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Explanation

Data on the toxicity of 2,4-dichlorophenoxyacetic acid (2,4-D) were reviewed by the JMPR in 1970,
1971,1974, and 1975 (Annex I, references 14,16,22, and 24). The 1970 Meeting did not establish an
ADI, owing to the absence of long-term studies. The 197 1 Meeting established an AD1 of
O-O.3 mg/kg bw on the basis of a NOAEL of 3 1 mg/kg bw per day in a two-year dietary study in rats.
The 1974 Meeting reviewed data on the use and residues of 2,4-D and concluded that there was no need
to modify the previously established ADI. The 1975 Meeting reviewed a study of tissue distribution
in rats and a study of teratologenicity in mice and reaffirmed the established ADI. Since that meeting,
studies have become available on acute toxicity; short-term toxicity in mice, rats, and dogs; long-term
toxicity in mice, rats, and dogs; carcinogenicity in mice and rats; acute and chronic neurotoxicity;
developmental toxicity in rats and rabbits; mutagenicity; and epidemiological studies of 2,4-D. These
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changed thyroid hormone concentrations; and induced histopathological lesions in the thyroids. The
high dose was associated with decreased body-weight gain, reduced food consumption, alterations in
haematological and clinical chemical parameters, changes in various organ weights, changes in thyroid
hormone concentrations, and histopathological lesions in the eye, liver, kidneys, and thyroids. The
NOAEL was 22 mg/kg bw per day, equivalent to 15 mg/kg bw per day of 2,4-D (Szabo & Rachunek,
1991).

Groups of 10 male and 10 female Fischer 344 rats were fed diets designed to provide the EH ester
of 2,4-D (purity, 98%) at 0, 1.5, 23, 150, or 450 mg/kg bw per day (equivalent to 0, 1, 15, 100, or
300 mg/kg bw per day of the acid) for 13 weeks. The EH ester had no adverse effects at 1.5 or
23 mgkg bw per day. Treatment at 150 mg/kg bw per day decreased mean body weight, body-weight
gain, and food consumption and induced alterations in some haematological and clinical chemical
parameters. The high dose was associated with decreased body-weight gain and food consumption,
alterations in haematological and clinical chemical parameters, changes in various organ weights, and
histopathological lesions which included bilateral retinal degeneration and cataract formation in
females; lymphoid hypoplasia of the thymus in females and of the spleen in animals of each sex;
centrilobular hepatocellular hypertrophy; hypoplasia of the bone marrow; hypertrophy of thyroid
follicular cells; atrophy of the testes; vacuolization of the tubular cells of the kidney; and brush border
loss in proximal tubular cells in the kidneys of females. The NOAEL was 23 mg/kg bw per day,
equivalent to 15 mg/kg bw per day of the acid (Schultze, 1991d).

Dogs

Groups of five male and five female beagle dogs were given gelatin capsules containing 2,4-D
(purity, 96.1%) at doses of 0,0.3,1,3,  or 10 mg/kg bw per day for 13 weeks. No treatment-related effects
were observed at 0.3 or 1 mg/kg bw per day. At 3 mg/kg bw per day 2,4-D caused significant (p 50.05)
increases in blood urea nitrogen and creatinine levels and renal lesions characterized as cellular
alterations in the proximal convoluted tubules in three male dogs. Treatment-related changes at 10 mg/
kg bw per day included morbidity in two males and one female; clinical signs of toxicity (thin and
languid appearance, anorexia, emesis, and swollen testes); decreased mean body weights (-8% in males
and -14% in females) and body-weight gains (-50% in males and -83% in females); alterations in
haematological (decreased haemoglobin, haematocrit, and platelet counts) and clinical chemical
(increased blood urea nitrogen and creatinine levels) parameters in animals of each sex; decreased
absolute testicular weights; increased relative kidney weights in females; and renal lesions in animals
of each sex. The renal lesions were characterized as cellular alterations in the proximal convoluted
tubules in three of three males and one of four females. The NOAEL was 1 mg/kg bw per day (Schultze,
1990a).

Groups of four male and four female beagle dogs received 2,4-D (purity, 96.7%) in their diet to
provide doses of 0,0.5,1,3.8,  or 7.5 mg/kg bw per day for 13 weeks. No treatment-related effects were
observed at 0.5 or 1 mg/kg bw per day. No mortality, clinical signs of toxicity, ophthalmological
changes, alterations in haematological or urinary parameters, gross pathological changes, or changes
in organ weights were seen at 3.8 or 7.5 mg/kg bw per day. Body-weight gains were decreased in males
(-50%) and females (-47%) at 3.8 mg/kg bw per day and in males (-39%) and females (-42%) at
7.5 mg/kg bw per day. Food consumption was decreased (by about 15%) in animals of each sex at 3.8
and 7.5 mg/kg bw per day. Clinical chemical analyses showed significant (p 50.05) increases in blood
urea nitrogen, creatinine, and alanine transaminase levels at four- and 13-week  intervals in animals at
3.8 and 7.5 mg/kg bw per day. The toxicological significance of these increases is unknown as there
were no alterations in organ weights or corroborative histopathological renal lesions. Except for a
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moderate, chronic, active perivascular inflammation of the liver in one male and one female at 7.5 mg/
kg bw per day, no treatment-related histopathological lesions were seen. There was no correlation
between the severity of liver lesions and the increased alanine transaminase activity. The NOAEL was
1 mg/kg bw per day on the basis of the effects on body weight (Dalgard, 1993a;  Charles et al., 1996).

Groups of four male and four female beagle dogs were fed diets containing the DMA salt of
2,4-D (purity, 55.45%) at doses equivalent too, 1,3.8, or 7.5 mg/kg bw of the acid per day for 13 weeks.
The DMA salt had effects similar to those of the acid. No treatment-related effects were observed on
survival, clinical signs of toxicity, ophthalmological, haematological, or urinary parameters, gross
pathological appearance, organ weights, or histopathological appearance in animals of either sex. At
3.8 mg/kg bw per day, there was a nonsignificant decrease in body-weight gain (-40%) in females and
statistically significant (p 20.05)  increases in blood urea nitrogen, alanine transaminase, and creatinine
levels in animals of each sex at four- and 13-week intervals. The toxicological significance of these
increases is unclear as no corroborative changes in organ weights or histopathology were seen at this
dose. The treatment-related changes seen at 7.5 mg/kg bw per day included decreased body-weight
gains in males (-31%) and females (-67%; p < 0.05); reduced food consumption (by about 15%);
significant (p ,< 0.05) increases in blood urea nitrogen, creatinine, and alanine transaminase levels at
four- and 13-week intervals in animals of each sex; and decreases in absolute (-42%) and relative (-
38%) testicular weights. The toxicological significance of these increases is unknown as no alterations
in organ weights or corroborative histopathological lesions were seen in the kidneys or testes. A
minimal increase in the average severity of perivascular, chronic, active inflammation in the liver was
seen in two males and one female; however, there was no correlation between the severity of liver
lesions and the increase in alanine transaminase activity. The NOAEL was 1 mg/kg bw per day on the
basis of the decreases in body-weight gain (Dalgard, 1993b; Charles et al., 1996).

Groups of four male and four female beagle dogs received diets containing the EH ester of 2,4-D
(purity, 62.7%) at doses equivalent to 0, 1,3.8, or 7.5 mg/kg bw of the acid per day for 13 weeks. The
effects were similar to those seen with the acid and the DMA salt. No treatment-related effects were
observed at 1 mg/kg bw per day, and no mortality, clinical signs of toxicity, ophthalmological changes,
alterations in haematological or urinary parameters, gross pathological changes, altered organ weights,
or histopathological alterations were seen at 3.8 or 7.5 mg/kg bw per day. Body-weight gains were
decreased in males (-48%) and females (-62%) at 3.8 mg/kg bw per day and in males (-85%) and
females (-50%) at 7.5 mg/kg bw per day. Food consumption was decreased (by about 15%) in animals
of each sex at 3.8 and 7.5 mg/kg bw per day. Significant @ 5 0.05) increases in blood urea nitrogen,
creatinine, and alanine transaminase levels were seen at four- and 13-week intervals in animals of each
sex at 3.8 and 7.5 mg/kg bw per day. The toxicological significance of these increases is unknown as
no alterations in organ weights or corroborative lesions were seen in the kidneys. Liver lesions,
characterized as perivascular, chronic, active inflammation, were seen in two male dogs; no liver
lesions were seen in females. There was no correlation between the severity of the liver lesions and the
increased alanine transaminase activity. The NOAEL was 1 mgkg bw per day on the basis of the effects
on body weight (Dalgard, 1993~; Charles et al., 1996).

.

(c) Long-term toxicity and carcinogenicity

Mice

Groups of 50 male and 50 female B6C3Fl mice were fed diets designed to provide 2,4-D (purity,
97.5%) at 0, 1,15,  or 45 mg/kg bw per day for two years. Ten mice of each sex at each dose were killed
at 12 months. Survival, body weight, food consumption, and clinical signs were noted; haematoiogical
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Treatment had no adverse effect on survival, clinical signs, body weight, organ weights, or haematological
parameters. Slight hepatitis was seen in one rat each at 5 and 25 ppm and three rats each at 625 and 1250
ppm, with none in the controls. The authors reported that 15,  14,  18,20,23,  and 22 rats were still alive
after two years, but the numbers were not given by sex. The total numbers of males with malignant
tumours were 1,2,4,2,  5, and 6, and the numbers of females were 5,6, 3, 5, 3, and 8, respectively, at
0,5,25,  125,625, and 1250 ppm. The NOAEL was 625 ppm, equal to 3 1 mg/kg bw per day (Hansen
et al., 197 1). Two working groups convened by the IARC considered this study to be inadequate for
assessing carcinogenicity (IARC,  1977, 1982).

Grounc nf 50 male. and 50 female Fischer 344 rats were fed diets containing technical-grade 2,4-n=_ __ __ ___-__ -_--  -_
(purity, 97.5%) at doses of 0, 1,5, 15, or 45 mg/kg bw per day for two years. Haematological, clinical
chemical, and urinary parameters were evaluated before treatment and after 2, 52, and 78 weeks of
treatment. Necropsies were conducted on 10 rats of each sex at each dose after 52 weeks and on all
surviving animals after two years. No treatment-related effects were seen on survival, clinical signs,
or gross pathological appearance. Body weight gain was significantly (p 5 0.05) decreased in females
at 45 mg/kg bw per day at 12 months (-7%) and at 24 months (-9%); no adverse effects were seen in
females at the lower doses or in males at any dose. Food consumption was decreased (-2.4%) in females
at 45 mgkg bw per day. No treatment-related effects were seen on haematological parameters. Clinical
chemistry revealed a significant (p < 0.05) increase in alanine transaminase activity in males (50%) and
females (43%) and a decrease in thyroxine level in females (-18%) at 45 mg/kg bw per day at
termination. No treatment-related effects were seen on urinary parameters. Males at 45 mg/kg bw per
day had significant (p < 0.05) increases in the absolute (9%) and relative (13%) weights of the kidneys
after 52 weeks, while females at this dose had significant increases in absolute (10%) and relative (16%)
kidney weights after 104 weeks. Thyroid weights were significantly increased at termination in males
(absolute, 22%; relative, 26%) and females (absolute, 24%; relative, 26%) at 15 mg/kg bw per day and
in males (absolute, 26%; relative, 29%) at 45 mg/kg bw per day; females at 45 mg/kg bw per day also
showed increases in absolute (2%) and relative (16%) thyroid weights, but the increases were not
statistically significant. Histopathological examination revealed renal lesions in males and females at
5, 15, and 45 mg/kg bw per day, including an increased frequency of a brown tubular epithelial-cell
pigment, pelvic microcalculi, and transitional epithelial-cell hyperplasia secondary to microcalculi.
Brown tubular-cell pigment was seen in 2150 (4%), l/50 (2%), 9150 (18%) 18/50  (36%),  and 19/59
(38%) males and 8/50 (16%),  lo/50 (20%),  23150  (46%), 20/50  (40%),  and 15/50  (30%) females at 0,
1,5,15,  and 45 mg/kg bw per day, respectively. The increases reached statistical significance @-<  0.05)
at doses 2 5 mg/kg bw per day. Increased incidences of pelvic microcalculi were seen in 2/50 (4%),  21
50(4%),4/50(8%),8/50(16%),  and 11/50(22%)malesandin  19/50(38%),  1 l/50(22%), 15/50(30%),
23/50  (46%), and 35/50  (70%) females at 0, 1,5, 15, and 45 mg/kg bw per day, respectively. A slight
increase in transitional epithelial cell hyperplasia was seen in females at 45 mg/kg bw per day (1 l/50;
22%) in comparison with controls (0%).

No treatment-related neoplastic lesions were seen at any dose. There was an increase in the
incidence of brain astrocytomas in male rats, with l/50 (2%), 0/50,0/50,2J48  (4%), and 6/50  (12%)
seen in the controls and in rats at 1,5, 15, and 45 mg/kg bw per day, respectively. Although there was
a positive trend @ = 0.002),  a pairwise test did not show statistical significance (p = 0.055) when the
incidence at the high dose (6/60) was compared with that of the controls (l/50). The brain astrocytomas
are not attributable to treatment because they did not occur earlier in treated rats than in controls (no
decreased latency); there were no preneoplastic lesions such as gliosis in treated rats, and all the tumours
were solitary; the tumours in the treated rats were no larger or more anaplastic than generally seen in
control rats (the largest and most lethal tumour was seen in a control rat); and the tumours were seen
only in animals of one sex. In another study in Fischer 344 rats (Jeffris etal., 1995; discussed below),
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no brain tumours or any evidence of carcinogenicity was seen in the same strain of rats treated at more
than three times the dose (175 mg/kg bw per day) that was tested in this study. The NOAEL was
1 mg/kg bw per day on the basis of the histopathological lesions seen in the kidneys of animals of each

sex (Serota, 1986).

Groups of 50 male and 50 female Fischer 344 rats were fed diets designed to provide 2,4-D (purity,
96.4%) at doses of 0,5,75,  or 150 mg/kg bw per day for up to two years. Ten animals of each sex at
each dose were killed at 12 months. Survival, body weight, food consumption, and clinical signs were
noted; haematological parameters were evaluated at 12, 18, and 24 months and organ weights and
histopathological changes at 12 and 24 months. Treatment had no adverse effect on survival, and there
were no treatment-related clinical signs of toxicity. At termination, the body weights were lower than
those of the respective controls for females at 75 mg/kg bw per day (-14%) and males (-8%) and
females (-26%) at 150 mg/kg bw per day. The body-weight gains were also lower than those of the
respective controls for females at 75 mg/kg bw per day (-24%) and males (-17%) and females (-48%)
at 150 mg/kg bw per day. A concomitant decrease in mean food consumption occurred in females at
75 mg/kg bw per day (4%)  and in males (-5%) and females (-12%) at I50 mg/kg bw per day.
Statistically significant (~3 L 0.05) increases in the plasma levels of alanine and aspartate transaminases,
alkaline phosphatase, and/or cholesterol were seen in females at 75 mg/kg bw per day and in males and
females at 150 mg/kg bw per day at various times. These increases may be due to treatment as hepatic
lesions were observed at the interim sacrifice in females at 75 mg/kg bw per day and at terminal sacrifice
in males and females at 150 mg/kg bw per day. It should be noted, however, that the hepatic lesions were
limited to altered tinctorial properties involving all hepatocytes within the hepatic nodules and were not
associated with hepatocellular degeneration or necrosis. Thyroxine levels were decreased at 6, 12, and
24 months in males and females at 75 and 150 mg/kg bw per day. Increases in absolute and relative
thyroid weights were seen, however, only in females at 75 mg/kg bw per day and in animals of each
sex at 150 mg/kg bw per day at the interim and terminal sacrifices. Histopathological lesions of the
thyroid glands were seen only in females at 150 mg/kg bw per day at the interim sacrifice. Gross
pathological examination revealed opacity of the lens and a general decrease in fat in females and pale
foci in the lungs of animals of each sex at 150 mg/kg bw per day. The only treatment-related effects
on organ weights were the increases in thyroid weight.

After 12 months of treatment, the non-neoplastic lesions seen were decreased haematopoiesis in the
bone marrow of females at 150 mg/kg bw per day; altered tinctorial properties in the livers of females
at 75 mg/kg bw per day and in animals of each sex at 150 mg/kg bw per day; bilateral retinal
degeneration in females at 150 mg/kg bw per day; multifocal alveolar histiocytosis of the lungs in
females at 75 mg/kg bw per day and animals of each sex at 150 mg/kg bw per day; degeneration of the
descending portion of the proximal convoluted tubules of the kidneys in animals of each sex at 75 and
150 mg/kg bw per day; atrophy of the adipose tissue in females at 75 and 150 mg/kg bw per day; atrophy
of the testes at 150 mg/kg bw per day; and decreased secretory material in the thyroid follicles of females
at 150 mg/kg bw per day.

After 24 months of treatment, the non-neoplastic lesions were limited to the eyes, liver, lung, and
mesenteric fat. The eye lesions were characterized as slight to severe bilateral retinal degeneration and
lenticularcataracts in animals of each sex at 150 mg/kg bw per day. Liver lesions manifested as enlarged
hepatocytes, often accompanied by altered tinctorial properties that involved all hepatocytes within the
hepatic lobule of animals of each sex at 150 mg/kg bw per day. Lesions of the respiratory system
included subacute to chronic inflammation of the lungs in females at 75 mg/kg bw per day and animals
of each sex at 150 mg/kg  bw per day. Atrophy of the adipose tissue was increased in animals of each
sex at 150 mg/kg bw per day. It should be noted that the lesions seen in the spleen, kidneys, testes, and
thyroid glands of rats killed at 12 months were not seen in those killed at 24 months. A variety of benign
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pups. This effect may have been the result of delayed implantation, hormonal imbalance, or problematic
parturition. The mean body weights of F0 males and females at 80 mg/kg bw per day were significantly
@ 5 0.05) lower than those of the controls. The F, dams fed 80 mg/kg bw per day and producing the
Fla litter had significantly (p < 0.05) lower body weights on days 7, 13 and 20 of gestation, while those
producing the F,,litter  had significantly @ I 0.05) lower body weights only on day 20 of gestation.
While the body weights of F, dams producing the Fza litters were comparable to those of the controls
at all doses during gestation, the F, dams fed 20 mg/kg bw per day and producing the FTh litters had
significantly (p < 0.05) lower body weights on days 7,13, and 20 of gestation. The weights of pups of
each sex of the F,a  generation at 80 mg/kg bw per day were significantly (p < 0.05) decreased during
days 1-28 of lactation, as were those of the F,,generation  at 20 mg/kg bw per day on day 28 of lactation
and those at 80 mg/kg bw per day on days l-28. The weights of the F,U and F,, pups were comparable
to those of the respective controls. The viability of F,ti and F,,pups  was affected only by treatment at
80 mg/kg bw per day. Live litter sizes were reduced in the FJ9%;  10.1% in controls) and F,, (5.1%;
0.5% in controls; p 5 0.01) generations. There was a significant (p 50.01) decrease in the sex ratio of
the F,a pups (109 males and 7 1 females) when compared with controls (99 males and 114 females). Pup
mortality was significantly (p < 0.01) increased in the F,,generation ( 11 Odead pups) in comparison with
controls (5 dead pups), but the viability of the F2, and FZh pups was not affected. Examination of the F,,
nllnr nt 507 mokcr  hw ner dnv that did hefnre lnrtstinn  nn dav 3R r~v~ald bent rihc in ?fi fetllcec in ciwy”y” UC “V . ..b. ..b ” 1. yw.  “J L..U. _.I_ VI.V._  .YI.I..V..  VI.  ‘_J IV .I. __.__ _I.._ . IVY . . . IV . --...,I” . . . L,.,.
litters, with none in the control fetuses; 14th rudimentary ribs in 12 fetuses in six litters, with none in
the control fetuses; and slight or moderately malaligned stemebrae in 23 fetuses in nine litters, and in
one fetus per litter in the control pups. None of these increases, however, showed statistical
significance. Histopathological examination revealed increased focal nuclear density in the medullary
renal tubules in animals of the F0 generation at 20 mg/kg bw per day (7130;  23%) and at 80 mg/kg bw
per day (73%) and in the F, adults at 20 mg/kg bw per day (4/29; 14%) when compared with controls
(0%). These lesions are indicative of degenerative or atrophic change of the epithelial cells. No changes
were seen at 5 mg/kg bw per day or in any of the F,, weanlings. The NOAEL for systemic parental
toxicity in the F, and F, generations and for reproductive and developmental toxicity was 5 mg/kg bw
per day (Rodwell, 1985).

(e)  Developmental toxic@

Mice

The teratogenic potential of 2,4-D and its esters was investigated in AKR, C57B1/6,  C3H, and
A./Ha mice by subcutaneous injection of doses of 24-106 mg/kg bw per day on days 6-14 or 15 of
gestation. Groups of positive and negative controls were used periodically throughout the study, but
they were not matched with respect to either route or time of administration. 2,4-D increased the
proportion of abnormal litters only in the AKR strain, in some tests but not others, depending on when
the tests were conducted. No significant increase in the incidence of anomalies was noted with 2,4-D
in C57, C3H,  or hybrid C57 x AKR mice; with the isooctyl ester of 2,4-D in C3H, A/Ha, or AKR mice;
with the butyl ester of 2,4-D in C57 or AKR mice; with the isopropyl ester of 2,4-D in C57 or AKR mice;
with the methyl ester of 2,4-D in AKR mice in a hybrid fetus resulting from mating a C57B1/6  female
with an AKR male; or with the EH ester of 2,4-D in C57 or AKR mice (Bage et al., 1973).

Rats

Groups of 15-19 pregnant Sprague-Dawley rats were given 2,4-D (purity, 98.7%) in corn oil by
gavage at doses of 12.5,25, 50, 75, or 88 mg/kg bw per day on days 6-15 of gestation. Two control
groups were used: one for the animals at 88 mg/kg bw per day and another for those at the lower doses.
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Fetuses were delivered by caesarean section on day 20 of gestation and were examined grossly,
measured, weighed, and examined for soft tissue and skeletal anomalies. There were no deaths, and the
body-weight gains of treated dams were comparable to those of the controls. Statistically significant
(p < 0.05) decreases in fetal body weights were observed at doses > 50 mg/kg bw per day. Fetal
anomalies, such as subcutaneous oedema, lumbar and wavy ribs, and delayed ossification of bones
including the skull were observed with increasing doses; however, these anomalies were also seen in
both control groups. Significant (p <_ 0.05) increases were observed in both the fetal (8/l 19; 7%) and
litter incidences  (5/19; 26%) in comparison with controls (fetal, 21205, 1%; litter, 2125,  6%). The
NOAELs were 88 mg/kg bw per day for maternal toxicity and 25 mg/kg bw per day for developmental
toxicity (Schwetz et al., 197 1).

Groups of 35 pregnant Fischer 344 rats were given technical-grade 2,4-D (purity, 97.5%) in corn
oil bv Pavane at doses of 8 25 or 75 mg/kg bw per day during days 6-l 5 of gestation. The control group_, ~_ _~_  -_ ___--L  __ -;---; ~~
received the vehicle alone by the same schedule. Dams were sacrificed on day 20 of gestation; post-
mortem examination included gross macroscopic examination of all internal organs with emphasis on
the uterus, uterine contents, position of fetuses in the uterus, and the number of corpora lutea. Fetuses
were weighed, sexed, and examined for gross external abnormalities; they were prepared by Wilson’s
slicing technique for visceral examination, after which they were stained with alizarin red S for skeletal
examination. Treatment did not alter survival or induce clinical signs. Maternal toxicity was limited to
decreased body-weight gain in dams at 75 mg/kg bw per day during treatment, which reached -43%
during days 6-10 and -21% during days 6-15. No treatment-related effects were observed on the
numbers of viable fetuses, early or late resorptions, pre-implantation losses, or corpora lutea or on the
fetal sex distribution, fetal weights, or fetal crown-rump length. No gross external or visceral anomalies
(malformations or variations) were seen at any dose. The incidence of skeletal variations was increased
in fetuses at 75 mg/kg bw per day and included 7th cervical ribs in 4/127  (3%) fetuses and 3/26 (12%)
litters, 14th rudimentary ribs in 4/127  (3%) fetuses and 3126 (12%) litters, and missing stemebrae in
15/26  (12%) fetuses and lo/26 (38%) litters; none were seen in the controls. Although these increases
were not statistically significant, they are attributable to treatment since the same skeletal variations
were also found at a high incidence in the F,, pups of dams fed 80 mg/kg bw per day 2,4-D in a study
in the same strain of rats (Rodwel, 1985) and in the fetuses of Sprague-Dawley dams fed 87.5 mg/kg
bw per day (Schwetz et ul., 197 1). Thus, the weight of the evidence from the two-generation study of
reproductive toxicity and the studies of developmental toxicity in two strains of rats indicates that the
lowest observed effect level for developmental toxicity was 75 mg/kg bw per day. The NOAEL was
25 mg/kg bw per day for maternal and developmental toxicity (Rodwell, 1983).

The salts and esters of 2,4-D were tested for developmental toxicity in rats in a series of experiments
with similar protocols: The compounds were given by gavage on days 6-15 of gestation. The control
groups received the vehicle by the same schedule. The dams were killed on day 20 of gestation, and
post-mortem examination included gross macroscopic examination of all internal organs with emphasis
on the uterus, uterine contents, position of fetuses in the uterus, and the number of corpora lutea. Fetuses
were weighed, sexed, examined for gross external abnormalities, and prepared by Wilson’s slicing
technique for visceral examinations, after which they were stained with alizarin red S for skeletal
examination.

The DEA salt of 2,4-D (purity, 73.1%) was administered at doses of 15,75,  or 150 mg/lcg bw per
day (equivalent to 11,55,  or 110 mg/kg bw per day of the acid) in distilled water to groups of 25 pregnant
Sprague-Dawley Crl:CD rats. Maternal toxicity at 75 mg/kg bw per day was limited to a significant
(p < 0.05) decrease in mean body-weight gain during days 6-9 of gestation. At 150 mg/kg bw per day,
maternal toxicity consisted of significant @I 50.05) decreases in mean body-weight gain during days
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Does received the IPA salt of 2,4-D (purity, 50.2%) in deionized water orally at 13, 38 or
95 mg/kg bw per day (equivalent to 10, 30, or 75 mg/kg bw per day of the acid). Maternal toxicity at
38 and 95 mg/kg bw per day included the deaths of two does at 38 mg/kg bw per day and three at
95 mg/kg bw per day, morbidity in four does at 95 mg/kg bw per day, clinical signs of toxicity
(decreased faeces and myotonia at 38 and 95 mg/kg bw per day and lateral recumbency at 95 mg/kg
bw per day), significant (p 50.05) decreases in body-weight gain (-44% at 38 mg/kg bw per day and
-56% at 95 mg/kg  bw per day) on days 7-20 of gestation, and a significant (p L 0.0s) increase (I 3%)
in relative kidney weights. No gross external, visceral, or skeletal malformations or variations were
seen at any dose. The NOAEL for maternal toxicity was 13 mg/kg bw per day (equivalent to 10 mg/
kg bw per day of the acid); the NOAEL for developmental toxicity was 95 mg/kg bw per day (equivalent
to 75 mg/kg bw per day of the acid), the highest dose tested (Breslin er al., 1991).

Does were given the TIPA salt of 2,4-D (purity, 73.1%) in deionized water by oral administration
at 19,56, or 140 mg/kg bw per day (equivalent to 10,30,  or 75 mg/kg bw per day of the acid). Maternal
toxicity at 56 and 140 mgkg bw per day included the death of one doe at 56 mg/kg bw per day, morbidity
in three does at 140 mg/kg bw per day, clinical signs of toxicity (decreased faeces, myotonia, and lateral
recumbency) at 56 and 140 mg/kg bw per day, and significant (p 50.05)  decreases in body-weight gain
(-46% at 56 mg/kg bw per day and -59% at 140 mg/kg bw per day) on days 7-20 of gestation. No gross
external, visceral, or skeletal malformations or variations were seen at any dose. The NOAEL for
maternal toxicity was 19 mg/kg bw per day, equivalent to 10 mg/kg bw per day of the acid; the NOAEL
for developmental toxicity was 140 mg/kg bw (equivalent to 75 mg/kg bw per day of the acid), the
highest dnne tested (1 iberacki et al. 1991).D_“__  __--  _- --_- \1__--_---___  __ _ __j __ -,

Groups of 20 artificially impregnated New Zealand rabbits were given the BEH ester of 2,4-D
(purity, 95.6%) in corn oil by gavage at 15,45, or 110 mg/kg bw per day (equivalent to 10,30, or 75
mg/kg bw per day of the acid). Maternal toxicity at 45 and 110 mg/kg bw per day included the deaths
of one doe at 45 and four at 110 mg/kg bw per day, morbidity in one doe at 45 and four at 110 mg/kg
bw per day, clinical signs (decreased activity, myotonia, lateral recumbency, and prostration), and
decreases in the body weights of does that died or were killed at these doses. No fetal gross external,
visceral, or skeletal malformations or variations were seen at any dose. The NOAEL for maternal
toxicity was 15 mgkg bw per day, equivalent to 10 mg/kg bw per day of the acid; the NOAEL for
developmental toxicity was 110 mg/kg bw per day (equivalent to 75 mg/kg bw per day of the acid), the
highest dose tested (Zablotny et al., 1991).

Pregnant does were given the EH ester of 2,4-D (purity, 95.6%) in 1% methylcellulose by oral
administration at doses equivalent to 10,30, or 75 mg/kg bw per day of the acid. Maternal toxicity at
75 mgkg bw per day consisted of the deaths of two does, morbidity in two does, and abortion by one
doe; clinical signs of toxicity (decreased activity, ataxia, impaired righting reflexes, loss of righting
reflex and bradypnoea); and decreases in body weight (-19%) on days 6-19 of gestation. No gross
external, visceral, or skeletal malformations or variations were seen in fetuses at any dose. The NOAEL
for maternal toxicity was 30 mg/kg bw per day of the acid; the NOAEL for developmental toxicity was
75 mg/kg bw per day of the acid, the highest dose tested (Martin, 1992b).

# Genotoxicity

The mutagenic potential of 2,4-D, the DEA, DMA, IPA, and TIPA salts and the BEH and EH esters
has been evaluated in numerous assays. The results are presented in Table 2.
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Table 2. Results of tests for the genotoxicity of 2,4-D,  its salts and its esters

End-point Test system Concentration Purity Results Reference
(%)

2,4-D
Reverse mutation S. typhimurium

TA98, TAlOO,
TA1535,  TAl537,
TA1538
S. typhimurium
TA98, TAlOO,
TA1535,  TA1537,
TA1538
S. typhimutium

100-l 0 000 pg/ plate 96.1
with S9; 66.74670 pg/ plate
without S9

O-l 000 pg/plate NR

O-3333 pg/plate NR

S. &ph/.muti!‘um O-l non llnlnlate. --- l-irl-‘-.- !w
TA97, TA98, TAl  00,

Negative Lawlor &
Valentine 1990a)

Reverse mutation Negative Rashid  ef a/.
(1984)

Reverse mutation Negative Soler-Neidzieler
et al. (1988)

Nqa!ive Karmas f 1 WM\“-b-l--- \‘---IRmmrse. .I._.“”
ml rtatinn. . .U.U.._.  I

Reverse mutation

Reverse mutation

DNA damage

TA1535,  TA1537,
TA1538
S. typhimun’um
TAl538, TA1535
S. typhimurium
TA98, TAl  00,
TA1535,  TA1538
E. co/i K12, WP2

DNA damage E. co/i PQ 37

Sex-linked recessive
lethal mutation
Sex-linked recessive
lethal mutation
Gene mutation

Chromosomal aberration
in vitro
Chromosomal aberration
in vitro

Chromosomal aberration
in vitro
Chromosomal aberration
in vivo
Chromosomal aberration
in vivo

Drosophila me/an0
gaster larvae
Drosophila melano-
gaster adults
Hamster V79
fibroblasts, hprt
locus
Chinese hamster
ovary cells
Embryonic bovine
kidney and peripheral
lymphocytes
Human lymphocytes

O-2000 pg/plate NR Negative Rashid  & Muma
(1986)

Negative Simmon ef a/.
(1977)

I 5000 pg /plate NR

O-2000 pg/plate NR

O-200 pg/plate NR

0.C10 000 ppm NR

1000-10 000 ppm (feeding), 2 99
10 000 ppm (injection)
1 O-l 00 pg/ml NR

500-920 @ml without S9; NR
1900-5000 pg/ml  with S9
l-l 000 ppm NR

Negative Rashid  & Mumma
(1986)

Negative Sundermann et
a/. (1989)

Positive Kale et a/. (1995)

Negative Zimmering et a/.
(1985)

Positive Pavlica et a/.
(1991)

Negative Galloway ef a/.
Equivocal (1987)
Negative Bongso & Basrur

(1973)

Chromosomal aberration
in vivo

Sister chromatid exchange
in v/v0
Sister chromatid exchange
in vitro
Sister chromatid exchange
in vivo
Micronucleus formation
in vivo
Unscheduled DNA synthesis

DNA damage

O-125-0.35 mmol/iitre
0.125-l .250 mmof/fitre
O.Ow.04  mg/rn%

55

33.3

NR

Negative Mustonen et a/.
Positive” (1986)
Negative Mustonen et a/.

(1986)
Negative Turkula & Jalal

(1987)

Human lymphocytes

Rat bone marrow

Rat bone marrow

O-350 pg/kg bw intraperito-
neally per 4 or 24 h; three
replicates
0, 17.5,35,  or 70 mg/kg  bw
per day intraperitoneally
twice

Rat lymphocytes 100 mg/kg  bw

NR Negative” Adhikari &
Grover (1988)

NR

NR

33.3

96.1

96.1

NR

Negative Mustonen et a/.
(1989)

Positive Galloway et a/.
Negative (1987)
Negative Linnainmaa

(1983)
Negative lvett (1990a)

Chinese hamster SO-299 pg/ml without S9
ovary cells 500-4200 pg/ml  with S9
Human lymphocytes NR

ICR mouse bone
marrow
Primary Fischer 344
rat hepatocytes
Human fibroblasts
(PM2 DNA)

40-400 mg/kg  bw

Negative Cifone (1990a)0.969-2890  @ml

Negative Clausen et a/.
(1990)

O-l 00 nmol/litre
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Table 2 (contd)

End-point Test system Concentration Purity Results Reference
(“A)

DEA salt
Reverse mutation

Chromosomal aberration
in vivo
Unscheduled DNA synthesis

DMA salt
Reverse mutation

Micronucleus formation
in vivo
Unscheduled DNA synthesis

IPA salt
Reverse mutation

Gene mutation

Chromosomal aberration

Micronucleus formation
in tivo
Unscheduled DNA synthesis

TIPA salt
Reverse mutation

Gene mutation

Chromosomal aberration

Micronucleus formation
in vivo

BEH ester
Reverse mutation

Chromosomal aberration

Micronucleus formation
in vivo
Unscheduled DNA synthesis

S. fyphimun’um 500-I 4 000 pg/plate
TA98, TAlOO, with and without S9
TA1535.  TA1537,
TA1538
ICR mouse bone 60-600 mg/kg bw
marrow
Primary Fischer 344 1 O-500 pg/ml
rat hepatocytes

S. typhimurium 333-l 0 000 fig/ plate
TA98, TAl  00,
TA1535,  TA1537,
TA1538
ICR mouse bone 60-600 mg/kg  bw
marrow
Primary Fischer 344 70.5-l 00 pglml
rat hepatocytes

S. typhimurium 1 O-l 0 000 &plate
TA98, TAl  00,
TA1535, TA1537
Chinese hamster 500-3000 fq/ml
ovary cells, hprt locus
Rat lymphocytes 96-6137 pg/ml  with and

without S9
ICR mouse bone 75-750 mg/kg  bw
marrow
Primary Fischer 344 5-500 pg/ml
rat hepatocytes

S. iyphimurium 1000-l 0 000 @plate
TA97, TA98, TAl  00,
TA1535,  TA1537
Chinese hamster 78-5000 pg/ml
ovary cells, hprt  locus
Rat lymphocytes 800-5000 pg/ml

ICR mouse bone
marrow

S. typhimurium
TA97, TA98, TAl  00,
TA1535,  TA1537,
TA1538
Rat lymphocytes

ICR mouse bone
marrow
Primary Fischer 344
rat hepatocytes

75-750 mg/kg  bw

5-5000 pg/plate with S9;
1.6-l 667 pg/plate without
s9

95.6

87.5-l 400 pg/litre 94.6

37.5-375 mgtkg  bw 95.6

5-500 j@ml 95.6

73.8

73.8

73.8

66.2

66.2

66.2

50.1

50.2

50.2

50.2

50.2

72.2

70.9

70.9

70.9

Negative Lawlor &
Holloway (1990)

Negative lvett (1990b)

Negative McKeon (1990)

Negative Lawlor &
Valentine (1990b)

Negative lvett (1990b)

Negative Cifone (1990b)

Negative Samson &
Gollapudi (1989a)

Negative Linscombe & Lick
(1994a)

Negative Linscombe & Lick
(1994b)

Negative Gollapudi et al.
(1990a)

Negative McClintock &
Gollapudi (1990)

Negative Samson &
Gollapudi (1989b)

Negative Linscombe & Lick
(1994c)

Negative Linscombe & Lick
(1994d)

Negative Gollapudi et al.
(1990b)

Negative Samson &
Gollapudi (1990)

Negative Linscombe & Lick
(1994e)

Negative Gollapudi el al.
(199Oc)

Negative McLintock &
Gollapudi (1990)
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commercial lawn-care service, with an odds ratio (OR) of 1.3 (95% confidence interval [CI], 1 B-1.7).
The OR was not raised for application of 24-D only (OR, 1.3;  95% CI, 0.9-l .8) or for sole use of
commercial lawn treatments (OR, 1.3; 95% CI, 0.96-l .7). The OR for application by the owner plus
use of a commercial lawn service was 1.9 (95% CI, 0.9-4.1). A positive trend (p < 0.02) was found for
the frequency of use by the owner (number of applications per year), but not for the duration of use
(number of years of application). No significant trends were found for use of commercial lawn-care
service. The major weakness of this study was the lack of precise data on exposure to herbicides (Hayes
et al., 1991).

3. Observations in humans

Epidemiological studies have suggested an association between exposure to chlorophenoxyacetic
acid herbicides, including 2,4-D, and two forms of cancer in humans: soft-tissue sarcomas and non-
Hodgkin’s lymphoma. The results of these studies are not consistent, however, the assoiations found
are weak, and conflicting conclusions have been reached by the investigators. In addition, most of these
studies did not provide information on exposure specifically to 2,4-D, and the risk was related to the
general category of phenoxy herbicides, which might include 2,4,5-trichlorophenoxyacetic  acid
(2,4,5-T) and substances contaminated with dioxins, specifically 2,3,7,8-TCDD.  While some of the
studies have shown a relationship between exposure to 2,4-D and non-Hodgkin’s lymphoma, others
(including those with positive results) have produced inconsistent findings, raising doubts about
whether the relationship is causal.

(a) Case-control studies

(9 Soft-tissue sarcoma

Six case-control studies addressed the association between exposure to phenoxyacetic acid
herbicides and chlorophenols and the development of soft-tissue sarcoma in humans. A positive
association was reported in patients with exposure to either group of compounds in Sweden (Hardell
dz Sandstrom, 1979; Eriksson et aZ., 198 1) and in female rice weeders in northern Italy (Vineis et al.,
1986). None of these studies, however, reported an OR for exposure to 2,4-D. In contrast, a number of
case-control studies in New Zealand and the USA failed to find an association between use of
phenoxyacetic acid herbicides and the development of soft-tissue sarcoma (Smith et al., 1983, 1984;
Hoar et al., 1986; Woods et al., 1987). The specific findings are described below.

Hardell and Sandstrom ( 1979) studied 21 living and 3 1 deceased male patients with soft-tissue
sarcoma in northern Sweden who had been exposed to phenoxyacetic acids or chlorophenols; 220
controls were chosen from the general population. The cases of soft-tissue sarcoma were identified
from the records of the Department of Oncology of the University Hospital of Umefi between 1970 and
1977. Information on patterns of use of herbicides and chlorophenols was obtained from questionnaires
for 36.5% of the cases and 9.2% of the controls who recalled exposure to these compounds. There was
a significant (p < O.OOl),  sixfold increase in risk for soft-tissue sarcoma(OR, 5.3; 95% CI, 2.4-l l), with
13 cases who had been exposed to phenoxyacetic acids. Of these 13 cases, nine had been exposed to
2,4-D and 2,4,5-T combined, two to 2,4,5-T alone, one to MCPA alone, and one possibly to 2,4-D only.
The authors noted that the effects of the individual chemical substances could not be evaluated, as
nearly all of the exposed subjects were also exposed to chlorinated dioxins, including 2,3,7,8-TCDD.

Eriksson et al. (198 1) confirmed the finding of Hardell and Sandstrom of an association between
soft-tissue sarcoma and phenoxyacetic acids in southern Sweden, where MCPA and 2,4-D have been
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disease, 109 with non-Hodgkin’s lymphoma, and 338 controls from the general population. The
questionnaire method used was similar to that of Hardell and Sandstrom (1979). A significantly
increased risk was found with exposure to phenoxyacetic acid herbicides (OR, 4.8; 95% CI, 2.9-8-l).
Although risk estimates were not reported separately for Hodgkin’s disease and non-Hodgkin’s
lymphoma, the authors reported no meaningful difference.

Hoar eta/. ( 1986) conducted a population-basedcase-control study in Kansas, USA, that comprised
12 1 cases of Hodgkin’s disease and 170 of non-Hodgkin’s lymphoma identified through the University
of Kansas Cancer Data Service for the years 1976-82, and 948 controls from the general population
of the State. No association was seen between use of phenoxyacetic acid herbicides and Hodgkin’s
disease. When the rates of non-Hodgkin’s lymphoma for non-farmers were used for comparison,
associations of borderline significance were found for farming (OR, 1.4; 95% CI, 0.9-2.1) and for
phenoxyacetic acid herbicide use (OR, 2.2; 95% CI, 1.2-4.1). The OR for use of herbicides on wheat,
corn, sorghum, or pasture was 1.6 (95% CI, 0.9-2.6). The relative risk (RR) for non-Hodgkin’s
lymphoma was significantly increased when evaluated by number of days of exposure to herbicides per
year and latency. Farmers exposed for more than 20 days per year had a sixfold increase in risk for non-
Hodgkin’s lymphoma relative to non-farmers (OR, 6.0; 95% CI, 1.9-20). When exposure was restricted
to users exposed only to 2,4-D (i.e. eliminating 2,4,5-T), the RR was increased (OR, 2.6; 95% CI,
1.4-5.0). In men exposed only to 2,4-D for > 20 days per year, the OR was 7.6 (95% CI, 1.8-32). The
authors had reservations about the accuracy of this determination because of the way in which the
questionnaire elicited dates and frequency of herbicide use. Frequent users who mixed or applied the
herbicide themselves had an elevated risk (OR, 1.9; 95% CI, l . l-3.3), and the risk was even higher (OR,
8.0; 95% CI, 2.3-28) for men who mixed or applied the herbicides and who were exposed for more than
20 days per year. An association was also found between the occurrence of non-Hodgkin’s lymphoma
and failure to use protective equipment, such as rubber gloves and masks (OR, 2.1; 95% CI, 1 B-4.2),
in comparison with those who protected themselves (OR, 1.5; 95% CI, 0.7-3.1). The results were
difficult to interpret, because the information on exposure was gleaned exclusively from interviews
with subjects or their next-of-kin. There is reasonable doubt about whether the next-of-kin would be
knowledgeable about the subject’s daily weed-control practices or be able to recall with precision such
practices 15-20 years later. Furthermore, as no data were collected on the frequency or duration of
2,4-D useperse, it was not possible to estimate directly an association between the amount of exposure
to 2,4-D and non-Hodgkin’s lymphoma.

In another population-based case-control study, Woods et al. (1987) evaluated the relationship
between occupational exposure of men in western Washington State, USA, to phenoxyacetic acid
herbicides and chlorinated phenols and the risk of developing non-Hodgkin’s lymphoma. The study
comprised 576 cases of non-Hodgkin’s lymphoma and 694 randomly selected controls with cancer. An
association was found between non-Hodgkin’s lymphoma and application of herbicides in farming
(OR, 1.3; 95% CI, 1.0-1.7) or forestry (OR, 4.8; 95% CI, 1.2-19); however, the forestry sprayers
reported combined use of 2,4-D and 2,4,5-T and use of commercial preparations containing other
chemicals. The risk for developing non-Hodgkin’s lymphoma was also increased for workers potentially
exposed to phenoxyacetic acid herbicides in any occupation for a period of 15 years or longer during
the 15 years before cancer diagnosis (OR, 1.7,95% CI, 1 B-2.8). No statistically significant association
was seen between non-Hodgkin’s lymphoma and exposure to phenoxyacetic acid herbicides (OR, 1.2;
95% CI, 0.8-l .9), even at high levels. Men who reported using 2,4-D specifically had an OR of 0.73
(95% CI, 0.43-l .3), although it was difficult to determine if this OR was controlled for other exposures.
In a later report, Woods and Polissar (1989) concluded that phenoxyacetic acid herbicide preparations
(e.g. 2,4-D and 2,4,5-T) per se do not independently increase the risk but may enhance the risks
associated with use of various pesticides and other chemicals in agriculture.
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Asp et al. (1994) conducted an 18-year  follow-up for cancer mortality and morbidity in a cohort of
1909 men who had sprayed chlorophenoxyacetic acid herbicides (a mixture of 2,4-D and 2,4,5-T) in
1955-7 1. Overall mortality from cancer was slightly less than that in the general population (SMR, 0.83;
95% CI, 0.65-l .O), and none of the deaths was due to soft-tissue sarcoma or non-Hodgkin’s lymphoma.
One case of non-Hodgkin’s lymphoma was found, with 2.8 expected; no cases of soft-tissue sarcoma
were seen.

(4 Overall assessments of epidemiological studies

Over the past eight years, a number of scientific panels, convened under the auspices of various
groups, have evaluated the epidemiological studies that addressed the possible association between use
of phenoxyacetic acid herbicides, 2,4-D in particular, and the occurrence of soft-tissue sarcoma, non-
Hodgkin’s lymphoma, and Hodgkin’s disease. Their conclusions are summarized below.

A working group convened by the International Agency for Research on Cancer (IARC, 1987)
concluded that there was limited evidence that chlorophenoxy herbicides are carcinogenic to humans.
2,4-D could not be clearly distinguished from other chlorophenoxy herbicides, some of which contain
dioxins.

The Ontario Pesticide Advisory Committee of the Ontario Ministry of the Environment (Anders et
al., 1987), using IARC terminology, concluded that ‘... there is limited evidence of carcinogenicity in
man from exposure to phenoxyacetic acid herbicides. In terms of exposure to 2,4-D specifically, the
evidence must still be regarded as inadequate to classify it as a carcinogen.’

A panel at the Harvard School of Public Health (1990; Ibrahim et al., 1991) concluded: ‘Although
a cause-effect relationship is far from being established, the epidemiological evidence for an
association between exposure to 2,4-D and non-Hodgkin’s lymphoma is suggestive and requires
further investigation. There is little evidence of an association between use of 2,4-D and soft-tissue
sarcoma or Hodgkin’s disease, and no evidence of an association between 2,4-D use and any other form
of cancer.’

Munro et al. (1992) concluded: ‘The case-control epidemiological studies that have been the source
of the cancer risk hypothesis are inconclusive. Problems in assessing exposure based on patient’s
memories make these studies difficult to interpret. Cohort studies of exposed workers do not generally
support the specific hypothesis that 2,4-D causes cancer. Taken together, the epidemiological studies
provide, at best, only weak evidence of an association between 2,4-D and the risk of cancer.’

The Joint Committee of the Science Advisory Board/Scientific Advisory Panel (US Environmental
Protection Agency, 1994) concluded ‘... that while there is some evidence that non-Hodgkin’s
lymphoma may occur in excess in populations which are likely to be exposed to 2,4-D, the data are not
sufficient to conclude that there is a cause and effect relationship between exposure to 2,4-D and non-
Hodgkin’s lymphoma. The data are, however, sufficient to require continued examination of the issue
through further studies.’

Comments

2,4-D was rapidly absorbed,  disttibuted,  Ziid eXCieted  iiftei  ncn rl-:“;..tmt;r\”  td-. m;,-%,Ulcll  iiUlllllll~Llaclul~  cu lluuz, rats, afib
goats. At least 8694% of an oral dose was absorbed from the gastrointestinal tract in rats, Once
absorbed, 2,4-D was widely distributed throughout the body but did not accumulate because of its rapid
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clearance from the plasma and rapid urinary excretion. 2,4-D was excreted rapidly and almost
exclusively (85~94%)  in urine by 48 h after treatment, primarily as unchanged 24-D. No metabolites
have been reported  other  than  conjugates. Pharmacokinetic  studies with salts and esters of 2,4-D have
shown that the salts dissociate and esters are rapidly hydrolysed to 2,4-D, after which their fate was
indistinguishable from that of the acid. The similarity in the fate of 2,4-D and its salts and esters explains
their similar toxicity.

In humans who ingested 2,4-D, it was quickly absorbed and excreted rapidly in the urine; about 73%
of the administered dose was found in the urine after 48 h. No metabolites were detected.

After dermal applications of 2,4-D to volunteers, 2 5.8% of the dose was absorbed within 120 h.
When the acid and its dimethylamine (DMA) salt were applied, about 4.5% of the acid and 1.8% of the
salt were absorbed, and, of this, about 85% of the acid and 77% of the salt were recovered in the urine
96 h after application.

2,4-D, its amine salts, and its esters are slightly toxic when administered orally or dermally, the oral
LD,, values being 400-2000 mg/kg bw and the dermal LD,, value generally exceeding 2000 mg/kg bw.
In rats exposed to 2,4-D at the maximum attainable concentration (up to 5.39 mg/litre) by inhalation
for 4 h, no deaths were seen. While 2,4-D and its amine salts and esters do not induce dermal irritation
in rabbits or dermal sensitization in guinea-pigs, they cause severe eye irritation in rabbits. WHO has
classified 2,4-D as ‘moderately hazardous’ (WHO, 1996).

In mice fed diets that provided 2,4-D at doses of 0,5,15,45,  or 90 mg/kg bw per day for three months,
renal lesions were observed in animals of each sex at all doses. An NOAEL was not identified.

In mice fed diets providing 2,4-D at doses of 0, 1, 15, 100, or 300 mg/kg bw per day for 90 days,
treatment-related changes were observed in animals of each sex at doses 2 100 mg/kg bw per day. These
effects included decreases in glucose level in females, decreases in thyroxine activity in males, and
increases in absolute and/or relative kidney weights in males. The NOAEL was 15 mg/kg bw per day.

In rats fed diets providing 2,4-D at doses of 0, 1, 5, 15, or 45 mgkg bw per day for 90 days, renal
lesions were observed at doses 2 5 mg/kg bw per day. The NOAEL was 1 mg/kg bw per day.

In rats fed diets providing 2,4-D at doses of 0, 1, 15, 100, or 300 mg/kg bw per day for 90 days,
treatment-related changes were observed in animals of each sex at doses 2 100 mg/kg bw per day. These
effects included decreases in body-weight gain, haematological and clinical chemical alterations,
changes in organ weights, and histopathological lesions in the adrenals, liver, and kidneys. The NOAEL
was 15 mg/kg bw per day.

In six studies of toxicity, rats fed diets containing thediethanolamine (DEA), DMA, isopropylamine
(IPA), or triisopropanolamine (TIPA)  salts or the butoxyethylhexyl (BEH) or 2-ethylhexyl (EH) esters
at acid-equivalent doses of 0, 1,15,100, or 300 mg/kg bw per day for 13 weeks, the results demonstrated
the comparable toxicity of the acid, salts, and esters. The NOAEL was 15 mg acid-equivalent per kg
bw per day for all six oompounds.

Dogs were given gelatin capsules containing 2,4-D at 0,0.03,  1,3, or 10 mg/kg bw per day or diets
containing 2,4-D, the DMA salt, or the EH ester at acid-equivalent doses of 0, 0.5, 1, 3.75, or
7.5 mg/kg bw per day for 13 weeks. Treatment-related findings were observed in the three studies at
doses 2 3.0 mg/kg bw per day. The NOAEL was 1 .O mg acid-equivalent per kg bw per day in all three
studies.

In a two-year study of toxicity and carcinogenicity, mice were fed diets providing 2,4-D at doses
of 1,15, or 45 mg/kg bw per day. Increases in absolute and/or relative kidney weights and renal lesions
were observed at 15 and 45 mgikg bw per day. There was no evidence of carcinogenicity. The NOAEL
was 1 mg/kg bw per day.

In another two-year study of toxicity and carcinogenicity, mice were fed diets providing 2,4-D at
doses of 0,5,62.5,  or 125 mg/kg bw per day (males) or 0,5, 150, or 300 mg/kg bw per day (females).
Dose-related increases in absolute and/or relative kidney weights and renal lesions were seen in animals
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Toxicological criteria for estimating guidance values for dietary and non-dietary exposure to
2,4-dichlorophenoxyacetic  acid (2,4-D) and its amine salts and esters

Exposure Relevant’route, study type, species Results, remarks

Short-term (l-7 days) Oral, toxicity, rat, acid, salts, and esters
Dermal, toxrcity,  rabbit, acid, salts, and esters
Inhalation, toxicity, rat, acid, salts, and esters
Dermal, irritation, rabbit, acid, salts, and esters
Ocular, irritation, rabbit, acid, salts, and esters
Dermal, sensitization, guinea-pig, acid,
salts, and esters

Medium-term (l-26 weeks)

Oral, single dose, neurotoxicity, rat, acid

Dietary, 3 months, toxicity, mouse

Dietary, 3 months, toxicity, rat

Dietary, 3 months, toxicity, rat, salts and esters

Dietary or capsule, 3 months, toxicity, dog

Dermal, 21 days, repeated dose, rabbit, acid,
salts and esters
Dietary, 2 generations reproductive toxicity,
rat

Oral (gavage), developmental toxicity, rat

Oral (gavage), developmental toxicity, rat,
salts and esters

Oral (gavage), developmental toxicity, rabbit

Oral (gavage), developmental toxicity, rabbit,
salts and esters

Long-term (2 1 year) Dietary, 2 years, toxicity and carcinogenicity,
mouse
Dietary, 2 years, toxicity and carcinogenicity,
rat
Dietary, 1 year, toxicity, dog

LD,, = 400-2000 mg/kg  bw
LDY,  > 2ooO mg/kg bw
LC,, > 0.84-5.4 mg/lltre
Not irritating
Severely irritating
Not sensitizing

NOAEL = 75 mg/kg bw

NOAEL = 15 mg/kg  bw per day, renal
toxicity
NOAEL = 1 mg/kg  bw per day, renal
lesions
NOAEL = 15 mg acid-equivalent / kg bw
per day, renal toxicity
NOAEL = 1 mg acid-equivalent/kg bw
per day, reduced body-weight gain and
other systemic toxicity
N?AEL  = 1000 mg acid-equivalent/kg
bw per day, highest dose tested
NOAEL = 5 mg/kg bw per day, reduced
body weights in F, dams and renal
lesions in F, and F, adults
NOAEL = 25 mg/kg  bw per day,
maternal and developmental toxicity
NOAEL = 10 mg acid-equivalent/kg bw
per day for maternal toxicity; 50 mg acid-
equivalent /kg bw per day for developmental
toxicity
NOAEL = 30 mg/kg bw per day for
maternal toxicity; > 90 mg/kg  bw per day
for developmental toxicity
NOAEL = 10 mg acid-equivalent/kg bw
per day for maternal toxicity; > 90 mg acid-
equivalent/kg bw per day (highest dose
tested) for developmental toxicity

NOAEL = 5 mg/kg  bw per day, renal
effects; no evidence of carcinogenic@
NOAEL = 1 mg/kg  bw per day, renal
lesions; no evidence of carcinogenicity
NOAEL = 1 mg/kg bw per day, changes
in serum chemistry and lesions in
kidneys and liver
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