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e HERBICIDE FACTSHEET

2.4-D: TOXICOLOGY, PART 1

2,4-D is the most widely used herbicide in the world. Almost 60 million pounds are used annually in the U.S. An
estimated 35 million lawn and garden applications are made each year.

Symptoms of 2,4-D poisoning include drowsiness, vomiting, convulsions, kidney and liver injury, and muscle
twitching. 2,4-D, and its salts that are used in herbicide products, are severe eye irritants. Three of these salts
cause skin lesions.

2,4-D is unusual among herbicides in that it causes an array of adverse effects to the nervous system:
myotonia (the inability of muscles to relax), disruption of the activity of nervous system chemicals, and
behavioral changes. Maturing nervous systems may be particularly vulnerable: in laboratory tests juvenile rats
exposed to 2,4-D developed smaller brains than unexposed rats.

The ability of blood to carry oxygen and to form clots is reduced by 2,4-D.

2,4-D has also caused genetic damage in tests using both cell cultures and laboratory animals. It increased the

frequency of a gene mutation in hamster muscle cell cultures, increased the frequency of abnormal
chromosomes in bone marrow cells of rats and mice, and increased the number of breaks in human DNA (the
molecule from which chromosomes are made).

BY CAROLINE COX

The herbicide 2,4-D (2,4-dichlo-
rophenoxyacetic acid; see Figure 1) is a
widely used member of the phenoxy fam-
ily.r It is currently manufactured by
AGRO-GOR, Dow AgroSciences, and
Nufarm, U.S.A? and is sold under a im-
mense variety of brand names, including
many “weed & feed” home use products.®
It is a selective herbicide, with highest
toxicity to broadleaf plants.! The acid
form is occasionally used in commercial
herbicide products; three salts (the
dimethylamine, triisopropanolamine, and
isopropylamine) and two esters (the
isooctyl ester and the butoxyethyl ester)
are commonly used.* (See Figure 1 for
examples.)

2,4-D was first registered for use in
the U.S. in 1948,% and is now undergo-
ing the reregistration process in which
health and safety testing for older

Caroline Cox is JPR’s editor. The second part of
NCAP’s summary of 2,4-D’s toxicology will be pub-
lished in the Summer 1999 issue of JPR.

2,4-D

Figure 1
2,4-D and Some of Its Salts and Esters
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pesticides is brought up to current
standards.®

Use

2,4-D is “the most widely used herbi-
cide in the world,” according to a con-
sortium of 2,4-D manufacturers.? The
U.S. Environmental Protection Agency
(EPA) estimates that use in the U.S. is
58 million pounds per year, with lawn
and garden uses accounting for 9 million
pounds; industrial, commercial and gov-
ernment uses accounting for 13 million;
and agriculture accounting for 36 mil-
lion.” (See Figure 3.)

U.S. households make an estimated 35

million applications of 2,4-D annually.

The U.S. Department of Agriculture
surveyed agricultural 2,4-D use patterns
in 1996 and found that major uses in-
cluded control of unwanted plants in pas-
ture, fallow land, rangeland, wheat, corn,
and turf.?

“Inert” Ingredients

Like most pesticide products, many
commercial 2,4-D products contain
“inerts,” ingredients added to make pes-
ticides more potent or easier to use whose
identity is often not publicly available.
Where available, information about the
toxicology of commercial 2,4-D products,
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ToxiC MECHANISMS: How DOES 2,4-D KILL
PLANTS AND INJURE ANIMALS?

Plants: 2,4-D mimics plant hor-
mones called auxins which control “a
multitude of plant growth and devel-
opment processes.”* Concentrations of
auxins normally fluctuate in order to
properly direct growth. In cells exposed
to 2,4-D, however, levels of this auxin
mimic remain high because 2,4-D is
more stable and persistent than aux-
ins.12 As a result, 2,4-D stimulates the
synthesis of nucleic acids® and pro-
teins and causes abnormal growth.!
Death occurs when the plant’s trans-
port system (xylem and phloem) is
crushed and plugged by this growth.1:2
Other physiological processes are also
disrupted by 2,4-D, including the ac-
tivity of certain enzymes, energy pro-
duction,* and cell division.3

Animals: 2,4-D also has striking
effects on biological processes in ani-
mals. Energy production in animal
cells is disrupted®: ATP (adenosine
triphosphate), the molecule that serves
as the cell’s energy “currency,” is de-
pleted,® and two enzymes in the mito-
chondria (where cellular energy pro-
duction occurs) are inhibited.” 2,4-D
also inhibits an enzyme involved in
the metabolism of lipids (fatty organic
molecules).2® Protein synthesis is in-
hibited'%!: 2,4-D inhibits an enzyme
(ornithine decarboxylase) that synthe-
sizes molecules called polyamines that
in turn are required for making pro-
teins.1213 2,4-D also inhibits the syn-
thesis of DNA, the molecule that
makes up genetic material.1®!! En-
zymes used by the liver to detoxify
hazardous molecules are inhibited by
2,4-D,1415 and a peptide used in
detoxification is depleted.'® 2,4-D in-
creases the activity of a muscle cell en-
zyme (p-nitrophenylphosphatase) that
transports ions across membranes,’
and also inhibits four blood enzymes.*®

2,4-D causes overexpression of a gene in-
volved in regulating transport of lipids in
the liver.1® Finally, 2.4-D disrupts the ner-
vous system: it binds with acetylcholine?°
(used to transmit nerve impulses from one
nerve to another), inhibits the enzyme
acytylcholinesterase,?>%? (see Figure 2)
and increases levels of another neurotrans-
mitter, serotonin.23

Figure 2
2,4-D Inhibits a Nervous
System Enzyme

240
Exposed

220
200
180 - s
160

Unexposed
140

Acetylcholinesterase activity
’
\

120

100
0 10 20

Hours since 2,4-D injection

30

Source: Ref.

1. Hess, F.D. 1993. Herbicide effects on plant struc-
ture, physiology and biochemistry. In Pesticide
interactions in crop production: Beneficial and
deleterious effects, ed. Altman, J. Boca Raton:
CRC Press.

2. Zimdahl, R.L. 1993. Fundamentals of weed sci-
ence. San Diego CA: Academic Press.

3. Cherry, J.H. 1970. Effect of auxin-herbicides on
plant and animal biochemistry. HortScience 5:
205-207.

4. Munro, I.C. et al. 1992. A comprehensive, inte-
grated review and evaluation of the scientific
evidence relating to the safety of the herbicide
2,4-D. J. Amer. Coll. Toxicol. 5:559-664.

5. Zychlinski, L. and S. Zolnierowicz. 1990. Com-
parison of uncoupling activities of chlorophenoxy
herbicides in rat liver mitochondria. Toxicol. Lett.
52:25-34.

6. Palmeira, C.M., A.J. Moreno, and V.M.C. Madeira.
1994. Metabolic alterations in hepatocytes pro-
moted by the herbicides paraquat, dinoseb, and
2,4-D. Arch. Toxicol. 68:24-31.

7. Palmeira, C.M., A.J. Moreno, and V.M.C. Madeira.
1994. Interactions of herbicides 2,4-D and dinoseb

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

with liver mitochondrial bioenergetics. Toxicol.
Appl. Pharmacol. 127:50-57.

El Kebbaj, M.S., M. Cherkaoui Malki, and
N. Latruffe. 1995. Effect of peroxisomes
proliferators and hypolipemic agents on mi-
tochondrial inner membrane linked D-3-
hydroxybutyrate dehydrogenase (BDH).
Biochem. Mol. Biol. Intern. 35:65-77.

M. Cherkaoui Malki et al. 1991. Effect of
different hypolemic agents on rat liver per-
oxisomal and mitochondrial functions and
biogenesis. Cell. Mol. Biol. 37:723-733.
Rivarola, V., J.R. Bergesse, and H. Balegno.
1985. DNA and protein synthesis inhibition in
Chinese hamster ovary cells by dichlorophe-
noxyacetic acid. Toxicol. Lett. 29:137-144.
Rivarola, V. and H. Balegno. 1991. Effects
of 2,4-dichlorophenoxyacetic acid on
polyamine synthesis in Chinese hamster
ovary cells. Toxicol. Lett. 56:151-157.
Rivarola, V. and H. Balegno. 1991. 2,4-Dichlo-
rophenoxyacetic acid effects on polyamine bio-
synthesis. Toxicol. 68:109-119.

Rivarola, V., G. Mori, and H. Balegno. 1992.
2,4-Dichlorophenoxyacetic acid action on in
vitro protein synthesis and its relation to
polyamines. Drug Chem. Toxicol. 15:245-257.
Singh, S.V. and Y.C. Awasthi. 1985. Inhibi-
tion of human glutathione S-transferases by
2,4-dichlorophenoxyacetate (2,4-D) and
2,4,5-trichlorophenoxyacetate (2,4,5-T).
Toxicol. Appl. Pharmacol. 81:328-336.
Mustonen, R. et al. 1989. Effects of com-
mercial chlorophenolate, 2,3,7,8-TCDD, and
pure phenoxyacetic acids on hepatic per-
oxisome proliferation, xenobiotic metabo-
lism, and sister chromatid exchange in the
rat. Arch. Toxicol. 63:203-208.

Palmeira, C.M., A.J. Moreno, and V.M.C.
Madeira. 1995. Thiol metabolism is altered
by the herbicides paraquat, dinoseb and 2,4-
D: A study in isolated hepatocytes. Toxicol.
Lett. 81:115-123.

Brody, I.A. 1973. Myotonia induced by
monocarboxylic aromatic acids. Arch.
Neurol. 28: 243-246.

Sekeroglu, M.R., | Celik, and O. Arslan.
1997. Influence of some pesticides on ac-
tivity of seven serum enzymes (in vitro). J.
Environ. Sci. Health A 32:1975-1980.
Miranda, S. et al. 1997. Overexpression of
mdr2 gene by peroxisome proliferators in
the mouse liver. J. Hepatol. 26:1331-1339.
Sastry, B.V.R. et al. 1997. Cellular toxicity
of 2,4,5-trichlorophenoxyacetic acid: forma-
tion of 2,4,5-trichlorophenoxyacetylcholine.
Cell. Mol. Biol. 43:549-557.

Bernard, P.A. et al. 1985. 2,4-Dichlorophe-
noxyacetic acid (2,4-D) reduces acetylcho-
linesterase activity in rat muscle. Exper.
Neurol. 87:544-556.

Kuntz, D.J. et al. 1990. Toxicity of mixtures
of parathion, toxaphene and/or 2,4-D in
mice. J. Appl. Toxicol. 10:257-266.

Elo, H.A. and E. MacDonald. 1989. Effects
of 2,4-dichlorophenoxyacetic acid (2,4-D) on
biogenic amines and their acidic metabo-
lites in brain and cerebrospinal fluid of rats.
Arch. Toxicol. 63:127-130.

NORTHWEST COALITION FOR ALTERNATIVES TO PESTICIDES/NCAP
P.O. BOX 1393, EUGENE, OREGON 97440 / (541)344-5044

15



JOURNAL OF PESTICIDE REFORM/SPRING 1999 - VOL.19, NO. 1

including “inerts,” is included in the fol-
lowing discussion. Specific information
about the toxicology of “inerts” used in
2,4-D products will be summarized in
the next part of this factsheet.

Acute Toxicity

According to the National Toxicology
Program, symptoms of short-term expo-
sure to 2,4-D include drowsiness, nau-
sea, vomiting, convulsions, coma, kidney
and liver injury, hepatitis, diarrhea, weak-
ness, muscle twitching, loss of reflexes,
headache, numbness or pain in the arms
and legs, sweating, and incontinence.°

Case reports published by physicians
provide more detailed accounts. One pa-
tient spilled about 1/4 cup (60 millili-
ters) of a 10 percent solution of a 2,4-D
ester on his forearms. That evening he
felt fatigued, and for ten days suffered
from nausea, vomiting, and a 20 pound
weight loss. A second patient accidentally
sprayed a 2,4-D ester solution on his
sleeves and pant legs, and inhaled the
spray. The following day he had a head-
ache, and vomited.**

Eye Irritation

2,4-D and its dimethylamine,
diethanolamine, isopropylamine, and
triisopropanolamine salts are “severe eye
irritants” which cause eye lesions lasting
at least 3 days. In long-term feeding stud-
ies at relatively high doses, 2,4-D has also
caused degeneration of the retina and
cataracts.?

For information about the eye irrita-
tion caused by commercial 2,4-D prod-
ucts, NCAP surveyed material safety data
sheets (MSDSs) and labels for 56 prod-
ucts. Of the products surveyed, 50 warned
of eye irritation hazards. Over 20 of these
were “corrosive” or caused “substantial”
or “irreversible” eye damage. The others
warned of moderate damage.*

Skin Irritation

In rabbits, 2,4-D is “mildly irritating”
to the skin. Three 2,4-D salts
(dimethylamine, diethanolamine, and
isopropylamine) cause skin lesions.!? In
NCAP’s survey of MSDSs and labels of

Figure 3

Lawn and garden

Industrial,
commercial,
and government

Washington, D.C., Aug.

Estimated Use of 2,4-D in the United States

Source: Aspelin, A.L. 1997. Pesticides industry sales and usage: 1994 and 1995 market
estimates. U.S. EPA. Office of Pesticide Programs. Biological and Economic Analysis Division.

Agriculture

Lawn and garden use of 2,4-D accounts for 16 percent of total use while agriculture accounts

for 26 percent.

commercial 2,4-D products, we found
that half of them contained warnings of
skin irritation, including skin sensitiza-
tion or the development of allergic reac-
tions in susceptible people.*

Neurotoxicity

Although many common insecticides
target the nervous system, 2,4-D is un-
usual among herbicides because it has an
array of adverse effects on the nervous
system. One of the most common neu-
rotoxic symptoms associated with 2,4-D
exposure is myotonia. Myotonia occurs
when muscles are unable to relax after a
voluntary contraction.® Myotonia is rou-
tinely induced in laboratory experiments
by administering 2,4-D.13-1

2,4-D has also caused peripheral neu-
ropathy, a condition involving unusual
sensations, numbness, and pain in the
arms and legs, as well as incoordination
and unsteadiness when walking.® This
disability can be protracted, and recovery
incomplete. Examples of cases reported
by physicians include a farmer who lost
the ability to walk six weeks after spilling

2,4-D on his clothing. A year later the
patient was still using crutches to walk,
and two years later had not regained
movement of his toes. A homeowner de-
veloped peripheral neuropathy after kneel-
ing on her 2,4-D-treated lawn. She lost
20 pounds and was unable to walk for a
period of weeks. Three years later she was
still “clumsy on her feet,” according to
her physician, and was only 2/3 recov-
ered.!” Another farmer lost hand control
after spraying 2,4-D on his cornfield; a
year later he still complained of intermit-
tent numbness.!” Individuals seem to vary
considerably in how susceptible they are
to neuropathy caused by 2,4-D.Y

In experiments with laboratory ani-
mals, 2,4-D affects behavior. In rats,
single oral doses of 2,4-D decreased how
much they walked, decreased the num-
ber of times they reared on their hind
legs, and increased the amount of time
they were still. (See Figure 4.) These be-
havioral effects were associated with
changes in the levels of serotonin and its
breakdown product in the brain.*® Sero-
tonin is one of the chemicals used in the
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Figure 4

2,4-D Exposure Changes Behavior
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Source: Oliveira, G.H. and J. Palermo-Neto. 1993. Effects of 2,4-dichlorophenoxyacetic acid
(2,4-D) on open-field behavior and neurochemical parameters of rats. Pharmacol. Toxicol.

2,4-D causes laboratory rats to increase the time they spend standing still and decrease the

amount of walking they do.

brain to transmit nerve impulses from one
nerve cell to another. Another experiment
showed that 2,4-D reduced the frequency
of learned behaviors in rats.'® Similar be-
havioral effects have been caused by 2,4-
D butoxyethyl ester: a reduced amount
of walking and an increase in
incoordination.?%2! The incoordination is
probably caused by n-butanol, a break-
down product of the butoxyethyl ester,
but the effects on movement appear to
be caused by 2,4-D itself.?!

Laboratory experiments also indicate
that children’s nervous systems might be
especially affected by 2,4-D exposure. In
rats, exposure of growing juvenile rats
(during the first 2-3 weeks after birth)
reduced the size of the brain and altered
components of the membranes in nerve
cells.?? (See Figure 5.) When juvenile rats
are exposed to 2,4-D through their
mother’s milk, they develop less myelin
(a covering on nerve cells) than normal 23
Exposure of juvenile rats to the
butoxyethyl ester of 2,4-D resulted in re-
duced brain weight, changes in the levels

of neurotransmitters, and impaired learn-
ing ability.?* When juvenile rats were ex-
posed both during pregnancy and nurs-
ing, levels of serotonin in the brain per-
manently increased.?®

These studies showing how 2,4-D af-
fects the nervous system are supported
by studies showing that 2,4-D travels to
the brain after animals are dosed with
the herbicide. At high doses, 2,4-D dam-
ages the blood-brain barrier, allowing 2,4-
D to penetrate brain tissue,?® but 2,4-D
also reaches the brain at doses as low as
1/100 of the acute lethal dose.?’

Effects on the Circulatory
System

2,4-D disrupts the ability of the blood
to carry oxygen, and also inhibits the
blood clotting process.

Scanning electron micrographs of hu-
man red blood cells show that 2,4-D has
a dramatic effect on the shape of red
blood cells (cells that carry oxygen). (See
Figure 6.) This effect is caused by 2,4-
D’s ability to perturb red blood cell mem-

Figure 5
2,4-D Exposure of Juveniles
Reduces Brain Size
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2,4-dichlorophenoxyacetic acid on central
nervous system of developmental rats:
Associated changes in ganglioside pattern.
Brain Res. 769:163-167.

2,4-D causes juvenile rats to develop smaller
brains.

branes.?® 2,4-D also decreases the affin-
ity that hemoglobin has for oxygen.?°

In human blood, platelet aggregation
(the process of blood clotting) is inhib-
ited by 2,4-D.3%3L Inhibition of clotting
also occurs in rabbit blood following in-
jection of 2,4-D.%

There are no publicly available labo-
ratory studies of the effect of commercial
2,4-D products on the circulatory sys-
tem. However, NCAP’s survey of label
and MSDSs for 56 2,4-D products found
that seven of them warn that exposure
can cause a decrease in blood pressure.*

Subchronic Toxicity

In medium-term (subchronic) toxicity
tests using rats, EPA found the most sig-
nificant adverse effects were found in the
blood and kidneys.3? After 7 weeks, he-
moglobin (oxygen-carrying protein) lev-
els in the blood decreased, as did the
number of red blood cells, consistent with
the studies summarized in the previous
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section. The decrease was statistically sig-
nificant at all but the lowest dose tested
(1 milligram per kilogram (mg/kg) of
body weight per day). EPA set 2,4-D’s
reference dose, the “daily exposure that is
likely to be without an appreciable risk
of deleterious effects during a lifetime,”
based on this study,3? although 2,4-D
manufacturers support a 15-fold increase.*
In addition, at all but the two lowest doses
tested in this study, kidney weights in-
creased and pathology of the kidney was
observed.

Other medium-term studies have found
2,4-D caused loss of muscle and body
weight, or decreased weight gain.33%

Chronic Toxicity

Chronic (long-term) feeding studies
with laboratory animals show effects simi-
lar to those found in the subchronic stud-
ies. In a two-year study with rats, 2,4-D
caused Kidney lesions at all but the low-
est dose tested (1 mg/kg of body weight).
In a one-year study with dogs, 2,4-D
caused a decrease in weight gain and le-
sions in the liver and kidney, again at all
doses except the lowest. The World
Health Organization used these results to
set its “acceptable daily intake.”*?

Chronic effects of 2,4-D have also been
reported in people. Several physicians
have published reports of liver disease
(hepatitis) associated with exposure to 2,4-
D. In both cases the patients were golfers
who habitually licked their golf balls while
playing on 2,4-D-treated golf courses.26-3

There are no publicly available chronic
or subchronic laboratory studies of com-
mercial 2,4-D products (containing 2.4-D
and “inert” ingredients).

Mutagenicity

A study of herbicide applicators spray-
ing 2,4-D found that white blood cells
with multiple nuclei (chromosome-con-
taining structures) were more common
in applicators at the end of the spraying
season than before the season began. Ap-
plicators also had more multiple nuclei
than workers not exposed to 2,4-D.38

Although government evaluations of
laboratory studies of 2,4-D have con-

cluded that it does not cause genetic dam-
age,123% in fact it has been mutagenic in
a variety of studies. These include both
studies using live animals and studies us-
ing cell cultures.

Animals: When administered in rab-
bits’ drinking water, the sodium salt of
2,4-D caused an increase in the number
of brain cells with unusual numbers of
chromosomes or cells with multiple chro-
mosome sets.*0 Dermally applied 2,4-D
caused an increase in the number of ab-
normalities in the nuclei of hair follicle
cells in mice.*! 2,4-D also increased the
frequency of abnormal chromosomes in
the bone marrow cells of mice*? and rats*3
fed 2,4-D.

Human cell cultures: The
dimethylamine salt of 2,4-D caused
breaks in DNA molecules (genetic mate-
rial) from human connective tissue.**
Commercial products containing the
amine salt of 2,4-D,* and 2,4-D acid,*
caused chromosome aberrations in cul-
tured human white blood cells. Also in
white blood cells, 2,4-D acid caused an
increase in sister chromatid exchanges,*6
the exchange of DNA between parts of a
duplicating chromosome.*’

Other cell cultures: When cultured
cells from hamster connective tissue were
exposed to 2,4-D, the frequency of mu-

Figure 6
Effect of 2,4-D on Red Blood
Cells
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(based on scanning electron micrographs)

Source: Suwalsky, M. etal. 1996. Interaction
of 2,4-dichlorophenoxyacetic acid (2,4-D)
with cell and model membranes. Biochim.
Biophys. Acta 1285:267-276.

2,4-D damages the membranes of red blood
cells causing them to develop an abnormal
shape.

Figure 7
2,4-D Causes Gene Mutations
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2,4-D causes mutations in cell cultures of hamster muscle cells.
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tations at a particular gene, called the
HGPRT locus, increased.*® (See Figure
7.) In cultures of cow muscle cells, 2,4-D
increased the frequency of polyploid cells
(those with multiple sets of chromosomes)
as well as cells with other chromosome
abnormalities.*®

Simultaneous exposure to several
chemicals may increase the genetic dam-
age caused by 2,4-D. In cultures of hu-
man connective tissue cells, copper and
2,4-D together caused DNA damage and
repair that was not caused by either
chemical alone.>®
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e HERBICIDE FACTSHEET

2,4-D: TOXICOLOGY, PART 2

2,4-D is a widely used herbicide in the phenoxy family.

Studies of male farmers exposed to 2,4-D have found that exposed farmers have low-quality sperm. In addition,
farmer-applicators in areas of high 2,4-D use have more children with birth defects than unexposed men.

2,4-D exposure has been linked with increased risk of the cancer non-Hodgkin’s lymphoma in a series of
studies. These include studies of farmers in the U.S. and Canada; workers in 2,4-D manufacturing plants;
professional lawn care applicators; and gardeners. In addition, exposure to 2,4-D-treated lawns has been
associated with an increased risk of lymphoma in dogs. 2,4-D’s ability to cause cancer has been controversial
since the first of these studies was published.

2,4-D disrupts the normal functions of hormone systems: it decreases blood concentrations of the metabolic
hormone thyroxine and increases production by the testes of estradiol, a female sex hormone.

The U.S. Environmental Protection Agency has reported that 2,4-D is contaminated with dioxins, including the
notorious 2,3,7,8-TCDD. TCDD causes a variety of reproductive problems, cancer, and damage to the immune

system.

Among the many “inert” ingredients in commercial 2,4-D products are the carcinogen crystalline silica, the
neurotoxic solvent xylene, and the teratogen and eye irritant 2-ethyl-1-hexanol.

By CAROLINE COX

-I-his is the second of two articles
discussing the toxicology of the herbicide
2,4-D (see Figure 1), a widely used mem-
ber of the phenoxy family.! This article
addresses 2,4-D’s effects on reproduction,
its carcinogenicity, its effects on the en-
docrine and immune systems, and the
toxicology of contaminants and “inert”
ingredients in 2,4-D products.

Effects on Reproduction

Evidence that exposure to 2,4-D can
adversely affect reproductive function
comes from studies of male farmers. In
one study, exposed farmers had lower
quality of sperm than did unexposed
farmers. Exposed farmers’ sperm counts
were 52 percent lower, the frequency of
abnormal sperm was doubled, and the
ability of the sperm to move was reduced
compared to sperm from unexposed farm-
ers. Exposure was verified by urine analy-

Caroline Cox is JPR’s editor.

Figure 1
2,4-D ICIJ
0-CH,-C-OH
_cCl
Cl

sis: exposed farmers’ urine contained an
average of 9 parts per million (ppm) of
2,4-D while none was found in urine
from unexposed farmers.?

A 1996 study of private pesticide
appliers (farmers licensed to apply re-
stricted-use pesticides on their farms) in
Minnesota also associated 2,4-D use with
adverse effects on reproduction. The study
found that the birth defect rate was higher
in children of private appliers than in the
general population, and that the birth de-
fect rate for children of appliers was high-
est in western Minnesota where use of
phenoxy herbicides (primarily 2,4-D and
MCPA) was highest. The birth defect rate
was highest for children of western Min-
nesota appliers conceived in the spring,

when phenoxy herbicides are applied. Fi-
nally, corroborating the sperm quality
study, the frequency of births among pes-
ticide appliers in high phenoxy herbicide
use counties was about half that of the
general population in those counties.®

Laboratory studies of 2,4-D’s effects
on reproduction in rats have shown that
relatively high doses of 2,4-D cause extra
ribs, misalignment and slow bone forma-
tion in the backbone, and other rib
abnormalities.*>

Concerns about 2,4-D’s effects on re-
production are increased by laboratory
studies showing that 2,4-D is found in
the brain and blood of fetuses after dos-
ing of mother animals.®’ Repeated expo-
sures increase accumulation of 2,4-D 2

There are no publicly available labo-
ratory studies of commercial 2,4-D prod-
ucts’ effects on reproduction. However,
NCAP’s survey of 56 2,4-D products
found that four have warnings about dam-
age to the testes.’

Gender Differences in
Susceptibility to 2,4-D

Laboratory tests have shown that there
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Figure 2
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Although a review commissioned by the manufacturers of 2,4-D states that reproductive effects
of 2,4-D are “not expected at the low levels to which humans may be exposed,” several
independent studies have documented these kinds of effects in exposed people.

are complex gender differences in the way
2,4-D affects animal physiology. In rats,
females are not able to rid the body of
2,4-D as quickly as are males, leading to
higher concentrations of 2,4-D in fe-
males. In hamsters, the reverse is true.'
In rats, effects of 2,4-D butyl ester on
behavior (the ability to balance on a spin-
ning rod) were observed in males and
pregnant females, but not in nonpreg-
nant females. A similar pattern was ob-
served with respect to learning an

NORTHWEST COALITION F L N
P.O. BOX 1393, EUGENE, REGO

avoidance behavior.11

Carcinogenicity

2,4-D’s ability to cause cancer has been
controversial since the 1970s when a
Swedish oncologist reported that many
of his lymphoma patients had been ex-
posed to phenoxy herbicides (including
2,4-D) and the related chlorophenols.t?
Since that time the association between
2,4-D exposure and cancer has been fre-
quently studied. Epidemiologists (scien-
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tists who study the causes of disease in
actual patients rather than laboratory ani-
mals) have focused on non-Hodgkin’s
lymphoma (NHL), the sixth most com-
mon cancer in the U.S. and one whose
incidence is increasing.'®

Studies which have found an associa-
tion between 2,4-D exposure and NHL
include the following:

« The National Cancer Institute (NCI)
studied the incidence of NHL among
Kansas men, and found that men with
NHL were more likely to have used farm
herbicides than men without the disease.
Looking at just 2,4-D exposure, men with
NHL were 2.6 times more likely to have
used 2,4-D than men without the dis-
ease. The relative risk of NHL increased
with the number of days of herbicide ex-
posure per year and the length of time
since the first exposure. Frequent herbi-
cide users had a six-fold increase in risk.14

« A second study by NCI,* conducted
in Nebraska, found a similar association
between use of 2,4-D and NHL. Over-
all, the study found “a 50% excess of
NHL associated with mixing or applying
2,4-D.”15 As in the Kansas study, risk
increased with increasing number of days
that 2,4-D was used.

This study, and the Kansas study, were
criticized because they obtained informa-
tion about herbicide exposure from
spouses if the farmers themselves had
died. NCI then did two studies to com-
pare responses from farmers and spouses
and found that agreement was excellent
on yes/no questions and adequate on
more detailed questions.'® While the re-
liability of responses about pesticide use
are “lower than desired,” the biases this
introduces would tend to obscure any as-
sociation between disease and pesticide
use, and thus strengthens the results of
the Kansas and Nebraska studies.'’

A study by the Laboratory Centre
for Disease Control (Canada) found that
the risk of NHL in male Saskatchewan
farmers increased with the acreage they
sprayed with herbicides. Herbicide use by
Saskatchewan farmers during the years of
the study was 75 - 90 percent 2,4-D 18

* A third National Cancer Institute
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study found that dogs with canine malig-
nant lymphoma (the canine equivalent
of NHL) were more likely than healthy
dogs to live in households where owners
applied 2,4-D to their lawn or employed
lawn care companies to treat their yard
for weeds. Risks were highest when both
commercial and owner applications were
made and in households making four or
more applications per year.'® A task force
of 2,4-D manufacturers sponsored a de-
tailed critique of the study,?® but most of
these have been answered by the study’s
authors.?! A follow-up study showed that
dogs living in homes with 2,4-D treated
lawns had high urinary 2,4-D levels.??

* A study of workers in a U.S. 2,4-D
manufacturing plant found that cancers
of the lymph system were 3 times more
frequent than expected.?® The incidence
of NHL remained high in a follow-up
study.?* In 4 British factories manufac-
turing phenoxy herbicides, the incidence
of non-Hodgkin’s lymphoma was 2 times
higher than expected.?

« Among employees of the lawn care
company ChemLawn, the incidence of

NHL for male lawn applicators was about
1.6 times that expected. The incidence
among applicators employed over three
years was 7 times that expected. More
follow-up is planned.?® A study of golf
course superintendents, who often apply
herbicides, found that the death rate from
non-Hodgkin’s lymphoma were approxi-
mately double the expected rate.’

« Studies of smaller populations have
also found an association between 2,4-D
use and NHL. In a rural, agriculturally
based community in New York where
2,4-D was “widely used” the incidence
of NHL was 1.5 times higher than ex-
pected.?® In northern Italy, the incidence
of NHL was increased in areas where phe-
noxy herbicides had been detected in soil
or water and increased markedly in areas
with the highest contamination levels.?
Around Milan, Italy, people with NHL
were more likely to have been occupa-
tionally exposed to herbicides than people
without the disease, and researchers found
a significant trend with duration of ex-
posure.>®> Among Danish gardeners, the
incidence of NHL was twice the expected

rate.3* Agriculture and forestry workers
from three Swedish counties who were
exposed to phenoxy herbicides were four
times more likely to develop malignant
lymphomas than unexposed workers.*?

Nine other epidemiological studies
have either failed to find a relationship
between 2,4-D and NHL, or have found
a relationship that was weaker than those
summarized above.®

Carcinogenicity studies of laboratory
animals submitted in support of 2,4-D’s
registration have not demonstrated in-
creased risks of lymphoma.3® However, a
study conducted by the Food and Drug
Administration in 1971 found that the
incidence of lymphoma in rats exposed
to 2,4-D was 4 percent, while no lym-
phoma occurred in unexposed rats.>*

There are no publicly available labo-
ratory studies of the carcinogenicity of
commercial 2,4-D products.

The scientists who conducted the NCI
studies stated that they “believe that the
weight of evidence indicates that the use
of 2,4-D in an agricultural setting in-
creases the risk of NHL among persons

Figure 3

Dogs living

2,4-D Exposure Is Associated with an Increased Risk of Non-Hodgkin’s Lymphoma

Odd'’s or standardized mortality ratios greater than one indicate that there is a greater

risk of cancer associated with pesticide exposure.
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Hayes, H.M. et al. 1991. Case-control study of canine malignant lymphoma: positive association with dog owner’s use of 2,4-dichlorophenoxyacetic acid

Zahm, S.H. 1997. Mortality study of pesticide applicators and other employees of a lawn care service company. J. Occup. Environ. Med. 39:1055-1067.
Zahm, S.H. et al.1990. A case-control study of non-Hodgkin's lymphoma and the herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) in eastern Nebraska.

A series of studies conducted by the National Cancer Institute has found an association between 2,4-D exposure and an increased risk of the cancer non-

Hodgkin’s lymphoma
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Figure 2
2,4-D Alters Hormone Levels
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2,4-D disrupts the normal functioning of hormone systems.

handling the chemical frequently.”® Yet,
government evaluations of 2,4-D’s carci-
nogenicity are less straightforward. 2,4-
D is classified as “possibly carcinogenic
to humans” (for phenoxy herbicides as a
group) by the International Agency for
Research on Cancer® and as “not classi-
fiable as to human carcinogenicity” by
the U.S. Environmental Protection
Agency (EPA).33

2,4-D presents “a dilemma to the sci-
entific community in how to draw con-
clusions regarding carcinogenicity when
the epidemiologic and experimental data
do not agree,”® wrote NCI epidemiolo-
gist Aaron Blair. “The challenge in the fu-
ture will be to design studies in the labora-
tory that mimic the human condition.”3®

In the meantime, although conflicting
data are inevitable when studying the
complex association between disease and
pesticide exposure, eliminating 2,4-D use
will protect public health.

Recent research has shown that 2,4-D

has biological activity similar to chemi-
cals that stop the growth of human can-
cer cells and are being considered for use
as anticancer drugs.3” This research does
not contradict the research showing that
occupational exposure to 2,4-D increases
the risk of NHL. Many drugs used to
treat, or even prevent cancer, also cause
cancer. Examples include tamoxifen,
cisplatin, and melphalan.3®

Endocrine Disruption

Significant research and regulatory re-
sources have been focused recently on
chemicals that disrupt the normal func-
tions of the endocrine system, the glands
and hormones that regulate the growth
and development of animals. Although
much research remains to be done, ex-
perimental evidence suggests that 2,4-D
disrupts animal endocrine systems.

Thyroxine is a hormone produced by
the thyroid that is involved in the regula-
tion of metabolism. In rats, 2,4-D “mark-

edly increases” iodine uptake by the thy-
roid,® and decreases the ability of blood
to bind with thyroxine.*® In addition,
2,4-D changes the distribution of thy-
roxine in the body, so that more is stored
in the liver and brain.®® In sheep, a com-
mercial 2,4-D product decreases blood
concentrations of thyroxine.*!

Leydig cells are testes cells that pro-
duce testosterone, often called the male
sex hormone as well as estrogens, often
called female sex hormones. Rat Leydig
cells exposed to 2,4-D increase their pro-
duction of estradiol, an estrogen.*

Effects on the
Immune System

A study of ten Italian farmers who
used phenoxy herbicides (2,4-D and the
related herbicide MCPA) found a variety
of changes in the immune system. The
study compared blood samples taken
prior to herbicide use with samples taken
just after herbicide use. The numbers of
five kinds of T cells decreased. T cells
are white blood cells with immunologi-
cal activity. In addition, the numbers of
natural Killer cells and their activity de-
creased. Natural Killer cells are “directly
involved in cell mediated immunity to
tumors.” Finally, the response of the im-
mune system to two foreign chemicals
dropped sharply. Two months after ex-
posure, some of the changes persisted.*®

Contaminants

Dioxins are a family of compounds
that include “extremely toxic and po-
tent”** chemicals. Dioxins gained noto-
riety as contaminants of the 2,4-D-con-
taining herbicide Agent Orange used dur-
ing the Vietnam War.** The little testing
that has been done shows that current
2,4-D products are contaminated with di-
oxins,* including 2,3,7,8-TCDD,* the
most toxic dioxin.** 2,3,7,8-TCDD was
found in 2 of the 8 samples analyzed for
EPA by 2,4-D manufacturers.*® A closely
related dioxin (1,2,3,7,8-pentachloro-
dibenzo-p-dioxin) was found in 3 of the
8 samples tested.*> The Washington De-
partment of Agriculture recently surveyed
fertilizer products, including one 2,4-D-
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containing product. Their analysis showed
that it was contaminated with 2,3,7,8-
TCDD and the same pentadioxin found
by EPA as well as three related dioxins.*®

Adverse health effects associated with
2,3,7,8-TCDD and other dioxins include
wasting disease (weight loss), chloracne
(a severe skin disease), an increased risk
of diabetes, weakening of the immune
system, decreased fertility, alterations in
levels of sex hormones, increased risk of
miscarriages, decreased sperm production,
increased frequency of severe birth de-

fects, and cancer. Dioxins are persistent
and increase in concentration as they
move up the food chain.# *
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TOXICOLOGY OF “

Like most pesticide products, 2,4-D
products contain so-called inert ingre-
dients, chemicals added to the pesti-
cide to make the products more effec-
tive and easier to use.* Information
about the identity of many of these
ingredients is not publicly available.
Hazards of the ingredients whose iden-
tity is available include the following:

* Diethanolamine causes skin and
lung irritation and severe eye irrita-
tion.4” It can also cause nausea, head-
ache, and wheezing.*® It damages the
liver, kidney, and blood.*’

e Dimethylamine is highly flam-
mable. It can cause severe skin burns
as well as wheezing and shortness of
breath. 49

» Ethanolamine is corrosive. It
burns skin and can permanently dam-
age eyes. It can cause liver and kidney
damage, as well as damage to
developing fetuses.>°

« Ethylenediamine tetraacetic acid
has stunted fetal growth and caused
birth defects and fetal death in labora-
tory tests. It also causes genetic
damage.*

*A table listing “inert” ingredients that have
been publicly identified as components of
specific 2,4-D products is available on NCAP’s
web page, www.efn.org/~ncap. Some of these
ingredients are fertilizers, because the fertilizer
components of “weed and feed” products are
classified as inert ingredients.

INERTS” IN 2,4-D PRODUCTS

« Ethylene glycol can cause birth de-
fects,>? reduce fertility, and damage nerves
and the kidney. Symptoms of exposure
include nausea and headaches.>

 Ethylene glycol monobutyl ether
(butoxyethanol) causes severe eye irrita-
tion and damages blood, nerves, and the
kidney. It also reduces fertility.>*

e 2-Ethyl-1-hexanol causes birth de-
fects®® and severe eye irritation. It also
damages the liver and kidney.>®

e F.D.&C. Blue No.1 may cause irri-
tation and is a possible carcinogen.®’

* Glutaraldehyde is extremely destruc-
tive to eyes, skin, and the respiratory tract.
It causes wheezing, headache, and nau-
sea. In laboratory tests it has caused ge-
netic damage and fetal toxicity.>®

* 3-lodo-2-propynyl butylcarbamate
is severely irritating to eyes, damaging to
the thyroid, and causes skeletal abnor-
malities in developing fetuses.>

 Kerosene burns skin and eyes; irri-
tates the nose, throat, and lungs; and may
damage the kidney.°

» Methyl alcohol has caused fetal tox-
icity, birth defects, and genetic damage
in laboratory tests. It may cause kidney
damage, dizziness, nausea, vomiting, and
blindness.*

» Methyl pyrrolidinone causes eye ir-
ritation.®? In laboratory tests, it has caused
fetal death and reduced fetal weight.3

 Naphthalene can cause anemia, liver

damage, cataracts, and skin allergies.
In laboratory tests it has caused birth
defects and genetic damage.5

e Poly (dimethylsiloxane) may
cause skin and eye irritation and has
caused tumors in laboratory tests.®°

« Silica (crystalline) has been clas-
sified as “carcinogenic to humans” by
the International Agency for Research
on Cancer. It has also caused genetic
damage in some laboratory tests.®

« Silica (amorphous) causes eye ir-
ritation and has caused lung damage,
diarrhea, and tumors in laboratory
tests.®

« Sodium ligninsulfonate may cause
eye, skin, and respiratory tract irrita-
tion. It has caused drowsiness and
weakness in laboratory tests.%®

* Tetrakis(trimethylsilyoxy)silane is
irritating to the eyes, skin, and respi-
ratory system.®

* Triisopropanolamine causes Se-
vere eye irritation and may cause skin
irritation or nausea. Inhalation can be
fatal.”®

*1,2,4-Trimethylbenzene damages
the central nervous system and is irri-
tating to eyes, skin, and the upper res-
piratory tract.”

* Xylenes cause eye and skin irrita-
tion, headaches, nausea, and confusion.
In laboratory tests they have caused
kidney damage and fetal death.”
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e HERBICIDE FACTSHEET

2,4-D: ECOLOGICAL EFFECTS

2,4-D is a widely used herbicide in the phenoxy family with a startling number of adverse effects on species
other than the weeds it is designed to kill.

2,4-D reduces successful hatching of bird eggs, and destroys birds’ food and nesting habitat. It is acutely toxic
to earthworms and harms beneficial insects. Both 2,4-D (particularly the butoxyethanol ester) and a 2,4-D
breakdown product (2,4-dichlorophenol) are acutely toxic to fish.

Increased risk of lymphoma in dogs has been associated with 2,4-D exposure. A National Cancer Institute
study found that owners of dogs with lymphoma had treated their lawns with 2,4-D (or hired lawn care
companies) more frequently than owners of dogs without the disease.

2,4-D causes genetic damage in barley, wheat, rice, and onions.

2,4-D treatment can increase insect damage by increasing pest insects’ ability to reproduce. 2,4-D can also
increase the severity of plant diseases, including tomato early blight, tobacco mosaic virus, and corn leaf

blight.

Rhizobium is a nitrogen-fixing bacteria found on the roots of legumes. 2,4-D reduces its growth and nitrogen-
fixing ability, as well as the growth and nitrogen-fixing ability of several species of blue-green algae.

By CAROLINE Cox

-I-he widely used herbicide 2,4-D
(see Figure 1) has a startling variety of
impacts on species other than the weeds
it is designed to Kill. This article summa-
rizes these hazards of 2,4-D for animals
and nontarget plants. The toxicology of
2,4-D is summarized in JPR 19(1):14-19
and 19(2)14-19.

Effects on Birds

Since 2,4-D is an herbicide, its ability
to harm birds is surprising. However,
both laboratory and field experiments
have documented negative impacts.

Hatching of eggs: While some studies
conclude that “after normal, or even af-
ter excessive, 2,4-D use, there would be
no effect on birds’ eggs,”* other studies
have shown serious effects.

Directly injecting 2,4-D acid into
chicken eggs causes blood cells to stop
dividing.? Injection of the dimethylamine

Caroline Cox is JPR’s editor.

Figure 1 ©
2,4-D 0O-CH,-C-OH
_cl

Cl
2,4-dichlorophenoxyacetic acid

salt of 2,4-D lowers hatching success as
well as the survival of chicks.®

More realistic types of exposures also
damage eggs. Brushing 2,4-D on chicken
eggs reduced successful hatching by two-
thirds.* Spraying 2,4-D on partridge and
pheasant eggs resulted in chicks with ab-
normal genitals: male organs were femi-
nized and females were sterile.

Survival of young: Young birds can
also be damaged by 2,4-D. Feeding the
dimethylamine salt of 2,4-D to mallard
ducks reduced their ducklings’ survival
by 15 percent.® Adding 10 parts per mil-
lion (ppm) of 2,4-D acid directly to the
diet of chicks reduced their growth.”

Habitat and food: 2,4-D use also im-
pacts birds indirectly, by disturbing their

habitat and food supply. In southwest
Kansas, a 2,4-D sagebrush control pro-
gram decreased the number of birds and
bird species. Bobwhites completely dis-
appeared from treated areas.® On islands
in a Canadian lake, 2,4-D treatment ex-
panded grassy areas, causing birds to nest
in unsprayed areas and reducing the num-
bers of nesting ducks.® 2,4-D concentra-
tions of 0.1 ppm in ponds can eliminate
water milfoil and sago pondweed, impor-
tant water fowl food plants.*

Effects on Fish

2,4-D’s acute toxicity to fish, as sum-
marized by the World Health Organiza-
tion, “varies widely” depending on spe-
cies, age, and the form of 2,4-D tested.!
In general, the butoxyethanol ester is
highly toxic to fish, salmon are particu-
larly sensitive, and juveniles are more sen-
sitive than adults. For examples of acute
LC.s of 1 ppm or less see Figure 2. (An
LC.,, median lethal concentration, is the
concentration that kills 50 percent of a
population of test animals.).

Effects other than death: Sublethal ef-
fects of 2,4-D on fish also occur at low
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Figure 2
Acute Toxicity of 2,4-D to Fish
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New York: Van Nostrand Reinhold. p. 715.

aspects. Geneva, Switzerland.

Median lethal concentration of 2,4-D (LCgp) in parts per million
Note: The top bar is 2,4-D acid; all the rest are the butoxyethanol ester of 2,4-D

Sources: Finlayson, B.J. and K.M. Verrue. 1985. Toxicities of butoxyethanol ester and
propylene glycol butyl ester formulations of 2,4-dichlorophenoxyacetic acid (2,4-D) to juvenile
salmonids. Arch. Environ. Contam. Toxicol. 14:153-160.

U.S. EPA. Office of Pesticides and Toxic Substances. Office of Pesticide Programs. 1989.
Pesticide factsheet: 2,4-dichlorophenoxyacetic acid. Washington D.C., Sept.

Verschueren, K. 1996. Handbook of environmental data on organic chemicals. Third edition.

Wan, M.T., R.G. Watts, and D.J. Moul. 1990. Acute toxicity to juvenile Pacific salmonids and
rainbow trout of butoxyethyl esters of 2,4-D, 2,4-DP and their formulated product: Weedone CB
and its carrier. Bull. Environ. Contam. Toxicol. 45:604-611.

World Health Organization. 1989. 2.4-dichlorophenoxyacetic acid (2,4-D) - Environmental
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Concentrations of 2,4-D less than 1 part per million can be lethal to fish.

concentrations. Growth of juvenile
chinook salmon was reduced by 0.6 ppm
of the butoxyethanol ester'!; physiologi-
cal stress responses in sockeye salmon
occurred at 0.3 ppm?2; and the ability of
rainbow trout to capture food was re-
duced by 5 ppm of 2,4-D amine.'®
Bioconcentration: 2,4-D bio-
concentrates in fish tissues, meaning that
the concentration of 2,4-D in fish is
higher than the concentration in the wa-
ter in which they live. For carp and tila-
pia, bioconcentration factors (the ratio
between the 2,4-D concentration in the
fish and the 2,4-D concentration in the
water in which it lives) measured in labo-
ratory tests vary between 6 and 45 for

carp, and 13 and 23 for tilapia.**

Toxicity of Metabolites: 2,4-
dichlorophenol, a common breakdown
product of 2,4-D in soil,*® can be acutely
toxic to fish. For example, the LC., for
bluegill sunfish is 2 ppm.®

Synergy: 2,4-D is synergistic with
other pesticides in its toxicity towards fish.
This means that the combination of two
pesticides is more toxic than the sum of
the pesticides’ individual toxicities. For
example, the combination of 2,4-D and
the herbicide picloram damages gill cells
in catfish, although neither pesticide alone
causes similar damage.!” The insecticide
carbaryl increased rainbow trout mortal-
ity caused by the butyl ester of 2,4-D*8

by increasing the uptake of 2,4-D.2°

Effects on Amphibians

2,4-D concentrations of 50 ppm
caused liver and kidney damage, followed
by death, in male newts. Females were
less susceptible, but similar effects oc-
curred at higher concentrations.?® At
lower concentrations, 2,4-D has also dis-
rupted the activity of nerves in frogs’ skin.?*

Effects on Crabs

The acute toxicity of 2,4-D to crabs
shows many of the same patterns as that
of fish. The butoxyethanol ester is most
toxic and juveniles are most susceptible.
The LC, of the butoxyethanol ester for
the crab Chasmagnathus granulata is 0.30
ppm.?? 2,4-D acid reduced survival of
larval Dungeness crabs at 10 ppm, and
concentrations of 1 ppm increased the
length of its four larval stages.?

The butoxyethanol ester of 2,4-D also
causes reproductive effects in adult crabs;
it inhibited maturation of eggs and de-
creased the size of the eggs.?*

Effects on Shellfish

2,4-D exposure has been associated
with cancer in shellfish. U.S. Environ-
mental Protection Agency (EPA) scien-
tists studying clams in Maine noticed that
sex organ tumors were unusually com-
mon at three sites; up to 35 percent of
the clams had tumors. Concerned that
the tumors were caused by pollutants,
they identified possible exposures. Tu-
mor-bearing clams lived close to commer-
cial blueberry and forestry operations or
railroad and highway rights-of-way. “Her-
bicide [including 2,4-D] contamination,
the scientists wrote, “is the only common
denominator identified at all three sites. ..

2,4-D also appears to mimic the sex
hormone estrogen in shellfish. Low con-
centrations of 2,4-D have effects similar
to estrogen on mussels’ metabolic rate,
the rate at which cells break down en-
ergy-rich molecules. Both estrogen and
2,4-D increased the metabolic rate.?

Other Aquatic Animals
2,4-D is acutely toxic to a variety of
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other aquatic animals. The dimethylamine
salt is highly toxic to the grass shrimp
(LCy 0.2 ppm); the isooctyl ester is
highly toxic to the water flea (LC;; 0.5
ppm); and the butoxyethanol ester is
highly toxic to the side swimmer (LC
0.4 ppm), the midge (LC,, 0.8 ppm)s’?
and the scud (LC,, 0.4 ppm).2®

Effects on Earthworms

2,4-D was “very toxic™?® in studies of
acute contact toxicity to the earthworm
Eisenia foetida.?® 2,4-D’s breakdown
product 2,4-dichlorophenol was about 15
times more toxic than 2,4-D itself.?®

Effects on Insects

Although herbicides are not expected
to significantly harm insects, 2,4-D af-
fects them in many ways. Recent labora-
tory studies of fruit fly larvae have shown
that 2,4-D increased the number of mu-
tations (genetic damage): sex-linked le-
thal mutations,®®3! wing color and eye
color.3132 These studies used 2,4-D
acid®-%2 and a commercial product con-
taining an amine salt of 2.4-D.%°

When fed to honey bees, the
dimethylamine salt of 2,4-D reduces the
production of brood (young bees). The
lowest concentration tested (100 ppm)
reduced brood 98 percent.* Mortality of
bees (22 percent) occurred following aerial
application of a sodium 2,4-D salt.3

Screening tests found that the 2,4-D
herbicide Luxan 2,4-D amine Killed over
50 percent of a beneficial species of preda-
tory beetle, Aleochara bilineata.®® 2,4-D
also caused 50 to 80 percent mortality in
a study of two other beetles.® Exposure
to 2,4-D amine has increased the num-
ber of ladybug beetles, also predators, that
died as larvae. Oat fields treated with this
2,4-D amine had more aphids than ex-
pected because ladybug numbers were re-
duced.®” Another beneficial species, a
parasitoid wasp that develops inside (and
kills) moths, is negatively impacted by
2,4-D; exposed wasps laid eggs that were
low in glycogen (a molecule that provides
energy for the eggs). 2,4-D also reduced
successful egg hatch.3? (See Figure 3.)

2,4-D can have indirect effects on in-

Figure 3
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2,4-D decreases the hatching rate of eggs of Pimpla turionella, whose larvae feed on pest moths.

sects by disrupting the habitat that pro-
vides their food and shelter. A study of
hedgerows surrounding agricultural fields
found that 2,4-D treatments altered the
community of carabid beetles living there.
Spider communities were also impacted.*°

Effects on Small Mammals

2,4-D treatment impacts small mam-
mals who depend on vegetation for food.
For example, treatment of rangeland in
Colorado resulted in almost a 90 percent
reduction in pocket gophers. “Drastic
changes™! in their diet from dandelions
and yarrow to grasses were a likely cause.*!

A study of meadow voles comparing a
treated and an untreated area found that
in the sprayed area there were fewer voles,
a lower survival of female voles, and that
the animals were protein deficient.*?

Effects on Wildlife

Wildlife can be affected by 2,4-D treat-
ments when plants they use as forage are
damaged. In British Columbia, plants
classified as “high importance” for moose,

elk, bighorn sheep, mountain goat, deer,
and caribou were “severely” damaged by
2,4-D amines and esters.*

Effects on Livestock

2,4-D has caused congested lungs and
death in horse toxicity testing.** 2,4-D
spraying has also injured horses. For ex-
ample, a county weed control program in
Utah sprayed 2,4-D (and other herbi-
cides) on thistles in a corral and nearby
creek; 3 horses died and 16 were injured.*

2,4-D can also injure livestock by dam-
aging their food. For example, Sudan grass
sprayed with 2,4-D had a concentration
of hydrocyanic acid (HCN; a compound
that is toxic to livestock) 66 percent
greater than unsprayed Sudan grass.*®
Cattle seek out recently sprayed ragwort,
a toxic weed, because 2,4-D increases the
amount of sugar in the plant.*’ Labora-
tory 2,4-D treatments increase toxic ni-
trate levels in sugar beets, mustard,*® and
several weeds*®; poisonings have occurred,
some fatal, when cattle ate sugar beets
that had been sprayed with 2,4-D 4850
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2,4-D also has complex effects on
muscle cells in fetal calves. At concentra-
tions of 2 and 20 ppm, it stimulates
muscle cells to divide, even when they
are fully developed and normally do not
divide. Researchers noted that this ab-
normal division is “usually associated only
with pathological conditions including
neoplastic [tumorous] growth.”®! In ad-
dition, 2,4-D disrupted cell division, caus-
ing an increase in the number of cells
with multiple chromosome sets.>!

Effects on Pets

In dogs, large doses of 2,4-D (100 mg/
kg of body weight) cause anorexia, leg
spasms, inability to stand, and death.>?

More realistic 2,4-D exposure has been
linked to an increased risk of cancer. A
study by the National Cancer Institute
found that dogs with lymphoma were
more likely than healthy dogs to have
owners who treated their lawns with 2,4-
D (or contracted with lawn care compa-
nies). The increased risk of lymphoma
doubled for lawns that were treated four
times per year.>3 (See Figure 4.)

Genetic Damage to Crops
2,4-D has caused genetic damage in

greenhouse and field studies with barley,
wheat, rice, and onions. The studies with
grains are striking because these are crops
on which 2,4-D is often used.>*

Rice seeds treated with 2,4-D acid, and
then grown in field plots, produced plants
with more chlorophyll mutations, more
pollen mutations, and more sterile pollen
than plants grown from untreated seed.
2,4-D caused roughly tenfold increases
in each kind of genetic damage.®®

Treatment of wheat seedlings with 2,4-
D ester at a rate of 12 ounces per acre
increased the number of abnormal pollen
cell chromosomes in mature plants.®®

Barley plants treated with 2,4-D un-
der similar conditions also developed ab-
normal chromosomes in pollen cells.%® In
addition, barley seeds treated with 2,4-D
and then grown in field plots produced
more plants with sterile pollen than plants
grown from untreated seed. In the next
generation, the number of chlorophyll
mutations increased.>’-%

Onions grown in soil treated with a
commercial 2,4-D herbicide had more
chromosome abnormalities than onions
grown in untreated soil.>® Another study
compared water from an organic farm
with water from a farm where 2,4-D (and

Figure 4
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three other herbicides) was used. Chro-
mosome abnormalities were more com-
mon in onions grown with water from
the farm using 2,4-D.%°

Insect Damage to Crops

Laboratory, greenhouse, and field stud-
ies have shown that 2,4-D treatment can
increase the amount of insect damage on
crop plants. In the lab, corn borers reared
on plants treated with the triethanola-
mine salt of 2,4-D were heavier and laid
more eggs than borers reared on untreated
plants.®! In the greenhouse, larvae of the
rice stem borer grew larger on 2,4-D
treated rice plants than on untreated
ones®? and pea aphids reproduced faster
on treated beans than on untreated
beans.5® In field studies, corn leaf aphids
were twice as numerous on treated corn
plants as on untreated ones and corn
borer were also more abundant.5* The
likely cause of the increases in insect
populations was the increase in protein
levels in the plants caused by 2,4-D, caus-
ing them to be better insect hosts.®1-63

Effects on Plant Diseases

A series of greenhouse studies have
shown that 2,4-D treatment can increase
the severity of plant diseases. The num-
ber of early blight lesions on tomatoes,%*
the size of tobacco mosaic virus (TMV)
lesions on tobacco,® the growth of leaf
spot on bluegrass,® the number of south-
ern corn leaf blight lesions on corn,®* and
the number of TMV lesions on cucum-
bers®” were all greater on plants treated
with 2,4-D than on untreated plants.

A similar relationship between 2,4-D
treatment and disease has been found in
forest plantations treated with 2,4-D to
kill hardwoods. In red pine forests in
Wisconsin®® and spruce forests in
Ontario® the incidence of the root rot
Armillaria increased in 2,4-D treated
plantations.

Effects on Nitrogen Fixation

Plants need nitrogen in order to grow
and reproduce, but they are not able to
use nitrogen gas which makes up the bulk
of the atmosphere. Instead, plants use
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nitrogen that has been transformed into
nitrates or other related molecules by al-
gae and bacteria.’”® 2,4-D adversely im-
pacts the nitrogen-fixing bacteria Rhizo-
bium as well as several blue-green algae.

Rhizobium bacteria: These bacteria
form nitrogen-fixing nodules on legume
roots. 2,4-D treatment reduced nitrogen
fixation by Rhizobium in bean plants’,
caused Rhizobium cells to burst’? and re-
duced their growth,” (see Figure 5) and
reduced the number of nodules on clover
roots.’*"> Effects have been measured at
concentrations of 1 ppm.’

Blue-green algae: 2,4-D decreased the
growth of two species of algae that fix
nitrogen in rice fields’® and decreased ni-
trogen-fixing activity of a third species.’’

Other parts of the nitrogen cycle are
also impacted by 2,4-D. The rate at which
ammonia is converted to nitrates in sev-
eral lowa soils was reduced by 2,4-D."8
Also, the activity of an enzyme that con-
verts organic nitrogen to ammonia was
reduced by 2,4-D treatment.”

Other Effects on Plant Health

2,4-D affects some species of mycor-
rhizal fungi, fungi that grow in or near
plant roots and increase the plants’ abil-
ity to take up water and nutrients.2 A
study of three species that grow with for-
est trees in Canada found that growth of
all three species was inhibited by a com-
mercial 2,4-D product. 2,4-D concentra-
tions of 1 ppm inhibited the growth of
one of the species.!

2,4-D also can increase the suscepti-
bility of plants to nematode attack. In
oats, 2,4-D treatment increased the num-
bers of nematodes in the plants and also
increased the susceptibility of a nematode-
resistant variety.%

The bacteria species Azospirillum
brasilense lives in association with corn
roots, increasing the growth and yield of
the corn plants. 2,4-D treatment (Simu-
lating field application rates) of corn roots
decreased the ability of the bacteria to
attach to the roots.®

Endangered Species
As a potent herbicide, 2,4-D’s impacts

Figure 5
2,4-D Reduces Growth of
Nitrogen-Fixing Bacteria
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Arias, R.N. and A. Fabra de Peretti. 1993.
Effects of 2,4-dichlorophenoxyacetic acid
on Rhizobium sp. growth and
characterization of its transport. Toxicol.
Lett. 68:267-273.

on endangered plant species should not
be surprising. EPA believes that “certain
uses of 2,4-D may jeopardize the contin-
ued existence of endangered species....”
According to the agency, 2,4-D use jeop-
ardizes 13 endangered species of plants.

Effects on Plant Communities

Although experiments to test the im-
pacts of a pesticide on an entire plant
community are rare, one such experiment
has been conducted with 2,4-D. This ex-
periment looked at a natural community
of winter annuals in Oregon and found
that treatment with the isooctyl ester of
2,4-D reduced the total weight of plants
in the community. No species was com-
pletely eliminated, but 2,4-D treatment
simplified the plant community.8®
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e HERBICIDE FACTSHEET

2,4-D: EXPOSURE

Exposure to the commonly used herbicide 2,4-D is frequent and widespread. Exposure can occur via

contaminated air, water, soil, food, and through 2,4-D tracked inside homes.

About 60 percent of air samples collected during national, regional, and local studies are contaminated with
2,4-D. In some cases 2,4-D has moved in air up to 50 miles from the application site.

In a national survey of river basins, the U.S. Geological Survey found 2,4-D in 19 of the 20 basins sampled.

Overall, between 10 and 13 percent of the samples collected were contaminated with 2,4-D. It is also found in
wells, although not as frequently, and in rain. 2,4-D has been found in water following agricultural, urban, golf
course, roadside, and noxious weed treatments.

Persistence of 2,4-D in soils is variable with half-lives (the time required for half of an application of 2,4-D to
break down or move away) as short as 2 days and as long as 297 days. One study found 2,4-D in water leaching
from an agricultural soil 5 years after 2,4-D treatment.

After a home lawn is treated with 2,4-D, the person who made the application as well as children and pets who
live in the home track 2,4-D indoors. Particularly for infants, these exposures are of concern.

People who work with 2,4-D are more highly exposed than the general population. A study of farmers showed
that their children’s exposures also increase after the farmers make a 2,4-D application.

By CAROLINE Cox

According to its manufacturers,
2,4-D (see Figure 1) is “the most widely
used herbicide in the world.”* This ar-
ticle, the fourth in a series about 2,4-D,
summarizes research about exposure to
2,4-D. Earlier articles discussed its toxi-
cology (JPR 19(1):14-19 and 19(2):14-
19) and its ecological effects (JPR
19(3):14-19).

Overview of Exposure

Exposure of people to 2,4-D is wide-
spread; a national survey of pesticides in
urine samples collected from 1000 adults
representing “both sexes and different age
groups, races/ethnicities, urban/rural resi-
dences, and regions of the country”?
found that 12 percent of the samples con-
tained 2,4-D.?

People and other living things are ex-
posed to 2,4-D in many ways: by breath-
ing contaminated air, drinking and bath-

Caroline Cox is JPR’s editor.

Figure 1 ©
2,4-D 0O-CH,-C-OH
_cl

Cl
2,4-dichlorophenoxyacetic acid

ing in contaminated water, contacting
contaminated soil, eating contaminated
food, ingesting contaminated dust, and
while working with 2,4-D. While each
kind of exposure may involve small
amounts of 2,4-D, their cumulative ef-
fect is a serious concern. This factsheet
summarizes important studies about each
of these routes of exposure.

Air Contamination

One type of exposure to 2,4-D occurs
via contaminated air. 2,4-D can move
through the air away from the site where
it has been applied in three ways: drift
occurs when spray droplets move in air
currents; volatilization occurs when the
pesticide is evaporated from its liquid

form to a gaseous form and the resulting
vapors move in air currents; and a third
type of air contamination occurs when
blown soil particles carry pesticides. Since
these processes can occur simultaneously
and are hard to separate, this section dis-
cusses them together.

Any form of 2,4-D can drift or move
as airborne soil particles; volatilization is
particularly important with certain 2,4-
D esters.*

National, regional, and local studies
of air contamination show that 2,4-D is
commonly found in air. When the U.S.
Geological Survey combined data from
all available studies, they found that about
60 percent of the air samples tested were
contaminated with 2,4-D.

Movement of 2,4-D in air is impor-
tant because, as expected for a potent her-
bicide, 2,4-D is phytotoxic in small
amounts. This means when 2,4-D moves
in air, it has the potential to severely dam-
age nontarget vegetation.

Many experimental studies, dating
back to 2,4-D’s first use in the 1940s,
demonstrate nontarget plants’ “extreme
sensitivity”® to this herbicide. Some of
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Figure 2

. 2,4-D detected

2,4-D not found
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Contamination of River Basins with 2,4-D

)

Sources: U.S. Geological Survey. National Water-Quality Assessment (NAWQA) Program.
1998. Circulars 1144,1150, 1151, 1155-1171. http://water.usgs.gov/pubs/nawgasum/.

The U.S. Geological Survey found 2,4-D in 19 of the 20 river basins the agency sampled across

the United States.

these studies are remarkable because of
the tiny amounts of 2,4-D that cause
damage. For example, as early as the
1960s researchers showed that 2,4-D con-
centrations of a few parts per billion dam-
aged grapes, geraniums, tomatoes, roses,
and a variety of other cultivated plants.’
Vapors of the butyl ester of 2,4-D in
concentrations approximately 10,000
times less than typical field applications
damaged tomato and lettuce plants.®
Similar concentrations of 2,4-D acid® and
its isooctyl ester’® also damaged toma-
toes and lettuce. One percent of typical
agricultural rates damaged cherry, alfalfa,
and rose plants.* Exposure to 1/900 of a
typical application rate of 2,4-D dam-
aged wine grape plants, and symptoms
persisted for 120 days.'?

Drift of 2,4-D can have complex, un-
expected results. Simulated drift on
sugarbeets, for example, not only de-
creases sugarbeet yield and sugar content,
but also causes the sugarbeets to lose more
sugar during storage than the amount lost
by unexposed plants.t

Widespread plant damage caused by
2,4-D drift has been reported from
around the world. In St. Louis, drifting
emissions from a 2,4-D manufacturing
plant damaged trees up to five miles
away.'* In Natal, South Africa, vegetable
crops were damaged by drifting 2,4-D
from applications made to sugarcane fields
between 10 and 50 kilometers distant.>16
In Western Australia, an experimental ap-
plication of a volatile ester of 2,4-D
drifted 10 kilometers from a sprayed
wheat field and a 50 kilometer buffer was
required to protect a tomato-growing
area.r’ In central Washington, 2,4-D ap-
plied to wheat fields drifted 10 to 50 miles
and damaged vineyards.®® In Colorado,
hot temperatures (above 95°F) during
spraying of wheat fields resulted in 2,4-
D volatilizing and damaging 30,000 acres
of beans. High-, low-, and nonvolatile
2,4-D products travelled up to 10 miles.t®

A common question is “How far does
2,4-D typically drift?” NCAP’s literature
review found few experimental measure-
ments of 2,4-D drift using current appli-

cation equipment. One study of aerial
applications (published in 1990) mea-
sured 2,4-D drift 1800 feet from the ap-
plication.?® Another study measured drift
300 feet from an aerial application.?

Contamination of Rivers
and Streams

Another source of exposure to 2,4-D
is contaminated water. 2,4-D is frequently
found in rivers and streams. This is partly
due to 2,4-D’s wide use; it is also due to
2,4-D’s high solubility in water.??

The most comprehensive data about
water contamination by 2,4-D come from
the U.S. Geological Survey’s (USGS’s)
recent study of river basins throughout
the U.S. The USGS found 2,4-D in 19
of the 20 basins sampled. (See Figure 2.)
2,4-D was found in 12 percent of agri-
cultural stream samples; 13.5 percent of
urban stream samples; and in 9.5 percent
of the samples from rivers draining a va-
riety of land uses.?®

Contamination of rivers and streams
has also been directly associated with ag-
ricultural, forestry, urban, and golf course
applications of 2,4-D. Examples include
the following studies:

Agriculture: In an agricultural area in
Greece, 2,4-D was found in river and
stream water at every sample location
tested between May and August. Re-
searchers calculated that 17 percent of ap-
plied 2,4-D ended up in the water.??

Farm ponds in the Canadian prairies
are almost universally contaminated with
2,4-D; over 93 percent of ponds tested
in an Agriculture Canada study contained
2,4-D. Highest concentrations were mea-
sured in the spring, but unlike other pes-
ticides studied, 2,4-D residues persisted
past the end of the growing season.?*

A study of an agricultural watershed
in Manitoba, Canada, found 2,4-D in
creek water at highest concentrations dur-
ing the application season and for a
month afterwards. A second peak oc-
curred in the spring when snow melted.?

Forestry: The Washington Depart-
ment of Ecology collected 32 stream
samples downstream from a helicopter ap-
plication of 2,4-D conducted according
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to the state’s “best management practices.”
2,4-D was found in all samples collected,
in highest concentrations following a rain-
storm the day after the spraying.?®

Urban: In a study from Lousiville,
Kentucky, every sample of stormwater
runoff contained 2,4-D, occasionally (8
percent) in excess of federal standards.?’
In a Canadian study, 2,4-D was found in
all four urban streams sampled, and 70
percent of the samples contaminated with
2,4-D were collected within a few days
of nearby 2,4-D applications.?® In King
County, Washington, 2,4-D had high
retail sales relative to other pesticides and
was found in all samples taken from 10
urban streams.?® In Essex, United King-
dom, 2,4-D was found in all stormwater
samples taken in an urban area.*

Golf Courses: Oklahoma State Uni-
versity researchers studied golf course turf
that was treated with 2,4-D followed by
simulated rainfall. They found 2,4-D in
runoff water even when they left buffers
of untreated turf. Under conditions of
high runoff, concentrations of 2,4-D ex-
ceeded the U.S. Environmental Protec-
tion Agency’s (EPA’s) health advisory level
for drinking water.3! Another study found
concentrations of 2,4-D in runoff from
experimental golf course fairways that
were 10 times greater than EPA’s drink-
ing water standard. These high concen-
trations of 2.4-D were measured in the
runoff from the first simulated rainfall.3?

Contamination of
Groundwater

2,4-D contaminates wells because of
its “very high”3 mobility in soils, its
“weak binding”?? to soil particles, and its
ability to move rapidly through low-den-
sity pathways in soils.3* This means that
it is easy for 2,4-D to move after treat-
ment through soil to groundwater. When
the USGS tested well water samples for
pesticides as part of the national survey
mentioned in the previous section, half
of one percent of shallow wells in agri-
cultural areas and wells located on major
aquifers were contaminated with 2,4-D.
One percent of shallow urban wells were
also contaminated.*

Contamination of ground water has
been directly associated with roadside ap-
plications of 2,4-D, agricultural treat-
ments, applications for noxious weed con-
trol, and 2,4-D manufacturing plants.
Examples include the following studies:

Roadsides: Because runoff from a road
is typically directed to a roadside ditch,
where soil is shallow because some has
been removed to make the ditch, rainfall
easily moves from roadside ditches to
groundwater. This water can carry pesti-
cides. A laboratory study showed that up
to 22 percent (depending on soil type) of
the 2,4-D applied to a roadside leached
to the underlying groundwater.®’

Agriculture: A three-year study in
Alberta, Canada, found 2,4-D in ground-
water following a 2,4-D application. 2,4-
D persisted in the groundwater long
enough that it was found in years when
no applications were made.3’

Noxious weed control: 2,4-D spray-
ing of leafy spurge growing in sandy soils
in North Dakota contaminated shallow
groundwater. Wells 300-700 feet from
treated areas were contaminated, indicat-
ing that 2,4-D either drifted or migrated
in the groundwater at least that far.%®

Aquatic weed control: 2,4-D treat-
ment of a Michigan lake contaminated
nearby wells for up to 200 days.*

Manufacturing Near Perth, Australia,
a 2,4-D manufacturing plant contami-
nated groundwater over an area of 0.7
square kilometers (0.25 square miles).*

Contamination of Rain

2,4-D has contaminated rainfall world-
wide according to studies from
Manitoba,*? Saskatchewan,*? and
Alberta,*® Canada; Zurich, Switzerland*;
Natal, South Africal®; and the U.S.%

Persistence

Exposure to a pesticide increases if that
pesticide persists in the environment.
Available data about 2,4-D shows that its
persistence is highly variable.

Water: In still water (ponds, lakes, or
reservoirs) 2,4-D persists as much as 6
months after application.*® In streams,
one study indicates that microorganisms’

ability to breakdown 2,4-D is “very lim-
ited4" thus 2,4-D will move downstream,
but will break down only slowly.

A laboratory study of 2,4-D’s persis-
tence in groundwater found that its half
life varied between 800 and 1900 days.*®

Persistence in wastewater treatment
plants is a concern because the effluent
from these plants is typically discharged
into rivers or oceans. A Canadian study
found that 2,4-D is “refractory” to treat-
ment in wastewater plants, meaning that
most 2,4-D is not biodegraded but is re-
leased in the effluent.*® Additionally, 2,4-
D is toxic to many of the bacteria that
purify water in a wastewater plant.>°

Soil: Data collected by 2,4-D manu-
facturers as part of the reregistration pro-
cess show that the half-life of 2,4-D (the
time it takes for half of an application of
2,4-D to break down or move away) var-
ies from 2 days to 296 days. Longest half-
lives occurred for granular 2,4-D ester
products used on turf in Ohio.%* (See
Figure 3.)

Other data show that 2,4-D can per-
sist for much longer than these half-lives
indicate. For example, a Danish study of
clay agricultural soils found 2,4-D in wa-
ter leaching from these soils over 5 years
after treatments had been made.5?

2,4-D is often found in marsh or wet-
land sediments®® where it persists longer
than in soils with more oxygen.®

People who are concerned about 2,4-D
contamination often ask if it is possible
to speed up the rate at which it breaks
down. NCAP’s literature review located
no studies that specifically address this
question. However, a number of studies
suggest possible strategies. 2,4-D breaks
down more quickly in surface soil (the
top 12 inches) than in deeper soil.>* Moist
soils have quicker 2,4-D breakdown than
dry soils.>>%¢ Nitrogen fertilizers slow
break down.>"-8 Therefore, bringing con-
taminated soil to the soil surface, keep-
ing it damp, and not fertilizing should
speed 2,4-D breakdown.

Compost: Since lawns are frequently
treated with 2,4-D, one source of expo-
sure is through compost made from grass
clippings. A Michigan study found 2,4-D
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Figure 3

and ester products were tested.
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Persistence of 2,4-D in U.S. Soils

Bars show half-lives in days. Half-lives were
measured with in bare soil, and in soil growing wheat,
corn, turf, and pasture. Both granular and liquid amine

Wilson, R.D., J. Geronimo, and J.A. Armbruster. 1997. 2,4-D dissipation in field soils after
applications of 2,4-D dimethylamine salt and 2,4-D 2-ethylhexyl ester. Environ. Toxicol. Chem.

Persistence of 2,4-D in soil varies widely, from 2 to 296 days.

in clippings after a year of composting.>°

Contamination of Food

In the early 1990s the U.S. Depart-
ment of Agriculture’s Pesticide Data Pro-
gram (PDP) found 2,4-D residues on six
fruits and vegetables: potatoes,®%-62 or-
anges,50-%2 grapefruit,®%61 apples, 5162
peaches,®1:62 peas,®? and grapes.51%2 Re-

cently, the PDP has not tested fruits and
vegetables for 2,4-D.53-65

Since 2,4-D is commonly used on pas-
tures,% 2,4-D residues in milk are pos-
sible. Monitoring studies have been con-
tradictory. In 1996 and 1997, the PDP
looked for 2,4-D in milk, but found no
detectable residues.5”:68 However, a study
from the Connecticut Agricultural Experi-

ment Station found that three-quarters
of their milk samples contained 2,4-D.%°

2,4-D residues in wheat are also to be
expected, since wheat is frequently treated
with 2,4-D.%¢ Neither the PDP nor the
Food and Drug Administration test wheat
for 2,4-D residues.®>’0 A study by Agri-
culture Canada, however, found 2,4-D
in wheat seeds above the Canadian toler-
ance level (acceptable contamination level)
following late-season 2,4-D treatments.’®

Indoor Exposure

2,4-D is frequently found indoors; a
recent study found 2,4-D in carpet dust
from 60 percent of the houses sampled.”?
This indoor 2,4-D has “significant im-
plications for human exposure.””® It does
not break down quickly because wind,
rain, soil microbes, and sunlight are not
available.”® Because children spend sig-
nificant time on the floor, indoor resi-
dues are an important exposure.

How does 2,4-D end up indoors? Dust
carried from outdoors is an important
route.”>’> A simulation study, measur-
ing 2,4-D in dust tracked from an ex-
perimental turf plot to a carpet set up
next to it, indicated that 2,4-D would be
expected in carpet dust up to one year
after a lawn application.” A subsequent
study found 2,4-D in dust from all houses
tested. Concentrations were highest in the
week following a lawncare 2,4-D appli-
cation, whether that application was done
by a family member or a commercial ap-
plicator. This study also showed that
highest 2,4-D concentrations occurred in
homes with active pets and children.’
2,4-D was also found in air samples, and
on tables and window sills. The research-
ers then estimated the exposure of a one-
year-old child. The highest estimated ex-
posures were close to EPA’s reference
dose,” the daily exposure “that is likely
to be without an appreciable risk of del-
eterious effects during a lifetime.”"®

Occupational Exposure

Many studies have shown herbicide ap-
plicators are more exposed to 2,4-D than
the general population. Two recent ar-
ticles that provide references to many such
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Figure 4
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Shealy, D.B. et al. 1996. Application of an improved method for the analysis of pesticides and
their metabolites in the urine of farmer applicators and their families. Environ. Intern. 22:661-675.

Farmers have elevated levels of 2,4-D in their bodies after applying the herbicide. Elevated

levels are also found in their children.

studies have been published by the Cen-
ters for Disease Control and Preven-
tion.>’” Rather than summarizing all of
these studies, this factsheet summarizes a
few with interesting or unexpected results.
Family exposure: Data from the on-
going federal Agricultural Health Study
showed that farmers applying 2,4-D had
urinary concentrations of 2,4-D that were
approximately 8 times higher than farm-
ers who did not use the herbicide. These
elevated levels of 2,4-D persisted for sev-
eral days after 2,4-D application. At the
same time, elevated levels of 2,4-D were
measured in the children of the farmers
who applied 2,4-D.7" (See Figure 4.)
Duration of exposure: It is often as-
sumed that when 2,4-D application ends,
occupational exposure will cease. How-
ever, a study of aerial applicators showed
that 2,4-D in their urine samples disap-
peared slowly after their spray work
ended. Further monitoring showed that
their living quarters, desks, and work ve-
hicles were contaminated with 2,4-D. 2,4-

D was found on all surfaces that were
tested, including sinks, counter tops, re-
frigerators, and truck door handles.”
Problems with measurements of oc-
cupational exposure: Occupational expo-
sure to 2,4-D is often estimated by pro-
viding workers with a cloth patch which
they wear during their work day. The
patch is then analyzed for 2,4-D. Recent
research has shown that if the 2,4-D
analysis is not done immediately, but
takes place 48 hours after exposure, up
to 80 percent of the 2,4-D on the patch
is sequestered in the fabric and will be
missed by laboratory analysis.”
Problems with protective clothing:
Protective clothing, particularly gloves, is
often recommended to reduce exposure
of people applying 2,4-D. However, sev-
eral problems with 2,4-D and chemically
resistant gloves have been documented.
Ultraviolet light (from, for example, ex-
posure to sunlight) increases the amount
of 2,4-D that penetrates two kinds of rub-
ber gloves.2 Solvents used as so-called

inert ingredients in some 2,4-D products
carry 2,4-D through other gloves.8! *
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