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● H E R B I C I D E

F A C T S H E E T

GLYPHOSATE (ROUNDUP)
Glyphosate is a broad-spectrum herbicide widely used to kill unwanted plants both in agriculture and in
nonagricultural landscapes. Estimated use in the U.S. is between 38 and 48 million pounds per year.
Most glyphosate-containing products are either made or used with a surfactant, chemicals that help
glyphosate to penetrate plant cells.
Glyphosate-containing products are acutely toxic to animals, including humans. Symptoms include eye
and skin irritation, headache, nausea, numbness, elevated blood pressure, and heart palpitations. The
surfactant used in a common glyphosate product (Roundup) is more acutely toxic than glyphosate itself;
the combination of the two is yet more toxic.
Given the marketing of glyphosate herbicides as benign, it is striking that laboratory studies have found
adverse effects in all standard categories of laboratory toxicology testing. These include medium-term
toxicity (salivary gland lesions), long-term toxicity (inflamed stomach linings), genetic damage (in
human blood cells), effects on reproduction (reduced sperm counts in rats; increased frequency of
abnormal sperm in rabbits), and carcinogenicity (increased frequency of liver tumors in male rats and
thyroid cancer in female rats).
In studies of people (mostly farmers) exposed to glyphosate herbicides, exposure is associated with an
increased risk of miscarriages, premature birth, and the cancer non-Hodgkin’s lymphoma.
Glyphosate has been called “extremely persistent” by the U.S. Environmental Protection Agency,
and half lives of over 100 days have been measured in field tests in Iowa and New York. Glyphosate
has been found in streams following agricultural, urban, and forestry applications.
Glyphosate treatment has reduced populations of beneficial insects, birds, and small mammals by
destroying vegetation on which they depend for food and shelter.
In laboratory tests, glyphosate increased plants’ susceptibility to disease and reduced the growth of
nitrogen-fixing bacteria.

BY CAROLINE COX

Caroline Cox is JPR’s editor.
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escribed by their manufacturer
as pesticides of “low toxicity and environmental friendliness,”1 glyphosate-based
herbicides can seem like a silver bullet
when dealing with unwanted vegetation.
However, glyphosate poses a variety of
health and environmental hazards. The
following article is a summary of those
hazards.
Glyphosate, N-(phosphonomethyl)
glycine (Figure 1), is a systemic and nonselective herbicide used to kill broadleaved, grass, and sedge species.2 It has
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garden, aquatic, and forestry situations.3
Most glyphosate herbicides contain the
isopropylamine salt of glyphosate.4
Glyphosate products are manufactured
by Monsanto Company worldwide. They
are marketed under a variety of trade
names: Roundup, Rodeo, and Accord are
the most common names in the U.S.2
Unlike most other herbicides, chemicals which are closely related to glyphosate
are not effective herbicides.5

isopropylamine salt of glyphosate

been registered in the U.S. since- 1974
and is used to control weeds in a wide
variety of agricultural, urban, lawn and

Use

Glyphosate is the seventh most commonly used pesticide in U.S. agriculture,
the third most commonly used pesticide
on industrial and commercial land, and
the second most commonly used home
and garden pesticide. Estimated annual
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Figure 2
Glyphosate Use in the U.S.
Increase Since 1987
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Use of glyphosate increases about 20 percent each year.

use according to the U.S. Environmental
Protection Agency (EPA) is between 38
and 48 million pounds.6 The largest agricultural uses are in the production of
soybeans, corn, hay and pasture, and on
fallow land.7 Glyphosate use is currently
(1998) growing at a rate of about 20 percent annually, primarily because of the
recent introduction of crops which are
genetically engineered to be tolerant of
the herbicide.8 (See Figure 2.)
In the U.S., 25 million applications
are made yearly on lawns and in yards.9
Mode of Action

Glyphosate’s mode of action is “not
known at this time,”4 according to EPA.
However, considerable research has established that glyphosate inhibits an enzyme
pathway, the shikimic acid pathway, preventing plants from synthesizing three
aromatic amino acids. These amino acids
are essential for growth and survival of
most plants. The key enzyme inhibited
by glyphosate is called EPSP synthase.10
Glyphosate also “may inhibit or repress”4
two other enzymes, involved in the synthesis of the same amino acids.4 These
enzymes are present in higher plants and

4

microorganisms but not in animals.10
Two of the three aromatic amino acids are essential amino acids in the human diet because humans, like all higher
animals, lack the shikimic acid pathway,
cannot synthesize these amino acids, and
rely on their foods to provide these compounds. One is synthesized in animals
through another pathway.11
Glyphosate can affect plant enzymes
not connected with the shikimic acid
pathway. In sugar cane, it reduces the
activity of one of the enzymes involved
in sugar metabolism.12 It also inhibits a
major detoxification enzyme in plants.13
Roundup affects enzymes found in
mammals. In rats, Roundup decreased the
activity of two detoxification enzymes in
the liver and an intestinal enzyme.14
“Inert” Ingredients in
Glyphosate-containing
Products

Virtually every pesticide product contains ingredients other than what is called
the “active” ingredient(s), the one designed to provide killing action. These
ingredients are misleadingly called “inert.” The purpose of these “inerts” is to

make the product easier to use or more
efficient. In general, they are not identified on the labels of pesticide products.
In the case of glyphosate products,
many “inerts” have been identified. See
“Toxicology of ‘Inert’ Ingredients of
Glyphosate-containing Products,” p. 5,
for basic information about these “inerts.”
Many of the toxicology studies that
will be summarized in this factsheet have
been conducted using glyphosate, the active ingredient, alone. Some have been
conducted with commercial products containing glyphosate and “inert” ingredients.
When no testing is done with the product as it is actually used, it is impossible
to accurately assess its hazards.
We will discuss both types of studies,
and will identify insofar as is possible what
material was used in each study.
Acute Toxicity to
Laboratory Animals

Glyphosate’s acute oral median lethal
dose (the dose that causes death in 50
percent of a population of test animals;
LD50) in rats is greater than 4,320 milligrams per kilogram (mg/kg) of body
weight. This places the herbicide in Toxicity Category III (Caution).4 Its acute
dermal toxicity (dermal LD50) in rabbits
is greater than 2,000 mg/kg of body
weight, also Toxicity Category III.4
Commercial glyphosate herbicides are
more acutely toxic than glyphosate. The
amount of Roundup (containing
glyphosate and the surfactant POEA) required to kill rats is about 1/3 the amount
of glyphosate alone.15 Roundup is also
more acutely toxic than POEA.15
Glyphosate-containing products are
more toxic via inhalation than orally. Inhalation of Roundup by rats caused “signs
of toxicity in all test groups,”16 even at
the lowest concentration tested. These
signs included gasping, congested eyes,
reduced activity,17 and body weight loss.16
Lungs were red or blood-congested.17 The
dose required to cause lung damage and
mortality following pulmonary administration of two Roundup products and
POEA (when forced into the trachea, the
tube carrying air into the lungs) was only
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1/10 the dose causing damage orally.15,18
Effects on the Circulatory System:
When dogs were given intravenous injections of glyphosate, POEA, or Roundup
so that blood concentrations were approximately those found in humans who
ingested glyphosate, glyphosate increased
the ability of the heart muscle to contract. POEA reduced the output of the
heart and the pressure in the arteries.
Roundup caused cardiac depression.19
Eye Irritation: NCAP surveyed eye
hazards listed on material safety data

sheets for 25 glyphosate-containing products. One of the products is “severely irritating,”20 4 cause “substantial but temporary eye injury,”21-24 8 “cause eye irritation,”25-32 5 “may cause eye irritation,”3337 1 is “moderately irritating,”38 and 3 are
“slightly irritating.”39-41 The other three
products require addition of a surfactant
(wetting agent) before use,42-44 and the
surfactant sold by glyphosate’s manufacturer for this purpose “causes eye burns.”45
Skin Irritation: Glyphosate is classified as a slightly irritating to skin.

TOXICOLOGY OF “INERT”
INGREDIENTS IN GLYPHOSATECONTAINING PRODUCTS
Three glyphosate products contain
ammonium sulfate.29,30,32 It causes eye
irritation, nausea and diarrhea, and
may cause allergic respiratory reactions.
Prolonged exposure can cause permanent eye damage.46
One glyphosate product contains
benzisothiazolone.47 It causes eczema,
skin irritation,48 and a light-induced
allergic reaction in sensitive
people.49,50
Four glyphosate products contain
3-iodo-2-propynyl butylcarbamate
(IPBC).39-41,47 It is severely irritating
to eyes and increases the incidence of
miscarriages in laboratory tests.51 It
also can cause allergic skin reactions.52
One glyphosate product contains
isobutane.30 It causes nausea, nervous
system depression, and difficulty
breathing. It is a severe fire hazard.53
One glyphosate product contains
methyl pyrrolidinone.20 It causes severe eye irritation.54 It has caused fetal loss and reduced fetal weights in
laboratory animals.55
Three glyphosate products contain
pelargonic acid.29,30,32 It causes severe
eye and skin irritation and may cause
respiratory tract irritation.56

Nine glyphosate products contain
polyethoxylated
tallowamine
(POEA). 21-24,31,35-38 It causes eye
burns; skin redness, swelling, and blistering; nausea; and diarrhea.23,45
Three glyphosate products contain
potassium hydroxide.29,30,32 It causes
irreversible eye injury, deep skin ulcers, severe digestive tract burns, and
severe irritation of the respiratory
tract.57
One glyphosate product contains
sodium sulfite.34 It may cause eye and
skin irritation with vomiting and diarrhea58 as well as skin allergies.59 Exposure to small amounts can cause severe allergic reactions.60
Three glyphosate products contain
sorbic acid.35,36,37 It may cause severe
skin irritation, nausea, vomiting,
chemical pneumonitis, and sore
throat.61 It also causes allergic reactions.62,63
Isopropylamine is used in some
Roundup products. 47,64 It is “extremely destructive to tissue of the
mucous membranes and upper respiratory tract.”65 Symptoms of exposure
are wheezing, laryngitis, headache, and
nausea.65

Roundup is a “moderate skin irritant,”
and recovery can take over two weeks.16
Acute Toxicity to Humans

The acute toxicity of glyphosate products to humans was first publicized by
physicians in Japan who studied 56 suicide attempts; nine cases were fatal. Symptoms included intestinal pain, vomiting,
excess fluid in the lungs, pneumonia,
clouding of consciousness, and destruction of red blood cells.66 They calculated
that the fatal cases ingested on average
about 200 milliliters (3/4 of a cup). They
believed that POEA was the cause of
Roundup’s toxicity.66 More recent reviews
of poisoning incidents have found similar symptoms, as well as lung dysfunction,67-69, erosion of the gastrointestinal
tract,67,69 abnormal electrocardiograms,69
low blood pressure,67,69 kidney damage,67,68,70 , and damage to the larynx.71
Smaller amounts of Roundup cause
adverse effects, usually skin or eye irritation as well as some of the symptoms
Table 1
Symptoms Following
Unintentional Exposure to
Glyphosate Herbicides
eye irritation
painful eyes
burning eyes
blurred vision
swollen eye, face, joints
facial numbness
burning sensation on skin
itchy skin
tingling skin
recurrent eczema
blisters
skin rash
rapid heartbeat
heart palpitations
elevated blood pressure
chest pains
congestion
coughing
headache
nausea
Temple, W.A. and N.A. Smith. 1992.
Glyphosate herbicide poisoning
experience in New Zealand. N.Z. Med. J.
105:173-174.
Calif. EPA. Dept. of Pesticide
Regulation. 1998. Case reports received
by the California Pesticide Illness
Surveillance Program in which health
effects were attributed to glyphosate,
1993-1995. Unpublished report.
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Toxicology Overview

Glyphosate is often portrayed as toxicologically benign: “extensive investigations strongly support the conclusion that
glyphosate has a very low level of toxicity…”73 NCAP’s review of glyphosate’s
toxicology comes to a different conclusion. Adverse effects have been identified
in each standard category of testing
(subchronic, chronic, carcinogenicity,
mutagenicity, and reproduction). NCAP’s
review has been challenged by the assertion that these effects were found because
standard test protocols require finding
adverse effects at the highest dose tested.
However, the following five sections of
this article summarize adverse effects
did not result from this requirement:
they were all found at less than the
highest dose tested. (The few exceptions
are clearly identified.)
Subchronic Toxicity

In subchronic (medium term) studies
of rats and mice done by the National
Toxicology Program (NTP), microscopic
salivary gland lesions were found in all
doses tested in rats (200 - 3400 mg/kg
per day) and in all but the lowest dose
tested in mice (1,000-12,000 mg/kg per
day). (See Figure 3.) A follow-up study
by NTP found that the mechanism by
which glyphosate caused these lesions involved the hormone adrenalin.74
The NTP study also found increases
in two liver enzymes at all but the two
lowest doses tested. Other effects found
in at least two doses in this study were
reduced weight gain in rats and mice;
diarrhea in rats; and changes in kidney
and liver weights in male rats and mice.74

6

Another subchronic laboratory test
found that blood levels of potassium and
phosphorus in rats increased at all doses
tested (60-1600 mg/kg/day).4
Glyphosate-containing products are
more toxic than glyphosate in subchronic
tests. In a 7 day study with calves, 790
mg/kg per day of Roundup caused pneumonia, and death of 1/3 of the animals
Figure 3
Salivary Gland Lesions in
Rats Fed Glyphosate
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listed above. (See Table 1.) For example,
rubbing of Roundup in an eye caused
eye and lid swelling, rapid heartbeat and
elevated blood pressure. Wiping the face
after touching leaky spray equipment
caused swelling of the face. Accidental
drenching with horticultural Roundup
caused eczema of the hands and arms lasting two months.68 A spill resulted in dizziness, fever, nausea, palpitations, and sore
throat.72
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Public Health Service. National Institutes of
Health. 1992. NTP technical report on toxicity
studies of glyphosate (CAS No. 1071-83-6)
administered in dosed feed to F344/N rats and
B6C3F1 mice. Research Triangle Park, NC:
National Toxicology Program.

Glyphosate causes salivary gland lesions in rats,
mediated by the hormone adrenalin.

tested. At lower doses decreased food intake and diarrhea were observed.2
Chronic Toxicity

Glyphosate is also toxic in long-term
studies. At all but the lowest dose tested,
excessive cell division in the urinary bladder occurred in male mice2 and inflammation of the stomach lining occurred in
both sexes of rats.2
Carcinogenicity

A recent Swedish study of hairy cell
leukemia (HCL), a form of the cancer
non-Hodgkin’s lymphoma, found that

people who were occupationally exposed
to glyphosate herbicides had a threefold
higher risk of HCL. A similar study of
people with non-Hodgkin’s lymphoma
found exposure to glyphosate herbicides
was associated with an increase in risk of
about the same size.74ab
The publicly available laboratory studies of glyphosate’s ability to cause cancer
were all conducted by or for its manufacturer.2 The first carcinogenicity study submitted to EPA (1981) found an increase
in testicular tumors in male rats at the
highest dose tested as well as an increase
in the frequency of a thyroid cancer in
females. Both results occurred at the highest dose tested (30 mg/kg of body weight
per day).75,76 The second study (1983)
found an increasing trend in the frequency of a rare kidney tumor in male
mice.77 The most recent study (1990)
found an increase in pancreas and liver
tumors in male rats together with an increase of the same thyroid cancer found
in the 1983 study in females.78
All of these increases in tumor or cancer incidence are “not considered compound-related”78 according to EPA (This
means that EPA did not consider
glyphosate the cause of the tumors.) For
the testicular tumors, EPA accepted the
interpretation of an industry pathologist
who said that the incidence in treated
groups (12 percent) was similar to those
observed (4.5 percent) in other rats not
fed glyphosate.78 For the thyroid cancer,
EPA stated that it was not possible to
distinguish between cancers and tumors
of this type, so that the two should be
considered together. The combined data
are not statistically significant.76 For the
kidney tumors, the manufacturer reexamined the tissue and found an additional
tumor in untreated mice so that statistical significance was lost. This was despite
the opinion of EPA’s pathologist that the
lesion in question was not really a tumor.77 For the pancreatic tumors, EPA
stated that there was no dose-related
trend. For the liver and thyroid tumors,
EPA stated that pairwise comparisons between treated and untreated animals were
not statistically significant.78
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Figure 4
Genetic Damage Caused by Roundup
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Roundup causes genetic damage in laboratory animals and in human blood cells.

EPA concluded that glyphosate should
be classified as Group E, “evidence of
non-carcinogenicity for humans.”78 They
added that this classification “should not
be interpreted as a definitive conclusion.”78
The cancer tests leave many questions unanswered. Concerning one of the carcinogenicity studies, an EPA statistician
wrote, “Viewpoint is a key issue. Our
viewpoint is one of protecting the public
health when we see suspicious data.”79
Unfortunately, EPA has not taken that
viewpoint in its assessment of glyphosate’s
cancer-causing potential.
There are no publicly available laboratory studies of the carcinogenicity of
Roundup or other glyphosate-containing
products.
Mutagenicity

Although glyphosate’s manufacturer
describes “a large battery of assays”80
showing that glyphosate does not cause
genetic damage,80 other studies have
shown that both glyphosate and
glyphosate products are mutagenic.

Glyphosate-containing products are more
potent mutagens than glyphosate.81 The
studies include the following:
• In fruit flies, Roundup and
Pondmaster (an aquatic herbicide consisting of glyphosate and a trade secret
surfactant82) both increased the frequency
of sex-linked, recessive lethal mutations.
(These are mutations that are usually visible only in males.) Only a single concentration was tested in this study.83
• A study of human lymphocytes (a
type of white blood cell) showed an increase in the frequency of sister chromatid exchanges following exposure to the
lowest dose tested of Roundup.84 (Sister
chromatid exchanges are exchanges of genetic material during cell division between
members of a chromosome pair. They
result from point mutations.) A 1997
study of human lymphocytes (see Figure
4) found similar results with Roundup
(at both doses tested) and with glyphosate
(at all but the lowest dose tested).81
• In Salmonella bacteria, Roundup was
weakly mutagenic at two concentrations.

In onion root cells, Roundup caused an
increase in chromosome aberrations, also
at two concentrations.85
• In mice injected with Roundup, the
frequency of DNA adducts (the binding
to genetic material of reactive molecules
that lead to mutations) in the liver and
kidney increased at all three doses tested.86
(See Figure 4.)
• In another study of mice injected
with glyphosate and Roundup, the frequency of chromosome damage and DNA
damage increased in bone marrow, liver,
and kidney. (Only a single concentration
was tested in this study.)81
Reproductive Effects

Glyphosate exposure has been linked
to reproductive problems in humans. A
study in Ontario, Canada, found that fathers’ use of glyphosate was associated
with an increase in miscarriages and premature births in farm families.87 (See Figure 5.) In addition, a case report from
the University of California discussed a
student athlete who suffered abnormally

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

7

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 1998 • VOL.18, NO. 3
UPDATED 1/02

Toxicology of Glyphosate’s
Major Metabolite

In general, studies of the breakdown
of glyphosate find only one metabolite,
aminomethylphosphonic acid (AMPA).2
Although AMPA has low acute toxicity
(its LD50 is 8,300 mg/kg of body weight
in rats),16 it causes a variety of toxicological problems. In subchronic tests on rats,
AMPA caused an increase in the activity
of an enzyme, lactic dehydrogenase, in
both sexes; a decrease in liver weights in
males at all doses tested; and excessive
cell division in the lining of the urinary
bladder in both sexes.16 AMPA is more
persistent than glyphosate; studies in eight

8

Figure 5
Effects of Glyphosate on Male Reproductive Success
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Pregnancy problems for farmers using glyphosate
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frequent menstruation when she competed at tracks where glyphosate had been
used.88
Laboratory studies have also demonstrated a number of effects of glyphosate
on reproduction.
In rats, glyphosate reduced sperm
counts at the two highest doses tested.
(See Figure 5.) In male rabbits, glyphosate
at doses of 1/10 and 1/100 of the LD50
increased the frequency of abnormal and
dead sperm.89
Using cells taken from Leydig cell testicular tumors in mice, researchers from
Texas Tech University showed that exposure to Roundup (but not glyphosate
alone) caused a decrease in the production of sex hormones. Specifically,
Roundup inhibited the expression of a
protein that carries cholesterol (the molecule from which sex hormones are made)
to the site where these hormones are synthesized. Lacking necessary amounts of
cholesterol, the testicle cells’ production
of sex hormones decreased about 90
percent.89a
A study of pregnant rats given
glyphosate in their drinking water showed
that this exposure caused changes in the
activity of three enzymes in their fetuses.
Enzymes related to energy production
were affected in the liver, heart, and
brain.89b
In a study of female rabbits, glyphosate
caused a decrease in fetal weight in all
treated groups.90
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Savitz, D.A. et al. 1997. Male pesticide exposure and pregnancy outcome. Am. J. Epidemiol.
146:1025-1036.

Glyphosate exposure is associated with reproductive problems in both laboratory animals and
farmers.

states found that the half-life in soil (the
time required for half of the original concentration of a compound to break down
or dissipate) was between 119 and 958
days.2 AMPA has been found in lettuce
and barley planted a year after glyphosate
treatment.90a
Quality of Laboratory Testing

Tests done on glyphosate to meet registration requirements have been associated with fraudulent practices.
Laboratory fraud first made headlines
in 1983 when EPA publicly announced
that a 1976 audit had discovered “serious deficiencies and improprieties” in
studies conducted by Industrial Biotest

Laboratories (IBT).91 Problems included
“countless deaths of rats and mice” and
“routine falsification of data.”91
IBT was one of the largest laboratories performing tests in support of pesticide registrations.91 About 30 tests on
glyphosate and glyphosate-containing
products were performed by IBT, including 11 of the 19 chronic toxicology studies.92 A compelling example of the poor
quality of IBT data comes from an EPA
toxicologist who wrote, “It is also somewhat difficult not to doubt the scientific
integrity of a study when the IBT stated
that it took specimens from the uteri (of
male rabbits) for histopathological examination.”93 (Emphasis added.)

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

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 1998 • VOL.18, NO. 3
UPDATED 1/02

In 1991, EPA alleged that Craven
Laboratories, a company that performed
studies for 262 pesticide companies including Monsanto, had falsified tests.94
“Tricks” employed by Craven Labs included “falsifying laboratory notebook
entries” and “manually manipulating scientific equipment to produce false reports.”95 Roundup residue studies on
plums, potatoes, grapes, and sugarbeets
were among the tests in question.96
The following year, the owner of Craven Labs and three employees were indicted on 20 felony counts.97 The owner
was sentenced to five years in prison and
fined $50,000; Craven Labs was fined
15.5 million dollars, and ordered to pay
3.7 million dollars in restitution.95
Although the tests of glyphosate identified as fraudulent have been replaced,
this fraud casts shadows on the entire
pesticide registration process.
Illegal Advertising

In 1996, Monsanto Co. negotiated an
agreement with the New York attorneygeneral that required Monsanto to stop
making certain health and environmental claims in ads for glyphosate products
and pay the attorney general $50,000 in
costs.98 Claims that glyphosate products
are “safer than table salt,”98 safe for
people, pets, and the environment, and
degrade “soon after application”98 were
challenged by the attorney-general because
they are in violation of the Federal Insecticide, Fungicide and Rodenticide Act
(FIFRA), the national pesticide law.98
According to the attorney-general,
Monsanto had engaged in “false and misleading” advertising.98
In 1998, Monsanto Co. negotiated a
similar agreement with the New York attorney-general about a different advertisement. The attorney-general found that
the advertisement featuring a horticulturist from the San Diego Zoo also was “false
and misleading” because it implied to
consumers that Roundup could be used
(contrary to label directions) in and
around water.98a Monsanto paid $75,000
in costs.98a
EPA made a similar determination

about Roundup ads in 1998, finding that
they contained “false and misleading”99
claims and were in violation of FIFRA.
However, EPA took no action and did
not even notify Monsanto Co. about the
determination because two years had
elapsed between the time that the ads
were submitted to EPA and the time that
EPA made the determination.99
Human Exposure

People are exposed to glyphosate
through workplace exposure (for people
who use glyphosate products on the job),
eating of contaminated food, exposure
caused by off-target movement following
application (drift), contact with contaminated soil, and drinking or bathing in
contaminated water. The next five sections of this factsheet summarize infor-

“ Glyphosate’s
manufacturer
reported that drift
from a ground
application in
Minnesota damaged
25 acres of corn,
and the Washington
Department of
Agriculture
reported damage to
30 acres of onions
from a ground
application of a
glyphosate
herbicide.”
mation about these five routes of exposure. The third section, discussing drift,
also covers impacts on plants.
Contamination of Food

Analysis of glyphosate residues is “in
general laborious, complex, and costly.”2
For this reason, it is not included in government monitoring of pesticide residues
in food.2 The only information available

about contamination of food comes from
research studies.
Monsanto’s studies of residues in food
crops found glyphosate in lettuce over
five months after treatment (the lettuce
was planted four months after treatment).
Monsanto also found glyphosate in barley over four months after treatment (the
barley was planted one month after
treatment).90a
“Significant residues,”2 according to
the World Health Organization, have
been identified from pre-harvest use of
glyphosate on wheat (to dry out the
grain). Bran contains between 2 and 4
times the amount on whole grains. Residues are not lost during baking.2
Occupational Exposure

In California, the state with the most
comprehensive program for reporting of
pesticide-caused illness, glyphosate-containing herbicides were the third most
commonly-reported cause of pesticide illness among agricultural workers. 100
Among landscape maintenance workers,
glyphosate herbicides were the most commonly reported cause.101 (Both these statistics come from illness reports collected
between 1984 and 1990.) Even when
glyphosate’s extensive use in California is
considered, and the illness statistics presented as “number of acute illnesses reported per million pounds used in California,” glyphosate ranked twelfth.100
While many of the California reports
involve “irritant effects,”102 mostly to the
eyes and skin, NCAP’s survey of about
100 reports made in 1993, 1994, and
1995 found that over half of them involved more serious effects: burning of
eyes or skin, blurred vision, peeling of
skin, nausea, headache, vomiting, diarrhea, chest pain, dizziness, numbness,
burning of the genitals, and wheezing.103
Other occupational symptoms were
observed in a flax milling operation in
Great Britain. A study compared the effects of breathing dust from flax treated
with Roundup with the effects of dust
from untreated flax. Treated dust caused
a decrease in lung function and an increase in coughing, and breathlessness.104
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Figure 6
Persistence of Glyphosate in
U.S. Agricultural Soils

(141)
(128)

( Half-life in days)

(29)

(8)
(14)
(29)
(14)
(8)
(3)

Note: Numbers, as well as the length of the columns, give the half-life, in days, of glyphosate in
soil. Half-life is the length of time required for half the applied glyphosate to break down or
move out of the test site.
Source: U.S. EPA. Environmental Fate and Effects Division. 1993. Pesticide environmental fate
one line summary; Glyphosate. Washington, D.C., May 6.

Glyphosate’s persistence in soil varies widely, but its half-life in agricultural soil can be over 4
months.

Drift

In general, movement of a pesticide
through unwanted drift is “unavoidable.”105 Drift of glyphosate is no exception. Glyphosate drift, however, is particularly significant because drift “damage is likely to be much more extensive
and more persistent than with many other
herbicides.”106 This is because glyphosate
moves readily within plants so that even
unexposed parts of a plant can be damaged. Damage to perennial plants (when
not exposed to enough glyphosate to kill
them) is persistent, with some symptoms
lasting several years.106 In addition, plant
susceptibility varies widely. Some wildflowers are almost a hundred times more
sensitive than others; drift in amounts
equal to 1/1000 of typical application
rates will damage these species.107
A simple answer to the question, “How
far can I expect glyphosate to travel off-
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site?” is difficult, since drift is “notoriously variable.”108 However, extensive
drift of glyphosate has been measured
since the 1970s when a California study
found glyphosate 800 m (2600 feet) from
aerial and ground applications. Similar
drift distances were found for the 8 different spray systems tested in this
study.109
Drift distances that have been measured more recently for the major application techniques include the following:
• Ground Applications: A study of 15
noncrop plants found seedling mortality
(killing about 10 percent of seedlings) for
most of the species tested at 20 meters
(66 feet) downwind when using a tractor-mounted sprayer. Seedlings of some
sensitive species were killed at 40 meters
(131 feet).110 A drift model predicted
some native species would be damaged at
distances of 80 meters (262 feet).107

Glyphosate’s manufacturer reported that
drift from a ground application in Minnesota damaged 25 acres of corn,111 and
the Washington Department of Agriculture reported damage to 30 acres of onions from a ground application of a
glyphosate herbicide.112
• Helicopter applications: A study
done in Canada113 measured glyphosate
residues 200 meters (656 feet) from target areas following helicopter applications
to forest sites. In this study, 200 meters
was the farthest distance at which samples
were taken, so the longest distance
glyphosate travelled is not known.
Fixed-wing aircraft: Long drift distances occur following applications of
glyphosate made from airplanes. Two
studies on forested sites conducted by Agriculture Canada (the Canadian agricultural ministry) showed that glyphosate
was found at the farthest distance from
the target areas that measurements were
made (300 and 400 meters, or 984 and
1312 feet).114,115 One of these studies115
calculated that buffer zones of between
75 and 1200 meters (246 feet - 0.75
miles) would be required to protect nontarget vegetation. According to Monsanto,
drift from single aerial applications of
glyphosate has been extensive enough to
damage 1000 trees in one case,116 250
acres of corn in another,117 and 155 acres
of tomatoes in a third incident.118
Persistence and Movement
in Soil

Glyphosate’s persistence in soil varies
widely, so giving a simple answer to the
question “How long does glyphosate persist in soil?” is not possible. Half-lives
(the time required for half of the amount
of glyphosate applied to break down or
move away) as low as 3 days (in Texas)
and as long as 141 days (in Iowa) have
been measured by glyphosate’s manufacturer.119 (See Figure 6.) Initial degradation (breakdown) is faster than the subsequent degradation of what remains.120
Long persistence has been measured in
the following studies: 55 days on an Oregon Coast Range forestry site121; 249
days on Finnish agricultural soils122; be-
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Figure 7
Impacts of Glyphosate on Nontarget Animals on Maine Clear-cuts
Abundance of Invertebrates

Figure 8
Effect of Glyphosate on the
Growth of Earthworms
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Santillo, D.J., D.M. Leslie, and P.W. Brown. 1989. Responses of small mammals and habitat to
glyphosate application on clearcuts. J. Wildl. Manage. 53(1):164-172.

Glyphosate treatment reduced invertebrate and small mammal populations for up to 3 years.

tween 259 and 296 days on eight Finnish forestry sites120; 335 days on an
Ontario (Canada) forestry site123; 360
days on 3 British Columbia forestry
sites124; and, from 1 to 3 years on eleven
Swedish forestry sites.125 EPA’s Ecological Effect’s Branch wrote, “In summary,
this herbicide is extremely persistent under typical application conditions.”126
Glyphosate is thought to be “tightly
complexed [bound] by most soils”127 and
therefore “in most soils, glyphosate is essentially immobile.”127 This means that
the glyphosate will be unlikely to contaminate water or soil away from the application site. However, this binding to
soil is “reversible.” For example, one study
found that glyphosate bound readily to
four different soils. However, desorption,
when glyphosate unbinds from soil particles, also occurred readily. In one soil,
80 percent of the added glyphosate desorbed in a two hour period. The study
concluded that “this herbicide can be extensively mobile in the soil….”128
Water Contamination

When glyphosate binds readily to soil
particles, it does not have the chemical
characteristics of a pesticide that is likely
to leach into water.2 (When it readily
desorbs, as described above, this changes.)
However, glyphosate can move into surface water when the soil particles to which
it is bound are washed into streams or
rivers.4 How often this happens is not
known, because routine monitoring for
glyphosate in water is infrequent.2
Glyphosate has been found in both
ground and surface water. Examples include farm ponds in Ontario, Canada,
contaminated by runoff from an agricultural treatment and a spill129; the runoff
from a watersheds treated with Roundup
during production of no-till corn and fescue130; contaminated surface water in the
Netherlands2; seven U.S. wells (one in
Texas, six in Virginia) contaminated with
glyphosate 131 ; contaminated forest
streams in Oregon and Washington132,133; contaminated streams near
Puget Sound, Washington134; and contaminated wells under electrical substations treated with glyphosate.135

20

40
60
(Days)

80 100

Glyphosate concentration
■
none
----■
■ ---- 1/20 of agricultural rate
----◆---- 1/10 of agricultural rate
----◆
◆ ---- 1/5 of agricultural rate
Springett, J.A. and R.A.J. Gray. 1992. Effect
of repeated low doses of biocides on the
earthworm Aporrectodea caliginosa in
laboratory culture. Soil Biol. Biochem.
24(12):1739-1744.

Repeated applications of glyphosate reduce the
growth of earthworms.

Glyphosate’s persistence in water is
shorter than its persistence in soils. Two
Canadian studies found glyphosate persisted 12 to 60 days in pond water.136,137
Glyphosate persists longer in pond sediments (mud at the bottom of a pond).
For example, the half-life in pond sediments in a Missouri study was 120 days;
persistence was over a year in pond sediments in Michigan and Oregon.4
Ecological Effects

Glyphosate can impact many organisms not intended as targets of the herbicide. The next two sections describe both
direct mortality and indirect effects,
through destruction of food or shelter.
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Effects on Nontarget Animals

12

Figure 9
Toxicity of Roundup to Rainbow Trout of Different Ages
Sac fry

Median Lethal Concentration (LC50)

Beneficial insects: Beneficial insects
kill other species that are agricultural
pests. The International Organization for
Biological Control found that exposure
to freshly dried Roundup killed over 50
percent of three species of beneficial insects: a parasitoid wasp, a lacewing, and a
ladybug. Over 80 percent of a fourth species, a predatory beetle, was killed.138
Impacts on beneficial insects have also
been shown in field studies, probably due
to destruction of their habitat by the herbicide. In North Carolina wheat fields,
populations of large carabid beetles declined after treatment with a glyphosate
product and did not recover for 28
days.139 A study of Roundup treatment
of hedgerows in the United Kingdom also
showed a decline in carabid beetles.140
Other insects: Roundup treatment of
a Maine clear-cut caused an 89 percent
decline in the number of herbivorous
(plant-eating) insects because of the destruction of the vegetation on which they
live and feed. (See Figure 7.) These insects serve as food resources for birds and
insect-eating small mammals.141
The U.S. Fish and Wildlife Service has
identified one endangered insect, a longhorn beetle, that would be jeopardized
by use of glyphosate herbicides.142
Other arthropods: Glyphosate and
glyphosate-containing products kill a variety of other arthropods. For example,
over 50 percent of test populations of a
beneficial predatory mite were killed by
exposure to Roundup.138 In another laboratory study, Roundup exposure caused a
decrease in survival and a decrease in body
weight of woodlice. These arthropods are
important in humus production and soil
aeration. 143 Roundup treatment of
hedgerows reduced the number of spiders, probably by killing the plants they
preferred for web-spinning.140 The water
flea Daphnia pulex is killed by concentrations of Roundup between 3 and 25
ppm.144-146 Young Daphnia are more susceptible than mature individuals.145 The
red swamp crawfish, a commercial species, was killed by 47 ppm of

Swim-up fry
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Adult
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Roundup concentration (parts per million)
Folmar, L.C., H.O. Sanders, and A.M. Julin. 1979. Toxicity of the herbicide glyphosate and
several of its formulations to fish and aquatic invertebrates. Arch. Environ. Contam. Toxicol.
8:269-278.
Young rainbow trout (swim-up fry and small fingerlings) are more susceptible to Roundup than adult
rainbow trout.

Roundup.147
Earthworms: A study of the most common earthworm found in agricultural soils
in New Zealand showed that repeated
applications of glyphosate significantly
affect growth and survival of earthworms.
Biweekly applications of low rates of
glyphosate (1/20 of typical rates) caused
a reduction in growth (see Figure 8), an
increase in the time to maturity, and an
increase in mortality.148
Fish: Both glyphosate and the commercial products that contain glyphosate
are acutely toxic to fish. In general,
glyphosate alone is less toxic than the
common glyphosate product, Roundup,
and other glyphosate products have intermediate toxicity. Part of these differences can be explained by the toxicity of
the surfactant (detergent-like ingredient)
in Roundup. It is 20 to 70 times more
toxic to fish than glyphosate itself.144
Acute toxicities of glyphosate vary
widely: median lethal concentrations
(LC50s; the concentrations killing 50 percent of a population of test animals) from
10 ppm to over 200 ppm have been re-

ported depending on the species of fish
and test conditions.2
Acute toxicities (LC50) of Roundup to
fish range from 2 ppm to 55 ppm.2 Part
of this variability is due to age: young
fish are more sensitive to Roundup than
are older fish.144 (See Figure 9.) Acute
toxicities of Rodeo (used with the surfactant X-77 per label recommendations)
vary from 120 to 290 ppm.149
In soft water there is little difference
between the toxicities of glyphosate and
Roundup.150 Also, if fish have not recently eaten, the toxicity of glyphosate
(LC50 = 2.9 ppm) is similar to that of
Roundup.151
Roundup toxicity increases with increased water temperature. In both rainbow trout and bluegills, toxicity about
doubled between 7 and 17°C (45 and
63°F).144 Treatment of riparian areas with
glyphosate causes water temperatures to
increase for several years following treatment152 because the herbicide kills shading vegetation. This means that use of
glyphosate could cause increased toxicity
to fish. In addition, the temperature in-
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Figure 10
Effect of Glyphosate on a
Nitrogen-Fixing Bacteria
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Santos, A. and M. Flores. 1995. Effects of
glyphosate on nitrogen fixation of freeliving heterotrophic bacteria. Lett. Appl.
Microbiol. 20:349-352.

crease could be critical for fish, like juvenile salmon, that thrive in cold water.
Sublethal effects of glyphosate occur
at low concentrations. In rainbow trout
and Tilapia concentrations of about 1/2
and 1/3 of the LC50 (respectively) caused
erratic swimming.153,154 The trout also
exhibited labored breathing.153 These effects can increase the risk that the fish
will be eaten, as well as affecting feeding,
migration, and reproduction.154 Less than
1 percent of the LC50 caused gill damage
in carp and less than 2 percent caused
changes in liver structure.155
Birds: Glyphosate has indirect impacts
on birds. Because glyphosate kills plants,
its use can create a dramatic change in
the structure of the plant community.
This affects bird populations, since the
birds depend on the plants for food, shelter, and nest support.
For example, a study of four
glyphosate-treated clear-cuts (and an
unsprayed control plot) in Nova Scotia
found that the densities of the two most
common species of birds (white-throated
sparrow and common yellowthroat) decreased for two years after treatment. By

the fourth year post-spray, densities had
returned to normal for these two species.
By then the unsprayed plot had been colonized by new species of birds (warblers,
vireos, and a hummingbird) which were
not found on the sprayed plots.156
An earlier three year study of songbird
abundance following glyphosate treatment
of clear-cuts in Maine forests showed
similar results. Abundances of the total
number of birds and three common species decreased. The decrease in bird abundance was correlated with decrease in the
diversity of the habitat.157
Black grouse avoided glyphosatetreated clear-cuts in Norway for several
years after treatment.158 Researchers recommended that the herbicide not be used
near grouse courtship areas.
Small mammals: In field studies, small
mammals have been indirectly affected
when glyphosate kills the vegetation they
(or their prey) use for food or shelter.
On clear-cuts in Maine,141 insect-eating
shrews declined for three years post-treatment; plant-eating voles declined for two.
(See Figure 7.) A second study in Maine
after a Roundup treatment159 found similar results for voles. In British Columbia,
deer mice populations were 83 percent
lower following glyphosate treatment.160
Another study from British Columbia
found declines in chipmunk populations
after Roundup treatment.161 In Norway,
there was a “strong reduction” in use of
sprayed clear-cuts by mountain hare.162
Other studies have not found impacts on
small mammals,163 suggesting that the
particular characteristics of the site and
the herbicide application are significant.
Wildlife: Canadian research has documented that plants serving as important
food sources for wildlife are significantly
damaged by glyphosate. “Severe” or “very
severe damage” was recorded for 46 percent of the important food species eaten
by moose, between 34 and 40 percent of
the species eaten by elk, and 36 percent
of the species eaten by mule deer.164
Effects on Nontarget Plants

As a broad-spectrum herbicide,
glyphosate has potent acutely toxic ef-

fects on most plant species. There are also
other kinds of serious effects. These include effects on endangered species, reduced seed quality, reduction in the ability to fix nitrogen, increased susceptibility to plant diseases, and reduction in the
activity of mycorrhizal fungi.
Endangered species: Because many
plants are susceptible to glyphosate, it can
seriously impact endangered plant species. The U.S. Fish and Wildlife Service
has identified 74 endangered plant species that it believes could be jeopardized
by glyphosate. This list is based on the
use of glyphosate on 9 crops, and does
not include over 50 other uses.142
Seed Quality: Sublethal treatment of
cotton with Roundup “severely affects
seed germination, vigor and stand establishment under field conditions.” At the
lowest glyphosate rate tested, seed germination was reduced between 24 and 85
percent and seedling weight was reduced
between 19 and 83 percent.165
Nitrogen fixation: Most living things
cannot use nitrogen in its common form
and instead use ammonia and nitrates,
much rarer compounds. Ammonia and
nitrates are created by processes called nitrogen fixation and nitrification. They are
carried out by bacteria which can be
found in soil and in nodules on roots of
legumes and certain other plants.166
Studies showing effects of glyphosate
on nitrogen fixation include the following: At a concentration corresponding to
typical application rates, glyphosate reduced by 70 percent the number of nitrogen-fixing nodules on clover planted
120 days after treatment167; a similar concentration of a glyphosate herbicide reduced by 27 percent the number of nodules on hydroponically grown clover168;
a similar concentration of glyphosate reduced by 20 percent nitrogen-fixation by
a soil bacteria169 (see Figure 10); a concentration of glyphosate approximately
that expected in soybean roots following
treatment inhibited the growth of
soybean’s nitrogen-fixing bacteria between
10 and 40 percent170; and treatment with
a glyphosate herbicide at the lowest concentration tested (10 times typical appli-
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cation rates) reduced the number of nodules on clover between 68 and 95
percent.171
All of the studies summarized above
were done in the laboratory. In the field,
such effects have been difficult to observe.
However, use of genetically-engineered
glyphosate-tolerant crop plants means that
nitrogen-fixing bacteria in field situations
“could be affected by repeated applications of glyphosate.”170
Glyphosate also impacts other parts of
the nitrogen cycle. A Canadian study
found that treatment of a grass field with
Roundup increased nitrate loss up to 7
weeks after treatment. The increase was
probably caused by the nutrients released
into the soil by dying vegetation.172
Mycorrhizal fungi: Mycorrhizal fungi
are beneficial fungi that live in and around
plant roots. They help plants absorb nutrients and water and can protect them
from cold and drought.173 Roundup is
toxic to mycorrhizal fungi in laboratory
studies. Effects on some species associated with conifers have been observed at
concentrations of 1 part per million
(ppm), lower than those found in soil
following typical applications.174,175 In
orchids, treatment with glyphosate
changed the mutually beneficial interaction between the orchid and its mycorrhizae into a parasitic interaction (one that
does not benefit the plant).176
Plant diseases: Glyphosate treatment
increases the susceptibility of crop plants
to a number of diseases. For example,
glyphosate increased the susceptibility of
tomatoes to crown and root disease177;
reduced the ability of bean plants to defend themselves against the disease anthracnose178; increased the growth of
take-all disease in soil from a wheat field
and decreased the proportion of soil fungi
which was antagonistic to the take-all fungus179; and increased soil populations of
two important root pathogens of peas.180
In addition, Roundup injection of lodgepole pine inhibited the defensive response
of the tree to blue stain fungus.181
Both the inhibition of mycorrhizae and
the increased susceptibility to disease have
been observed in laboratory, not field,
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studies. Given the serious consequences
these kinds of effects could have, more
research is crucial.

15.

Plant Resistance

Plants that are resistant to glyphosate
are able to tolerate treatment without
showing signs of toxicity. Although many
weed scientists argue that “it is nearly impossible for glyphosate resistance to evolve
in weeds,”182 others argue that “there are
few constraints to weeds evolving resistance.” The second group of scientists
appears to be correct. In 1996 an Australian researcher reported that a population of annual ryegrass had developed resistance and tolerated five times the recommended field application rate.183
References
1. Franz, J.E., M.K. Mao, and J.A. Sikorski. 1997.
Glyphosate: A unique global herbicide. ACS
Monograph 189. Washington D.C.: American
Chemical Society.
2. World Health Organization, United Nations Environment Programme, the International Labour
Organization. 1994. Glyphosate. Environmental
Health Criteria #159. Geneva, Switzerland.
3. U.S. Environmental Protection Agency. 1986. Pesticide fact sheet: Glyphosate. No. 173. Washington, D.C.: Office of Pesticide Programs, June.
4. U.S. EPA. Office of Pesticide Programs. Special Review and Reregistration Division. 1993.
Reregistration eligibility decision (RED):
Glyphosate. Washington, D.C., Sept.
5. Ref.#1, p. 14.
6. Aspelin, A.L. 1997. Pesticide industry sales and
usage: 1994 and 1995 market estimates. U.S.
EPA. Office of Prevention, Pesticides and Toxic
Substances. Office of Pesticide Programs. Biological and Economic Analysis Division. Washington, D.C., Aug.
7. Gianessi, L.P. and J.E. Anderson. 1995. Pesticide use in U.S. crop production. Washington,
D.C. National Center for Food and Agricultural
Policy, Feb.
8. Bureau of National Affairs. Pile & Fisher. 1998.
Monsanto reports higher Q2 income for ag chems.
Green Markets Pesticide Report (Aug. 3):2.
9. Whitmore, R.W., J.E. Kelly, and P.L. Reading.
1992. National home and garden pesticide use
survey. Final report, Vol. 1: Executive summary,
results, and recommendations. Research Triangle Park, NC: Research Triangle Institute.
10. Ref.#1, pp.9-10.
11. Metzler, D.E. 1977. Biochemistry: The chemical
reactions of living cells. Pp. 849-850. New York,
NY: Academic Press.
12. Su, L.Y. et al. 1992. The relationship of
glyphosate treatment to sugar metabolism in
sugarcane: New physiological insights. J. Plant
Physiol. 140:168-173.
13. Lamb, D.C. et al. 1998. Glyphosate is an inhibitor of plant cytochrome P450: Functional expression of Thlaspi arvensae cytochrome P45071B1/
reductase fusion protein in Escherichia coli.
Biochem. Biophys. Res. Comm. 244:110-114.
14. Hietanen, E., K. Linnainmaa, and H. Vainio.
1983. Effects of phenoxy herbicides and

16.

17.

18.

19.

20.
21.
22.

23.
24.

25.
26.
27.
28.
29.

30.

31.

32.

33.
34.
35.

36.

37.

38.

glyphosate on the hepatic and intestinal biotransformation activities in the rat. Acta Pharma. et
Toxicol. 53:103-112.
Martinez, T.T. and K. Brown. 1991. Oral and
pulmonary toxicology of the surfactant used in
Roundup herbicide. Proc. West. Pharmacol. Soc.
34:43-46.
Agriculture Canada. Food Production and Inspection Branch. Pesticides Directorate. 1991.
Discussion document: Pre-harvest use of
glyphosate. Ottawa, Ontario, Canada., Nov. 27.
U.S. EPA. Office of Pesticides and Toxic Substances. 1982. Memo from William Dykstra, Toxicology Branch, to Robert Taylor, Registration
Division, April 29.
Martinez, T.T., W.C. Long, and R. Hiller. 1990.
Comparison of the toxicology of the herbicide
Roundup by oral and pulmonary routes of exposure. Proc. West. Pharmacol. Soc. 34:43-46.
Tai, T. 1990. Hemodynamic effects of Roundup,
glyphosate and surfactant in dogs. Jpn. J.
Toxicol. 3(1):63-68. Cited in World Health Organization, United Nations Environment
Programme, the International Labour Organization. 1994. Glyphosate. Environmental Health
Criteria #159. Geneva, Switzerland.
Monsanto Co. 1995. Material safety data sheet:
Landmaster BW. www.monsanto.com/ag/, Mar.
Monsanto Co. 1997. Material safety data sheet:
Roundup RT. www.monsanto.com/ag/, May.
Monsanto Co. 1997. Material safety data sheet:
Roundup Original RT. www.monsanto.com/ag/,
Nov.
Monsanto Co. 1994. Material safety data sheet:
Roundup. www.monsanto.com/ag/, Jan.
Monsanto Co. 1995. Material safety data sheet:
Roundup Super Concentrate Weed & Grass
Killer.
www.ortho.com/content/products/
Solaris_msds/SOLMSDS.HTML, Aug.
Monsanto Co. 1995. Material safety data sheet:
Roundup Ultra. www.monsanto.com/ag/, Nov.
Monsanto Co. 1995. Material safety data sheet:
Roundup Ultra RT. www.monsanto.com/ag/, Dec.
Monsanto Co. 1998. Material safety data sheet:
Roundup D-Pak. www.monsanto.com/ag/, Feb.
Monsanto Co. 1995. Material safety data sheet:
Roundup Pro. www.monsanto.com/ag/, Nov.
Monsanto Co. 1997. Material safety data sheet:
Roundup
Fence
and
Yard
Edger.
www.ortho.com/content/products/Solaris_msds/
SOLMSDS.HTML, Jan.
Monsanto Co. 1996. Material safety data sheet:
Roundup Sure Shot Foam. www.ortho.com/content/products/Solaris_msds/SOLMSDS.HTML,
Aug.
Monsanto Co. 1996. Material safety data sheet:
GroundClear Super Edger Grass & Weed Control.
www.ortho.com/content/products/Solaris_msds/
SOLMSDS.HTML, Oct.
Monsanto Co. 1997. Material safety data sheet:
Roundup Ready-To-Use Weed & Grass Killer.
www.ortho.com/content/products/Solaris_msds/
SOLMSDS.HTML, Jan.
Monsanto Co. 1998. Material safety data sheet:
Roundup SoluGran. www.monsanto.com/ag/, Apr.
Monsanto Co. 1994. Material safety data sheet:
Roundup Dry Pak. www.monsanto.com/ag/, Feb.
Monsanto Co. 1995. Material safety data sheet:
Roundup
Concentrate
Brush
Killer.
www.ortho.com/content/products/Solaris_msds/
SOLMSDS.HTML, Aug.
Monsanto Co. 1995. Material safety data sheet:
Roundup Concentrate Weed & Grass Killer.
www.ortho.com/content/products/Solaris_msds/
SOLMSDS.HTML, Aug.
Monsanto Co. 1995. Material safety data sheet:
Roundup Tough Weed Formula. www.ortho.com/
content/products/Solaris_msds/
SOLMSDS.HTML, Aug.
Monsanto Co. 1995. Material safety data sheet:

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

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 1998 • VOL.18, NO. 3
UPDATED 1/02

39.

40.

41.

42.
43.
44.
45.
46.

47.

48.

49.
50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Kleeraway Systemic Weed & Grass Killer.
www.ortho.com/content/products/Solaris_msds/
SOLMSDS.HTML, July.
Monsanto Co. 1995. Material safety data sheet:
Yard Basics Weed & Grass Killer.
www.ortho.com/content/products/Solaris_msds/
SOLMSDS.HTML, Aug.
Monsanto Co. 1994. Material safety data sheet:
KLEENUP Grass & Weed Killer. www.ortho.com/
content/products/Solaris_msds/
SOLMSDS.HTML, June.
Monsanto Co. 1995. Material safety data sheet:
Kleeraway Grass & Weed Killer. www.ortho.com/
content/products/Solaris_msds/
SOLMSDS.HTML, July.
Monsanto Co. 1996. Roundup Custom specimen label. www.monsanto.com/ag/, Oct.
Monsanto Co. 1997. Rodeo specimen label.
www.monsanto.com/ag/, July.
Monsanto Co. 1997. Accord specimen label.
www.monsanto.com/ag/, Aug.
Monsanto Co. 1997. Material safety data sheet:
Entry II Surfactant. www.monsanto.com/ag/, Aug.
Fisher Scientific. 1997. Material safety data
sheet: ammonium sulfate. www.fisher1.com/fb/
itv?16..f97.1.msa0002.68..1.9., Dec. 12.
U.S. EPA. Office of Prevention, Pesticides and
Toxic Substances. Office of Pesticide Programs.
1998. Letter from Linda Travers, director, Information Resources and Services Division, to
Caroline Cox, NCAP, July 28.
Damstra, R.J., W.A. van Vloten, and C.J.W. van
Ginkel. Allergic contact dermatitis from the preservative 1,2-benzisothiazolin-3-one (1,2-BIT;
Proxel®): a case report, its prevalence in those
occupationally at risk and in the general dermatological population, and its relationship to allergy to its analogue Kathon® CG. Cont. Dermat.
27:105-109.
Hindson, C. and B. Diffey. 1993. Phototoxicity of
glyphosate in a weedkiller. Cont. Derm. 10:51-52.
Hindson, C. and B. Diffey. 1993. Phototoxicity
of a weedkiller: a correction. Cont. Derm. 11:260.
U.S. EPA. Prevention, Pesticides and Toxic Substances. 1997. Reregistration eligibility decision
(RED): 3-Iodo-2-propynyl butylcarbamate (IPBC).
Washington, D.C., Mar.
Bryld, L.E. et al. 1997. Iodopropynyl butylcarbamate: a new contact allergen. Cont. Dermat.
36:156-158.
MG Industries. 1997. Material safety data sheet:
Isobutane. www.mgindustries.com/msds/
SubLookup.asp?SubName=11600, Dec. 9.
Fisher Scientific. 1997. Material safety data sheet:1methyl-2-pyrrolidinone,99%. www.fisher1.com/fb/
itv?16..f97.1.msa0010.814..1.9., Dec. 12.
Hass, U. B.M. Jakobsen, and S.P Lund. 1995.
Developmental toxicity of inhaled nmethylpyrrolidinone in the rat. Pharm. Toxicol.
76:406-409.
Acros Organics. 1997. Material safety data sheet:
Nonanoic acid, tech., 90%. www.fisher1.com/fb/
itv?16..f97.1.msa0011.592..1.9., Sept. 2.
Acros Organics. 1997. Material safety data sheet:
potassium hydroxide, c.p., flakes. www.fisher1.
com/fb/itv?16..f97.1.msa0012.838..1.9., Sept. 2.
Acros Organics. 1997. Material safety data sheet:
sodium sulfite. www.fisher1.com/fb/itv?16..f97.1.msa0013.666..1.9., Sept. 2.
Lodi, A. et al. 1993. Contact allergy to sodium
sulfite contained in an antifungal preparation.
Cont. Dermatit. 29:97.
Anonymous. 1986. MSDS for sodium sulfite,
anhydrous. www.chem.utah.edu/MSDS/S/
SODIUM_SULFITE,_ANHYDROUS, Aug. 18.
Acros Organics. 1997. Material safety data sheet:
2,4-hexadienoic acid, 99%. www.fisher1.com/fb/
itv?16..f97.1.msa0008.574..1.9., Nov. 10.
Lamey, P.-J., A.B. Lamb, and A. Forsyth. 1987.
Atypical burning mouth syndrome. Cont.

Dermatit. 17:242-2443.
63. Giiordano-Labadie, F., C. Pech-Ormieres, and
J. Bazek. 1996. Systemic contact dermatitis from
sorbic acid. Cont. Dermatit. 34:61-62.
64. Monsanto Co. Undated. Monsanto backgrounder:
Roundup herbicide ingredients. St. Louis, MO.
65. Sigma Chemical Co., Aldrich Chemical Co., and
Fluka Chemical Corp. 1994. Material safety data
sheet: Isopropylamine. St. Louis, MO, Milwaukee, WI, and Ronkonkoma, NY.
66. Sawada, Y.,et al. 1988. Probable toxicity of surface-active agent in commercial herbicide containing glyphosate. Lancet 1(8580):299.
67. Tominack, R.L. et al. 1991. Taiwan National Poison Center: Survey of glyphosate-surfactant herbicide ingestions. Clin. Toxicol. 29(1):91-109.
68. Temple, W.A. and N.A. Smith. 1992. Glyphosate
herbicide poisoning experience in New Zealand.
N.Z. Med. J. 105:173-174.
69. Talbot, A.R. et al. 1991. Acute poisoning with a
glyphosate-surfactant herbicide (‘Roundup’): A review of 93 cases. Human Exp. Toxicol. 10:1-8.
70. Menkes, D.B., W.A. Temple, and I.R. Edwards.
1991. Intentional self-poisoning with glyphosatecontaining herbicides. Human Exp. Toxicol.
10:103-107.
71. Hung, D., J. Deng. and T. Wu. 1997. Laryngeal
survey in glyphosate intoxication: a pathophysiological investigation. Hum. Exp. Toxicol. 16:596599.
72. U.S. EPA. Office of Pesticide Programs. Hazard
Evaluation Division. Health Effects Branch. 1980.
Summary of reported pesticide incidents involving glyphosate (isopropylamine salt). Report No.
373. Washington, D.C., Oct.
73. Ref.#1, p.128.
74. U.S. Dept. of Health and Human Services. Public Health Service. National Institutes of Health.
1992. NTP technical report on toxicity studies of
glyphosate (CAS No. 1071-83-6) administered
in dosed feed to F344/N rats and B6C3F mice.
1
(NIH Publication 92-3135). Toxicity Reports Series No. 16. Research Triangle Park, NC: National Toxicology Program.
74a. Nordström, M et al. 1998. Occupational exposures, animal exposure and smoking as risk factors for hairy cell leukemia evaluated in a casecontrol study. Brit. J. Cancer 77(11):2048-2052.
74b. Hardell, L. and M. Eriksson. Undated. Case-control study of non-Hodgkin’s lymphoma and exposure to pesticides. Unpublished poster.
75. U.S. EPA. Office of Pesticides and Toxic Substances. 1982. EPA Reg. #524-308; Lifetime feeding study in rats with glyphosate. Memo from William Dykstra, Health Effects Division to Robert Taylor, Registration Div. Washington, D.C., Feb.18.
76. U.S. EPA. Office of Pesticides and Toxic Substances. 1983. Glyphosate; EPA Reg. #524-308;
A lifetime feeding study of glyphosate in SpragueDawley rats; a preliminary addendum to review
dated 2/18/83. Memo to Robert Taylor, Registration Div. Washington, D.C., Feb. 15.
77. U.S. EPA. Office of Pesticides and Toxic Substances. 1985. Glyphosate — Evaluation of kidney tumors in male mice. Chronic feeding study.
Memo from L. Kasza, Toxicology Branch, to W.
Dykstra, Toxicology Branch. Washington, D.C.,
Dec. 4.
78. U.S. EPA. Office of Pesticides and Toxic Substances. 1991. Second peer review of glyphosate.
Memo from W. Dykstra and G.Z. Ghali, Health
Effects Division to R. Taylor, Registration Division,
and Lois Rossi, Special Review and Reregistration
Division. Washington, D.C., Oct. 30.
79. U.S. EPA Office of Pesticides and Toxic Substances. 1985. Use of historical data in determining the weight of evidence from kidney tumor incidence in the glyphosate two-year feeding study; and some remarks on false positives.
Memo from Herbert Lacayo to Reto Engler (both

Office of Pesticide Programs, Health Effects Division). Washington, D.C., Feb. 26.
80. Ref.#1, p.108.
81. Bolognesi, C. et al. 1997. Genotoxic activity of
glyphosate and its technical formulation
Roundup. J. Agric. Food Chem. 45:1957-1962.
82. Monsanto Co. 1988. Material safety data sheet:
Pondmaster aquatic herbicide. St. Louis, MO., Apr.
83. Kale, P.G. et al. 1995. Mutagenicity testing of nine
herbicides and pesticides currently used in agriculture. Environ. Mol. Mutagen. 25:148-153.
84. Vigfusson, N.V. and E.R. Vyse. 1980. The effect of the pesticides, Dexon, Captan and
Roundup on sister-chromatid exchanges in human lymphocytes in vitro. Mut. Res. 79:53-57.
85. Rank, J. et al. 1993. Genotoxicity testing of the
herbicide Roundup and its active ingredient
glyphosate isopropylamine using the mouse
bone marrow micronucleus test, Salmonella mutagenicity test, and Allium anaphase-telophase
test. Mut. Res. 300:29-36.
32
86. Peluso, M. et al. 1998. P-Postlabeling detection
of DNA adducts in mice treated with the herbicide
Roundup. Environ. Molec. Mutag. 31:55-59.
87. Savitz, D.A. et al. 1997. Male pesticide exposure and pregnancy outcome. Am. J. Epidemiol.
146:1025-1036.
88. Barnard, R.J. and G. Heuser. 1995. Commonly
used pesticides may help maintain facilities but
can hinder athletes. NCAA Sports Sciences Education Newsletter (Fall):2
89. Yousef, M.I. et al. 1995. Toxic effects of carbofuran
and glyphosate on semen characteristics in rabbits. J. Environ. Sci. Health B30(4):513-534.
89a Walsh, L.P. et al. 2000. Roundup inhibits steroidogenesis by disrupting steroidogenic acute
regulatory (StAR) protein expression. Environ.
Health Persp. 108:769-776.
89b Daruich, J., F. Zirulnick, and M.S. Gimenez.
2001. Effect of the herbicide glyphosate on enzymatic activity in pregnant rats and their fetuses. Environ. Res. Sect. A 85:226-231.
90. U.S. EPA. Office of Toxic Substances. 1980. EPA
Reg. #524-308; glyphosate; submission of rat teratology, rabbit teratology, dominant lethal mutagenicity assay in mice. Memo from W. Dykstra, Health
Effects Division, to Robert Taylor, Registration Division. Washington, D.C., June 17.
90a Monsanto Agricultural Company. 1990. Confined
rotational crop study of glyphosate. Part II:
Quantitation, characterization, and identification
of glyphosate and its metabolites in rotational
crops. St. Louis MO, June 22.
91. U.S. Congress. House of Representatives. Committee on Government Operations. 1984. Problems plague the Environmental Protection
Agency’s pesticide registration activities. House
Report 98-1147. Washington, D.C.: U.S. Government Printing Office.
92. U.S. EPA. Office of Pesticides and Toxic Substances. 1983. Summary of the IBT review program. Washington, D.C., July.
93. U.S. EPA. 1978. Data validation. Memo from
K. Locke, Toxicology Branch, to R. Taylor, Registration Branch. Washington, D.C., Aug. 9.
94. U.S. EPA. Communications and Public Affairs.
1991. Note to correspondents. Washington, D.C.,
Mar. 1.
95. U.S. EPA. Communications, Education, And
Public Affairs. 1994. Press advisory. Craven
Laboratories, owner, and 14 employees sentenced for falsifying pesticide tests. Washington, D.C., Mar. 4.
96. U.S. EPA. Communications and Public Affairs.
1991. Press advisory. EPA lists crops associated with pesticides for which residue and environmental fate studies were allegedly manipulated. Washington, D.C., Mar. 29.
97. U.S. Dept. of Justice. United States Attorney.
Western District of Texas. 1992. Texas labora-

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

15

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 1998 • VOL.18, NO. 3
UPDATED 1/02
tory, its president, 3 employees indicted on 20
felony counts in connection with pesticide testing. Austin, TX., Sept. 29.
98. Attorney General of the State of New York. Consumer Frauds and Protection Bureau. Environmental Protection Bureau. 1996. In the matter
of Monsanto Company, respondent. Assurance
of discontinuance pursuant to executive law §
63(15). New York, NY, Nov.
98a. Attorney General of the State of New York. Consumer Frauds and Protection Bureau. Environmental Protection Bureau. 1998. In the matter
of Monsanto Company, respondent. Assurance
of discontinuance pursuant to executive law §
63(15). New York, NY, Apr.
99. U.S. EPA. Region VII. 1998. Letter from L.A.
Flournoy, chief, Pesticides Branch, to Pete Haws,
NCAP, Mar. 4.
100. Pease, W.S. et al. 1993. Preventing pesticiderelated illness in California agriculture: Strategies and priorities. Environmental Health Policy
Program Report. Berkeley, CA: University of Calif.
School of Public Health. Calif. Policy Seminar.
101. Robinson, J.C. et al. 1994. Pesticides in the
home and community: Health risks and policy
alternatives. Environmental Health Policy Program Report. Berkeley, CA: University of Calif.
School of Public Health. Calif. Policy Seminar.
102. Calif. EPA. Dept. of Pesticide Regulation. 1996.
California pesticide illness surveillance program:
Summary report. 1994. Health and Safety Report HS-1734.
103. Calif. EPA. Dept. of Pesticide Regulation. 1998.
Case reports received by the California Pesticide Illness Surveillance Program in which health
effects were attributed to glyphosate, 1993-1995.
Unpublished report. Sacramento, CA, Aug.
104. Jamison, J.P., J.H.M. Langlands, R.C. Lowry.
1986. Ventilatory impairment from pre-harvest
retted flax. Brit. J. Ind. Med. 43:809-813.
105. Ware, G.W. et al. 1983. Reducing pesticide application drift-losses. Tucson, AZ: Univ. of Arizona.
College of Agriculture. Coop. Extension Service.
106. Atkinson, D. 1985. Glyphosate damage symptoms and the effects of drift. Appendix I. In
Grossbard, E. and D. Atkinson. The herbicide
glyphosate. London: Butterworths.
107. Breeze, V., G. Thomas, and R. Butler. 1992.
Use of a model and toxicity data to predict the
risks to some wild plants from drift of four herbicides. Ann. Appl. Biol. 121:669-677.
108. Freedman, B. 1990-1991. Controversy over the
use of herbicides in forestry, with particular reference to glyphosate usage. J. Envir. Sci. Hlth.
C8(2):277-286.
109. Yates, W.E., N.B. Akesson, and D.E. Bayer. 1978.
Drift of glyphosate sprays applied with aerial and
ground equipment. Weed Sci. 26(6):597-604.
110. Marrs, R.H. et al. 1993. Determination of buffer
zones to protect seedlings of non-target plants
from the effects of glyphosate spray drift. Agric.
Ecosys. Environ. 45:283-293.
111. Monsanto Co. 1992. Letter from R.M.
Weppelman, Product Registration and Regulatory Affairs Manager, to U.S. EPA Office of Pesticide Programs, June 16.
112. Washington State Dept. of Health. 1993. Pesticide incident reporting and tracking review panel.
Annual report 1992. Olympia, WA, Feb.
113. Riley, C.M., C.J. Weisner, and W.A. Sexsmith.
1991. Estimating off-target spray deposition on
the ground following the aerial application of
glyphosate for conifer release in New Brunswick.
J. Environ. Sci. Health B26(2):185-208.
114. Payne, N.J. 1993. Spray dispersal from aerial silvicultural applications. Crop Protec. 12(6):463-469.
115. Payne, N.J. 1992. Off-target glyphosate from aerial
silvicultural applications, and buffer zones required
around sensitive areas. Pestic. Sci. 34:1-8.
116. Monsanto Co. 1991. Letter from R.M.

16

Weppelman, Product Registration and Regulatory Affairs Manager, to U.S. EPA Office of Pesticide Programs, Oct 28.
117. Monsanto Co. 1992. Letter from R.M.
Weppelman, Product Registration and Regulatory Affairs Manager, to U.S. EPA Office of Pesticide Programs, Aug. 21.
118. Monsanto Co. 1992. Letter from R.M.
Weppelman, Product Registration and Regulatory Affairs Manager, to U.S. EPA Office of Pesticide Programs, May 5.
119. U.S. EPA. Environmental Fate and Effects Division. 1993. Pesticide environmental fate one line
summary; Glyphosate. Washington, D.C., May 6.
120. Torstensson, L. and Stark, J. 1979. Persistence
of glyphosate in forest soils. In Weeds and weed
control. 20th Swedish Weed Conference.
Uppsala. 31 January - 2 February 1979. Uppsala,
Sweden: Swedish Univ. of Agricultural Sciences.
121. Newton, M. et al. 1984. Fate of glyphosate in an
Oregon forest ecosystem. J. Agric. Food. Chem.
32:1144-1151.
122. Müller, M. et al. 1981. Fate of glyphosate and
its influence on nitrogen-cycling in two Finnish
agricultural soils. Bull. Environ.. Contam. Toxicol.
27:724-730.
123. Feng, J.C. and D.G. Thompson. 1990. Fate of
glyphosate in a Canadian forest watershed. 2.
Persistence in foliage and soils. J. Agric. Food.
Chem. 38: 1118-1125.
124. Roy, D.N. et al. 1989. Persistence, movement,
and degradation of glyphosate in selected Canadian boreal forest soils. J. Agric. Food. Chem.
37:437-440.
125. Torstensson, N.T.L., L.N. Lundgren, and J.
Stenström. 1989. Influence of climate and
edaphic factors on persistence of glyphosate and
2,4-D in forest soils. Ecotoxicol. Environ. Safety
18:230-239.
126. U.S. EPA. Ecological Effects Branch. 1993. Science chapter for reregistration eligibility document for glyphosate. Washington, D.C., May 1.
127. Ref.#1, p.79.
128. Piccolo, A. et al. 1994. Adsorption and desorption of glyphosate in some European soils. J.
Environ. Sci. Health B29(6):1105-1115.
129. Frank, R. et al. 1990. Contamination of rural
ponds with pesticide, 1971-1985, Ontario,
Canada. Bull. Environ. Contam. Toxicol. 44:401409.
130. Edwards, W.M., G.B. Triplett, Jr., and R.M.
Kramer. 1980. A watershed study of glyphosate
transport in runoff. J. Environ. Qual. 9(4):661665.
131. U.S. EPA. Prevention Pesticides and Toxic Substances. 1992. Pesticides in groundwater database. A compilation of monitoring studies: 19711991. National summary. Washington, D.C.
132. Rashin, E. and C. Graber. 1993. Effectiveness
of best management practices for aerial application of forest pesticides. TFW-WQ1-93-001.
Olympia, WA: Washington State Dept. of Ecology, Oct.
133. Oregon Dept. of Forestry. Forest Practices Program. 1992. Forest herbicide application water
sampling study. Salem, OR, Jan.
134. Bortleson, G.C. and D.A. Davis. 1997. Pesticides in selected small streams in the Puget
Sound Basin, 1987-1995. U.S. Geological Survey. Fact Sheet 067-97. Tacoma, WA, June.
135. Smith, N.J., R.C. Martin, and R.G. St. Croix.
1996. Levels of the herbicide glyphosate in well
water. Bull. Environ. Contam. Toxicol. 57:759756.
136. Goldsborough, L.G. and A.E. Beck. 1989. Rapid
dissipation of glyphosate in small forest ponds.
Arch. Environ. Contam. Toxicol. 18:537-544.
137. Goldsborough, L.G. and D.J. Brown. 1993. Dissipation of glyphosate and aminomethylphosphonic acid in water and sediments of bo-

real forest ponds. Environ. Toxicol. Chem.
12:1139-1147.
138. 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.
139. Brust, G.E. 1990. Direct and indirect effects of
four herbicides on the activity of carabid beetles
(Coleoptera: Carabidae). Pestic. Sci. 30:309-320.
140. Asteraki, E.J., C.B. Hanks, and R.O. Clements.
1992. The impact of the chemical removal of
the hedge-base flora on the community structure of carabid beetles (Col., Carabidae) and
spiders (Araneae) of the field and hedge bottom. J. Appl. Ent. 113:398-406.
141. Santillo, D.J., D.M. Leslie, and P.W. Brown.
1989. Responses of small mammals and habitat to glyphosate application on clearcuts. J.
Wildl. Manage. 53(1):164-172.
142. U.S. EPA. Office of Pesticides and Toxic Substances. 1986. Guidance for the reregistration
of pesticide products containing glyphosate as
the active ingredient. Washington, D.C., June.
143. Mohamed, A.I. et al. 1992. Effects of pesticides
on the survival, growth and oxygen consumption of Hemilepistus reaumuri (Audouin &
Savigny 1826) (Isopoda Oniscidea). Trop. Zool.
5:145-153.
144. Folmar, L.C., H.O. Sanders, and A.M. Julin.
1979. Toxicity of the herbicide glyphosate and
several of its formulations to fish and aquatic
invertebrates. Arch. Environ. Contam. Toxicol.
8:269-278.
145. Hartman, W.A. and D.B. Martin. 1984. Effect of
suspended bentonite clay on the acute toxicity
of glyphosate to Daphnia pulex and Lemna minor. Bull. Environ. Contam. Toxicol. 33:355-361.
146. Servizi, J.A., R.W. Gordon, and D.W. Martens.
1987. Acute toxicity of Garlon 4 and Roundup
herbicides to salmon, Daphnia, and trout. Bull.
Environ. Contam. Toxicol. 39:15-22.
147. Holck, A.R. and C.L. Meek. 1987. Dose-mortality responses of crawfish and mosquitoes to selected pesticides. J. Am. Mosqu. Contr. Assoc.
3:407-411.
148. Springett, J.A. and R.A.J. Gray. 1992. Effect of
repeated low doses of biocides on the earthworm Aporrectodea caliginosa in laboratory culture. Soil Biol. Biochem. 24(12):1739-1744.
149. Mitchell, D.G., P.M. Chapman, and T.J. Long.
®
®
1987. Acute toxicity of Roundup and Rodeo
herbicides to rainbow trout, chinook, and coho
salmon. Bull. Environ. Contam. Toxicol. 39:10281035.
150. Wan, M.T., R.G. Watts, and D.J. Moul. 1989.
Effects of different dilution water types on the
acute toxicity to juvenile Pacific salmonids and
rainbow trout of glyphosate and its formulated
products. Bull. Environ. Contam. Toxicol. 43:378385.
151. Holdway, D.A. and D.G. Dixon. 1988. Acute toxicity of permethrin or glyphosate pulse exposure
to larval white sucker (Catostomus commersoni)
and juvenile flagfish (Jordanella floridae) as
modified by age and ration level. Environ.
Toxicol. Chem. 7:63-68.
152. Holtby, L.B. 1989. Changes in the temperature
regime of a valley-bottom tributary of Carnation
Creek, British Columbia, over-sprayed with the
herbicide Roundup (glyphosate). In Reynolds,
P.E. (ed.) Proceedings of the Carnation Creek
Herbicide Workshop. Sault Ste. Marie, Ontario,
Canada: Forest Pest Management Institute.
153. Morgan, J.D. et al. 1991. Acute avoidance reactions and behavioral responses of juvenile rainbow trout (Oncorhynchus mykiss) to Garlon 4,
®
®
Garlon 3A and Vision herbicides. Environ.
Toxicol. Chem. 10:73-79.
154. Liong, P.C., W.P. Hamzah, and V. Murugan.

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

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 1998 • VOL.18, NO. 3
UPDATED 1/02
1988. Toxicity of some pesticides towards freshwater fishes. Malaysian Agric. J. 54(3):147-156.
155. Neskovic, N.K. et al. 1996. Biochemical and histopathological effects of glyphosate on carp,
Cyprinus carpio L. Bull. Environ. Toxicol. Chem.
56:295-302.
156. MacKinnon, D.S. and B. Freedman. 1993. Effects of silvicultural use of the herbicide
glyphosate on breeding birds of regenerating
clearcuts in Nova Scotia, Canada. J. Appl. Ecol.
30(3):395-406.
157. Santillo, D., P. Brown, and D. Leslie. 1989. Responses of songbirds to glyphosate-induced
habitat changes on clearcuts. J. Wildl. Manage.
53(1):64-71.
158. Eggestad, M. et al. 1988. Glyphosate application in forest--ecological aspects. VIII. The effect on black grouse (Tetrao tetrix) summer habitat. Scand. J. For. Res. 3:129-135.
159. D’Anieri, P., D.M. Leslie, and M.L. McCormack.
1987. Small mammals in glyphosate-treated
clearcuts in northern Maine. Can. Field-Nat.
101(4):547-550.
160. Ritchie, C., A.S. Harestad, and R. Archibald.
1987. Glyphosate treatment and deer mice in
clearcut and forest. Northw. Sci. 6(3):199-202.
161. Sullivan, T. 1990. Demographic responses of
small mammal populations to a herbicide application in coastal coniferous forest: population
density and resiliency. Can. J. Zool. 68:874-883.
162. Hjeljord, O. et al. 1988. Glyphosate application
in forest--ecological aspects. VII. The effect on
mountain hare (Lepus timidus) use of a forest
plantation. Scand. J. For. Res. 3:123-127.
163. Runciman, J.B., and T.P. Sullivan. 1996. Influence of alternative conifer release treatments
on habitat structure and small mammal populations in south central British Columbia. Can. J.
For. Res. 26:2023-2034.
164. Balfour, P.M. 1989. Effects of forest herbicides
on some important wildlife forage species.
Victoria, British Columbia, Canada: B.C. Ministry of Environment.
165. Locke, D., J.A. Landivar, and D. Moseley. 1995.
The effects of rate and timing of glyphosate applications on defoliation efficiency, regrowth inhibition, lint yield, fiber quality and seed quality.
Proc. Beltwide Cotton Conf., National Cotton
Council of America: 1088-1090.
166. Hutchinson, G.L. 1995. Nitrogen cycle interactions with global change processes. In
Nierenberg, W.L. (ed.) Encyclopedia of Environmental Biology. Volume 2. San Diego: Academic
Press. Pp.563-557.
167. Eberbach, P.L. and L.A. Douglas. 1983. Persistence of glyphosate in a sandy loam. Soil Biol.
Biochem. 15(4):485-487.
168. Eberbach, P.L. and L.A. Douglas. 1989. Herbicide effects on the growth and nodulation potential of Rhizobium trifolii with Trifolium
subterraneum L. Plant and Soil 119:15-23.
169. Santos, A. and M. Flores. 1995. Effects of glyphosate on nitrogen fixation of free-living heterotrophic bacteria. Lett. Appl. Microbiol. 20:349352.
170. Moorman, T.B. et al. 1992. Production of
hydrobenzoic acids by Bradyrhizobium
japonicum strains after treatment with
glyphosate. J. Agric. Food Chem. 40:289-293.
171. Mårtensson, A.M. 1992. Effects of agrochemicals and heavy metals on fast-growing Rhizobia
and their symbiosis with small-seeded legumes.
Soil Biol. Biochem. 24(5):435-445.
172. Tenuta, M. and E.G. Beauchamp. 1995. Denitrification following herbicide application to a grass
sward. Can. J. Soil. Sci. 76:15-22.
173. Towle, A. 1989. Modern biology. Austin, TX: Holt,
Rinehart and Winston. p.342.
174. Estok, D., B. Freedman, and D. Boyle. 1989.
Effects of the herbicides 2,4-D, glyphosate,

hexazinone, and triclopyr on the growth of three
species of ectomycorrhizal fungi. Bull. Environ.
Contam. Toxicol. 42:835-839.
175. Chakravarty, P. and S.S. Sidhu. 1987. Effects
of glyphosate, hexazinone and triclopyr on in
vitro growth of five species of ectomycorrhizal
fungi. Eur. J. For. Path. 17:204-210.
176. Beyrle, H.F. et al. 1995. Colonization of Orchis
morio protocorms by a mycorrhizal fungus: effects of nitrogen nutrition and glyphosate in modifying the responses. Can. J. Bot. 73:1128-1140.
177. Brammall, R.A. and V.J. Higgins. 1988. The effect of glyphosate on resistance of tomato to
Fusarium crown and root rot disease and on the
formation of host structural defensive barriers.
Can. J. Bot. 66:1547-1555.
178. Johal, G.S. and J.E. Rahe. 1988. Glyphosate,
hypersensitivity and phytoalexin accumulation in
the incompatible bean anthracnose host-parasite interaction. Physiol. Molec. Plant Pathol.
32:267-281.
179. Mekwatanakarn, P. and K. Sivassithamparam.
1987. Effect of certain herbicides on soil microbial populations and their influence on
saprophytic growth in soil and pathogenicity of
take-all fungus. Biol. Fertil. Soils 5:175-180.
180. Kawate, M.K. et al. 1997. Effect of glyphosatetreated henbit (Lamium amplexicaule) and downy
brome (Bromus tectorum) on Fusarium solani f.
sp. pisi and Pythium ultimum. Weed Sci. 45:739743.
181. Bergvinson, D.J. and J.H. Borden. 1992. Enhanced
colonization by the blue stain fungus Ophiostoma
claverum in glyphosate-treated sapwood of lodgepole pine. Can J. For. Res. 22:206-209.
182. Gressel, J. 1996. Fewer constraints than proclaimed to the evolution of glyphosate-resistant
weeds. Resist. Pest Manage. 8:2-5.
183. Sindel, B. 1996. Glyphosate resistance discovered in annual ryegrass. Resist. Pest Manage.
8:5-6.

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

17

