent of the atrazine applied to disappear, including leaching, runoff,
break down, and vaporization.) The
shortest half-life in one compilation
by the U.S. Department of Agriculture
(USDA) is 13 days, and the longest is
173 days.73 Another USDA compilation for just the north central U.S. reviews studies with half-lives between
14 and 109 days.74
These relatively long half-lives mean
that significant amounts of atrazine
persist for more than a year. For example, French scientists intensively
studied the fate of atrazine in the upper meter of soil in a corn field on an
experimental farm, with applications
rates approximately 1 kilogram per
hectare (0.9 pounds/acre). They found
that about 40 percent persisted from
one year until the next.75 USDA researchers found that residues of atrazine persisted for two years after treatment in an Iowa corn-soybean farm.76
In certain types of soils, atrazine
can be particularly persistent. Danish
researchers found that soil from a
freshwater wetland was unable to com-

pletely break down atrazine.77 Because
of atrazine’s long persistence in wetlands, USDA and Clemson University
scientists calculated that a wetland
buffer would have to be at least 100
meters (325 feet) wide in order to mitigate atrazine-contaminated runoff.78
Subsurface soils break down atrazine only slowly: For example, atrazine persisted almost 3 years in soil
150 cm (5 ft.) below the surface of a
University of Arkansas experimental
farm.79 Subsoil beneath an industrial
area where atrazine had been applied
for 20 years leached atrazine 8 years
after the last application was made.80
Effects on Earthworms
A study conducted by researchers
from a Hungarian university showed
that earthworms living in soil treated
with an atrazine herbicide grew more
slowly and reproduced less than earthworms living in untreated soil.81
Effects on Insects
As an herbicide, it is perhaps surprising that atrazine has adverse effects on insects. However, atrazine can
cause genetic damage in insects, kill
beneficial insects, and increase the

Figure 6
Atrazine in Air
Percent of samples in which atrazine was detected

• Researchers from the University of
Kansas showed that concentrations
of 20 ppb reduced the growth and
abundance of aquatic plants in experimental ponds.44
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Source: Foreman, W.T. et al. 2000. Pesticides in the atmosphere of the Mississippi River
Valley, part II—air. Sci. Tot. Environ. 248:213-226.

A study of air along the Mississippi River found atrazine contamination was widespread; it
occurred in both urban and rural air as well as in air from a remote site near Lake Superior.
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Effects on Terrestrial Plants
As an herbicide, by definition atrazine is acutely toxic to most plants.
However, atrazine also has other kinds
of important effects on plants including the ability to cause genetic damage and the ability to stimulate disease-causing fungi.
• Genetic damage: Some of the early
research done concerning atrazine’s
ability to cause genetic damage was
done with sorghum, a crop on which
atrazine is often used. Two studies
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done at Kansas State University
showed that atrazine, applied at typical agricultural rates, caused chromosome abnormalities.89,90 Researchers from the University of Illinois
and Hope College (Illinois) found
similar results in experiments with
corn: applications of a commercial
atrazine product at a typical agricultural rate doubled the frequency of
a mutation in pollen grains.91 Laboratory studies have shown that atrazine also can cause genetic damage
in onions, vetch,92 barley,93,94 and

Tradescantia (spiderwort).95
• Diseases: Research showing that
atrazine can stimulate disease-causing fungi dates from the 1960s and
1970s. Researchers from Auburn University showed that concentrations
of atrazine about two times what
would be expected under typical
rates of use stimulated the growth
of Sclerotium rolfsii, a “destructive”
fungi that parasitizes plant roots.96
Researchers from Michigan State
University showed that atrazine increased the abundance of root rot

Figure 7
Synergistic Toxicity of Atrazine and Insecticides
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potency of insecticides.
• Genetic damage: According to studies conducted at Berhampur University (India) and Western Illinois University, atrazine, both alone82 and in
a commercial product,83 caused sexlinked lethal mutations in fruitflies.
• Beneficial insects: Insects that kill
agricultural pests are often called
beneficial insects. Atrazine herbicides
can kill some species of these insects. For example, the International
Organization for Biological Control
found that the atrazine herbicide
Gesaprim 50 caused over 99 percent mortality of a predatory beetle
and over 50 percent mortality of both
a parasitoid wasp and a predatory
fly. In the field portion of this study,
only mites, a relative of insects and
spiders, were tested, but the atrazine herbicide caused over 50 percent mortality of one of the two
predatory species tested.84 Another
study found effects on soil insects
in an experimental corn field after
atrazine treatment. Populations of
springtails, immature beetles, and
immature flies were reduced over
50 percent four months after
treatment.85
• Synergy: Synergy occurs when the
potency of two compounds mixed
together is greater than the sum of
their individual potencies. Atrazine
synergistically increases the toxicity
of insecticides in the organophosphate chemical family, including
malathion, methyl parathion, and
chlorpyrifos, as well as DDT, a notorious chlorinated hydrocarbon.86,87
(See Figure 7.) Atrazine and insecticides are frequently found together
in urban streams.88
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Source: Pape-Lindstrom, P.A. and M.J. Lydy. 1997. Synergistic toxicity of atrazine and
organophosphate insecticides contravenes the response addition mixture model. Environ.
Toxicol. Chem. 16: 2415-2410.

Atrazine increases the toxicity (lowers the lethal concentration) of common insecticides to a midge,
Chironomus tetans, that is an important part of aquatic food webs.
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(Fusarium) in soil. Concentrations
of 5 parts per million (ppm), about
what would be expected under typical application rates, caused approximately a 2.5-fold increase in the
number of root rot spores. A field
study had similar results.97 Researchers at Pennsylvania State University
showed that atrazine treatment (1
and 5 ppm) of a corn variety that is
resistant to maize dwarf mosaic virus increased the susceptibility of the
corn to the virus.98
Development of Atrazine
Resistance
Several weeds have developed resistance to atrazine; that is, they are
not killed by amounts of atrazine that
would normally cause mortality. For
example, atrazine-resistant strains of
the weeds Chenopodium and
Amaranthus were collected from corn
fields that had been treated with atrazine for 12 years.99 Rigid ryegrass developed resistance to atrazine after 5
seasons of use.100
Effects on Natural Plant
Communities (Terrestrial)
Like all pesticides, if atrazine drifts
from the application site, it can impact surrounding areas. An EPA study
looked at the effects of airborne atrazine at fractions (8 and 16 percent) of
the amounts applied in agriculture in
order to document some of these impacts. The study found that atrazine
modified the abundance of certain species in a community of Pacific Northwest plants that were winter annuals.
The most dominant species was replaced and the community overall was
simplified. Community productivity, the
amount of plant material produced,
decreased.101
References
1. U.S. EPA. 2001. Atrazine: HED’s revised preliminary human health risk assessment for the
reregistration eligibility decision (RED). Washington D.C. Pp. 5,7. www.epa.gov/oppsrrd1/
reregistration/atrazine/index.htm.
2. U.S. Geological Survey. 1999. The quality of
our nations’s waters—nutrients and pesticides.
USGS Circular 1225. Pp. 60-61.
3. Larson, S.J. 2001. Pesticides in streams summary statistics; Results of the National Water
Quality Assessment Program (NAWQA), 19921998, June 11. http://ca.water.usgs.gov/pnsp/
pestsw. (Tables 1, 2, and 3.)

4. U.S. Geological Survey. National Water-Quality
Assessment (NAWQA) Program. 1998-2000.
Circulars 1144,1150, 1151, 1155-1171, 12011216. http://water.usgs.gov/pubs/nawqasum/.
5. Wentz, D.A. et al. 1998. Water quality in the
Willamette Basin, Oregon, 1991-1995. Circular
1161. Portland OR: U.S. Geological Survey.
6. Ging, P.B. 1999. Water-quality assessment of
South-Central Texas - Descriptions and comparisons of nutrients, pesticides, and volatile organic compounds at three intensive fixed sites,
1996-1998. Austin TX: U.S. Geological Survey.
Water-Resources Investigations Report 99-4155.
7. Kimbrough, R.A. and D.W. Litke. 1996. Pesticides
in streams draining agricultural and urban areas in
Colorado. Environ. Sci. Technol. 30:908-916.
8. Wall, G.R. and P.J. Philps. 1997. Pesticides in
surface waters of the Hudson River basin, New
York and adjacent states. Troy, NY.: U.S. Geological Survey. Fact Sheet FS 238-96, Apr.
9. Ref. #2, p.66.
10. Stamer, J.K. and M.E. Wieczorek. 1996. Pesticide distributions in surface water. Journal
AWWA (Nov.) 79-887.
11. Squillace, P.J. et al. 1991. Source of atrazine,
desethylatrazine, metolachlor in a selected reach
of the Cedar River, Iowa, during base-flow conditions. In U.S. Geological Survey Toxic Substances Hydrology Prog. — Proc. of the technical
meeting, Monterey, California, March 11-15, 1991,
ed. Mallard, G.E. and D.A. Aronson. Water-Resources Investigation Rep. 91-4034. pp.189-194.
12. Land, L.F. and M.F. Brown. 1996. Water-quality
assessment of the Trinity River Basin, Texas Pesticides in streams draining an urban and an
agricultural area, 1993-1995. Water-Resources
Investigations Report 96-4114. Austin, TX: U.S.
Geological Survey.
13. Larson, S.J. et al. 1995. Relations between pesticide use and riverine flux in the Mississippi
River Basin. Chemosphere 31:3305-3321.
14. Clark, G.M. and D.A. Goolsby. 2000. Occurrence
and load of selected herbicides and metabolites
in the lower Mississippi River. Sci. Tot. Environ.
248:101-113.
15. Battaglin, W.A. and D.A. Goolsby. 1999. Are
shifts in herbicide use reflected in concentration
changes in Midwestern rivers? Enviro. Sci.
Technol. 33:2917-2925.
16. Matthiessen, P. et al. 1992. The translocation of
some herbicides between soil and water in a
small catchment. J. IWEM 6:496-504.
17. Barbash, J.E. et al. 1999. Distribution of major
herbicides in the ground water of the United
States. U.S. Geological Survey. Water-Resource
Investigations Report 98-4245. p.53.
18. Kolpin, D.W., et al. 1997. Temporal trends of
selected agricultural chemicals in Iowa’s groundwater, 1982-1995: Are things getting better? J.
Environ. Qual. 26:1007-1017.
19. Wood, J.A. 1997. Herbicide contamination of
prairie springs at ultratrace levels of detection.
J. Environ. Qual. 26:1308-1318.
20. Majewski, M.S. and P.D. Capel. 1995. Pesticides in the atmosphere: Distribution, trends, and
governing factors. Chelsea, MI: Ann Arbor Press,
Inc. Pp.78-80.
21. Ref. #2, p.19.
22. Goolsby, D.A. et al. 1993. Occurrence, deposition, and long range transport of herbicides in
precipitation in the midwestern and northeastern United States. In Goolsby, D.A., L.L. Boyer,
and G.E. Mallard. (eds.) Selected papers on agricultural chemicals in water resources of the
midcontinental United States. Denver, CO: U.S.
Geological Survey. Open-File Report 93-418.
23. Alegria, H.A. and T.J. Shaw. 1999. Rain deposition of pesticides in coastal waters of the South
Atlantic Bight. Environ. Sci. Technol. 33:850-856.

24. Thurman, E.M. and A.E. Cromwell. 2000. Atmospheric transport, deposition, and fate of triazine herbicides and their metabolites at Isle
Royale National Park. Environ. Sci. Technol.
34:3079-3085.
25. Glotfelty, D.E., J.N. Seiber, and L.A. Liljedahl.
1987. Pesticides in fog. Nature 325:602-605.
26. U.S. EPA. 2001. Drinking water exposure assessment for atrazine and various chloro-triazine
and hydroxy-atrazine degradates. Memo from H.
Nelson, Environmental Fate and Effects Division,
et al. to Pam Noyes, Special Review and
Reregistration Division. Washington, D.C., p. 8.
27. Stamer, J.K., D.A. Goolsby, and E.M. Thurman.
1998. Herbicides in rainfall across the Midwestern and Northeastern United States, 1990-1991.
USGS Fact Sheet FS-181-97. Denver CO.
28. Müller, S.R. et al. 1997. Atrazine and its primary metabolites in Swiss lakes: Input characteristics and long-term behavior in the water column. Environ. Sci. Technol. 31:2104-2113.
29. Jüttner, I. et al. 1995. An outdoor mesocosm
study to assess ecotoxicological effects of atrazine on a natural plankton community. Arch.
Environ. Contam. Toxicol. 29:435-441.
30. Gaus, I. 2000. Effects of water extraction in a
vulnerable phreatic aquifer: Consequences for
groundwater contamination by pesticides, SintJansteen area, The Netherlands. Hydrol. J.
8:218-229.
31. Papiernik, S.K. and R.F. Spalding. 1998. Atrazine, deethylatrazine and deisopropylatrazine
persistence measured in groundwater in situ
under low-oxygen conditions. J. Agric. Food
Chem. 46:749-754.
32. Denver, J.M and M.W. Sandstrom. 1991. Distribution of dissolved atrazine and two metabolites in the unconfined aquifer, southeastern Delaware. U.S. Geological Survey Toxic Substances
Hydrology Meeting — Proc. of the technical meeting, Monterey, California, March 11-15, 1991, ed.
Mallard, G.E. and D.A. Aronson. Water-Resources
Investigation Rep. 91-4034. pp.314-318.
33. Moore, A. and C.P. Waring. 1998. Mechanistic
effects of a triazine pesticide on reproductive
endocrine function in mature male Atlantic
salmon (Salmo salar L.) parr. Pest. Biochem.
Physiol. 62:41-50.
34. Goodbred, S.L. et al. 1997. Reconnaissance of
17ß-estradiol, 11-ketotestosterone, vitellogenin,
and gonad histopathology in common carp of
United States streams: Potential for contaminant-induced endocrine disruption. USGS Openfile Rep. 96-627. p.29.
35. Frenzel, S.A. et al. 1998. Water quality in the
Central Nebraska basins, Nebrasks, 1992-1995.
U.S. Geological Survey Circ. 1163. Pp.8-9.
36. Saglio, P. and S. Trijasse. 1998. Behavioral responses to atrazine and diuron in goldfish. Arch.
Environ. Contam. Toxicol. 35:484-491.
37. Moore, A. and N. Lower. 2001. The impact of
two pesticides on olfactory-mediated endocrine
function in mature male Atlantic salmon (Salmo
salar L.) parr. Comp. Biochem. Physiol . B
129:269-276.
38. Davies, P.E., L.S.J. Cook, and D. Goenarso.
1994. Sublethal responses to pesticides of several species of Australian freshwater fish and
crustaceans and rainbow trout. Environ. Toxicol.
Chem. 13:13341-1354.
39. Steinberg, C.E.W., R. Lorenz, and O.H. Spieser.
1995. Effects of atrazine on swimming behavior
of zebrafish, Brachydanio rerio . Wat. Res.
29:981-985.
40. Fischer-Scherl, T. et al. 1991. Morphological effects of acute and chronic atrazine exposure in
rainbow trout (Oncorhynchus mykiss ). Arch.
Environ. Contam. Toxicol. 20:454-461.
41. Messaad, I.A., E.J. Peters, and L. Young. 2000.

NORTHWEST COALITION FOR ALTERNATIVES TO PESTICIDES/NCAP
P. O. B O X 1 3 9 3, E U G E N E, O R E G O N 9 7 4 4 0 / ( 5 4 1 ) 3 4 4 - 5 0 4 4

19

J O U R N A L O F P E S T I C I D E R E F O R M / FALL 2001 • VOL. 21, NO. 3

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

20

Thermal tolerance of red shiner ( Cyprinella
lutrenis) after exposure to atrazine , terbufos ,
and their mixtures. Bull. Environ. Contam.
Toxicol. 64:748-754.
Zoulmi, Y., R.-D. Negele, and T. Braunbeck.
1995. Segment specificity of the cytological response in rainbow trout (Oncorhynchus mykiss)
renal tubules following prolonged exposure to
sublethal concentrations of atrazine. Ecotoxicol.
Environ. Safety. 32: 39-50.
Kettle, W.D. et al. 1987. Diet and reproductive
success of bluegill recovered from experimental
ponds treated with atrazine. Bull. Environ.
Contam. Toxicol. 38:47-52.
DeNoyelles, F. et al. 1989. Use of experimental
ponds to assess the effects of a pesticide on
the aquatic environment In Using mesocosms
to assess the aquatic ecological risk of pesticides: theory and practice, ed. Voshell, JR, pp.
41-56. Misc. Publ. Entomol. Soc. Amer. No. 75,
Dec.
Rosés, N., M. Poquet, and I Muñoz. 1999. Behavioral and histological effects of atrazine on
freshwater molluscs (Physa acuta Drap. and
Ancylus fluviatilis Müll. Gastropoda). J. Appl.
Toxicol. 19:351-356.
Britson, C.A. and S.T. Threlkeld. 2000. Interactive effects of anthropogenic, environmental, and
biotic stressors on multiple endpoints in Hyla
chrysocelis. J. Iowa. Acad. Sci. 107:61066.
Larson, D.L. et al. 1998. Effects of the herbicide
atrazine on Ambystoma tigrinum metamorphosis: Duration, larval growth, and hormonal response. Physiol. Zool. 71:671-679.
Vonier, P.M. et al. 1996. Interaction of environmental chemicals with the estrogen and progesterone receptors from the oviduct of the American alligator. Environ. Health Persp. 104: 13181322.
Crain, D.A. et al. 1997. Alterations in steroidogenesis in alligators (Alligator mississippiensis)
exposed naturally and experimentally to environmental contaminants. Environ. Health Persp.
105:528-533.
Dewey, S.L. 1986. Effects of the herbicide atrazine on aquatic insect community structure and
emergence. Ecol. 67:148-162.
Lampert, W. et al. 1989. Herbicide effects on
planktonic systems of different complexity.
Hydrobiol. 188/189: 415-424.
Dodson, S,I. et al. 1999. Low exposure concentrations of atrazine increase male production in
Daphnia pulicaria . Environ. Toxicol. Chem.
18:1568-1573.
Solomon, K.R. et al. 1996. Ecological risk assessment of atrazine in North American surface
waters. Environ. Toxicol. Chem. 15:31-76.
Bester, K. et al. 1995. Biological effects of triazine herbicide contamination on marine phytoplankton. Arch. Environ. Contam. Toxicol.
29:277-283.
Seguin, F. et al. 2001. Effects of atrazine and
nicosulfuron on phytoplankton systems of increasing complexity. Arch. Environ. Contam.
Toxicol. 40:198-208.
Bérard, A., C. Leboulanger, T. Pelte. 1999. Tolerance of Oscillatoria limnetica Lemmerman to
atrazine in natural phytoplankton populations and
in pure culture: Influence of season and temperature. Arch. Environ. Contam. Toxicol.
37:472-479.
Girling, A.E. et al. 2000. Development of methods for evaluating toxicity to freshwater ecosystems. Ecotoxicol. Environ. Safety 45: 148-176.
Schäfer, H. et al. 1994. Biotests using unicellular algae and ciliates for predicting long-term
effects of toxicants. Ecotoxicol. Environ. Safety
27:64-81.
Carder, J.P. and K.D. Hoagland. 1998. Combined effects of alachlor and atrazine on benthic

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

algal communities in artificial streams. Environ.
Toxicol. Chem. 17:1415-1420.
Detenbeck, N.E. 1996. Fate and effects of the
herbicide atrazine in flow-through wetland
mesocosms. Environ. Toxicol. Chem. 15: 937946.
Draxl. R. et al. 1994. Response of aquatic outdoor microcosms of the “split-pond” type to
chemical contamination. In Freshwater field tests
for hazard assessment of chemicals, I.R. Hill,
ed, pp.323-330. Boca Raton, FL: Lewis
Publishers.
Nelson, K.J., K.D. Hoagland, and B.D. Siegfried.
1999. Chronic effects of atrazine on tolerance
of a benthic diatom. Environ. Toxicol. Chem.
18:1038-1045.
Bérard, A. T. Pelte, and J. Druart. 1999. Seasonal variation in the sensitivity of Lake Geneva
phytoplankton plant community structure to atrazine. Arch. Hydrobiol. 145:277-295.
Torres, A.M.R., and L.M. O’Flaherty. 1976. Influence of pesticides on Chlorella, Chlorococcum,
Stigeoclonium (Chlorophyceae), Tribonema,
Vaucheria (Xanothophyceae) and Oscillatoria
(Cyanophyceae). Phycologia 15:25-36.
Hofmann, A. and S. Winkler. 1990. Effects of
atrazine in environmentally relevant concentrations on submersed macrophytes. Arch.
Hydrobiol. 118:69-70.
Ralph, P.J. 2000. Herbicide toxicity of Halophila
ovalis assessed by chlorophyll a fluorescence.
Aquat. Bot. 66: 141-152.
Correll, D.L. and T.L. Wu. 1982. Atrazine toxicity
to submersed vascular plants in simulated estuarine mesocosms. Aquat. Bot. 1982: 151-158.
Glotfelty, D.E. et al. 1990. Regional atmospheric
transport and deposition of pesticides in Maryland. In Long range transport of pesticides, Kurtz,
D.A., ed. Chelsea MI: Lewis Publishers. Ch. 14.
Ellenson, W.D. et al. 1997. An environmental
scoping study in the lower Rio Grande valley of
Texas. II. Assessment of transboundary pollution transport and other activities by air quality
monitoring. Environ. Intern. 23:643-655.
Majewski, M.S. 1998. Airborne pesticide residues along the Mississippi River. Environ. Sci.
Technol. 32:3689-3698.
Foreman, W.T. et al. 2000. Pesticides in the
atmosphere of the Mississippi River Valley, part
II - air. Sci. Tot. Environ. 248:213-226.
Chernyak, S.M., C.P. Rice, and L.L. McConnell.
1996. Evidence of currently used pesticides in
air, ice, fog, seawater and surface microlayer in
the Bering and Chukchi Seas. Mar. Pollut. Bull.
32:410-419.
U.S. Dept. of Agriculture. 1995. Pesticide properties database. http://wizard.arsusda.gov/acsl/
ppdb.html
Koskinen, W.C. and S.A. Clay. 1997. Factors
affecting atrazine fate in north central U.S. soils.
Rev. Environ. Contam. Toxicol. 151:117-165.
Tasli, S. et al. 1996. Persistence and leaching
of atrazine in corn culture in the experimental
site of La Cote Saint André (Isère, France). Arch.
Environ. Contam. Toxicol. 30:203-212.
Moorman, T.B. et al. 1999. Water quality in Walnut Creek watershed: Herbicides in soils, subsurface drainage, and groundwater. J. Environ.
Qual. 28:35-45.
Larsen, L., C. Jorgensen, and J. Aamand. 2001.
Potential mineralization of four herbicides in a
ground water-fed wetland area. J. Environ. Qual.
30:24-30.
Moore, M.T. et al. 2000. Constructed wetlands
for mitigation of atrazine-associated agricultural
runoff. Environ. Pollut. 110:393-399.
Lavy, T.L. et al. 1996. Long-term in situ leaching and degradation of six herbicides aged in
subsoils. J. Environ. Qual. 25:1268-1279.
Lode, O. et al. 1994. Leaching of simazine and

atrazine from an industrial area to a water
source; a long term case study. Norw. J. Agric.
Sci. (Suppl. 13): 79-88.
81. Fischer, E. 1989. Effects of atrazine and
paraquat-containing herbicides on Eisenia foetida
(Annelida, Oligochaeta). Zool. Anz. 223:291-300.
82. Tripathy, N, et al. 1993. Atrazine, a triazine herbicide, is genotoxic in the Drosophila somatic
and germ line cells. Biol. Zentralbl. 112:312-318.
83. Murnik, M.R. and C.L. Nash. 1977. Mutagenicity of the triazine herbicides atrazine, cyanazine,
and simazine in Drosophila melanogaster. J.
Toxicol. Environ. Health 3:691-697.
84. Hassan, S.A. et al. 1988. Results of the fourth
joint pesticide testing programme carried out by
the IOBC/WPRS-Working group “Pesticides and
Beneficial Organisms.” J. Appl. Ent. 105: 321329.
85. Popovici, I. et al. 1977. The influence of atrazine on soil fauna. Pedobiologia 17:209-215.
86. Lichtenstein, E.P., T.T. Liang, and B.N.
Anderegg. 1973. Synergism of insecticides by
herbicides. Science 181: 347-349.
87. Pape-Lindstrom, P.A. and M.J. Lydy. 1997. Synergistic toxicity of atrazine and organophosphate
insecticides contravenes the response addition
mixture model. Environ. Toxicol. Chem. 16:
2415-2410.
88. Ref. # 2. p. 76.
89. Lee, K.C. et al. 1974. Further evidence of meiotic instability induced by atrazine in grain sorghum. Cytol. 39:697-702.
90. Liang, G.H. and Y.T.S. Liang. 1972. Effects of
atrazine on chromosomal behavior in sorghum.
Can. J. Genet. Cytol. 14:423-427.
91. Plewa, M.J et al. 1984. An evaluation of the
genotoxic properties of herbicides following plant
and animal activation. Mut. Res. 136:233-245.
92. El-Ghamery, A.I. El-Nahas, and M.M. Mansour.
2000. The action of atrazine herbicide as an
inhibitor of cell division on chromosomes and
nucleic acids content in root meristems of Allium cepa and Vicia faba. Cytolog. 65:277-287.
93. Wuu., K.D. and W.F. Grant. 1967. Chromosomal
aberrations induced by pesticides in meiotic cells
of barley. Cytolog. 32: 31-41.
94. Wuu., K.D. and W.F. Grant. 1966. Morphological and somatic chromosomal aberrations induced by pesticides in barley (Hordeum vulgare).
Can. J. Genet. Cytol. 8:481-501.
95. Mohammed, K.B. and T.H. Ma. 1999. Tradescantia-micronucleus and -stamen hair mutation
assays on genotoxicity of the gaseous and liquid forms of pesticides. Mut. Res. 426:193-199.
96. Rodriguez-Kabana, R., E.A. Curl, and H.H.
Funderburk. 1968. Effect of atrazine on growth
activity of Sclerotium rolfsii and Trichoderma
viride in soil. Can. J. Microbiol. 14:1283.
97. Percich, J.A. and J.L. Lockwood. 1975. Influence
of atrazine on the severity of Fusarium root rot in
pea and corn. Phytopathol. 65:154-159.
98. MacKenzie, D.R. et al. 1970. Effects of atrazine
and maize dwarf mosaic virus infection on weight
and macro and micro element constituents of
maize seedlings in the greenhouse. Phytopathol.
60: 272-279.
99. Solymosi, P. and E. Lehoczki. 1989. Co-resistance of atrazine-resistant Chenopodium and
Amaranthus biotypes to other photosystem II inhibiting herbicides. Z. Naturforsch. 44C:119-127.
100. Burnet, M.W.M. et al. 1994. Resistance to nine
herbicide classes in a population of rigid ryegrass
(Lolium rigidum). Weed. Sci. 42:369-377.
101. Pfleeger, T. 1990. Impact of airborne pesticides
on natural plant communities. In Plant tier testing: A workshop to evaluate nontarget plant testing in Subdivision J pesticide guidelines.
Corvallis, OR: U.S. EPA. Office of Research and
Development. Environmental Research Laboratory. 29 Nov. - 1 Dec.

NORTHWEST COALITION FOR ALTERNATIVES TO PESTICIDES/NCAP
P. O. B O X 1 3 9 3, E U G E N E, O R E G O N 9 7 4 4 0 / ( 5 4 1 ) 3 4 4 - 5 0 4 4

