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Chemicals that challenge. the health will be unprofitable to
the nation, and will detract from the national productivity and
growth. One reaches this conclusion because the health costs are
simply so much larger. than any other economic gain that a chemical
could produce. :

For example, the United States spends 10.7 percent of the
entire Gross National Product, or $387 billion per year in 1984,
for medical care. It is an expenditure that dwarfs the total sales
of all agriculture, forestry, and fisheries, which in 1982 accounted
for $84 billion in national product. It dwarfs synthetic organic
pesticide sales,|which were only $4.7 billion in 1981, despite
high federal research subsidies and direct subsidies.

Diseases of the aging process are America's most expensive
medical problems. Rice and collegues estimated that the medical
and economic costs of cancer in 1980 totaled $51 billion per year.
The American Heart Association estimates heart disease, stroke,
and arteriosclerosis to cost the nation $51 billion a year in 1982,
and the National Institute of Health estimates senility to cost
$40 billion a year. 1In 1982, Americans over the age of ‘65 were
spending $106 billion a year for hospital care.

Childhood diseases are also expensive. We estimate birth
defect medical costs to total $14 billion a year, as of 1980.
Learning disabililities and mental retardation cost the nation
considerably more than $14 billion a year, if economic productivity
costs are also included - in an age where education and working
smart are essential.

Alternatives to Pesticides

The economic justification of taking health risks with
pesticides diminishes even further in face of the widespread
bankruptcy of farmers, and the need to cut back on chemical inputs
to reduce costs, maintain competitiveness, and increase profit margi
Based on the results of years of research into alternative farming
methods such as integrated pest management, many experts conclude
that a large percentage (50 percent or more) of the use of synthetic
organic pesticides represents economic waste to the nation because
it increases farm costs without bringing farming advantages such
as better control of pests. .

‘ In the case of homeowners and other users, exposure rates

to hazardous pesticides can pose major health problems. Furthermore
little national product is produced by cosmetic spraying of home
plantings, and there are good alternatives. For example, the lawn
is believed to be the easiest home planting to manage without

any herbicide by experts who research alternatives.

a*THE CASE OF 2,4-D: WHEN HUMAN STUDIES 'BECOME AVAILABLE

. As human studies become available on the health effects of
varlous toxic substances, it is generally acknowledged that it
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but al ‘ g an metabolism and inability to
query-laB8ratory animals about some symptoms produces some divergencs
in human and laboratory studies.

As Ruth Shearer wrote in 1981 about some of the acute effects
of 2,4-D in humans:

"Acute effects of 2,4-D in human include headache, weakness and rapid
fatigue, nausea and vomiting, diarrhea, burning eyes, sore throat with
burning in the chest, and impaired senses of taste and smell. Delayed
effects of acute exposure include numbness and pain in hands and feet,
.occasionally progressing to limb paralysis, and visual problems including
diplopia. Residual effects include continued numbness and pain in limbs,
chronic respiratory impairment, bleeding tendency including menstrual
problems, concentration and memory problems, and hypersensitivity to
.non-physiologic chemicals. All of these have lasted for years and have
been reported in cases of bystander exposure as well as user exposure.

Nearly all of these human symptoms are undetectable in laboratory rodents. -
Bleeding is detectable, however, and has been demonstrated in animals

given high doses of 2,4-D and in fetal rats whose mother was given very
low doses. Humans would be far more susceptible to such capillary injuries
resulting from depletion of tissue ascorbic acid content because the test
animals can synthesize ascorbic adid (Vitamin C) while human cannot.
Research has shown that ascorbic acid is used up in the detoxification of
organochlorine pesticides, and other studies have demonstrated that a

2,4-D family injury found at very lose dose in rodents is depletion of
ascorbic acid in spite of the fact that they are capable of replacing it

by synthesis.”" (Belova and Sokolova, 1971)

The large number of laboratory studies showing internal
bleeding in the animal and fetus are particularly important because
of the many human reports complaining about the-same problem.

We will come back to this issue in looking at birth defects and
abortions.

& CANCER AND 2,4-D

In the United States, 22 percent of all deaths were from
cancer in 1982, costing approximately $51 billion a year. 1In a
two step process of initiation and promotion, it really makes
little difference from the viewpoint of medical costs whether
the cancer is generated by initiation or promotion. Americans
are already exposed to a wide range of initiators.
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A health approach that aims to reduce the medical costs
of exposure to chemicals will look at the initiation and promotion
of cancer as equals. A good example of how expensive cancer
promotion can be is indicated by Blumer and Reich's paper on
lead exposure to Swiss residents from gasoline. Removal of lead
by EDTA chelation in high blood lead cases was found to reduce
cancer deaths from 17 percent of the population to only 1.7 percent
In other words, at high dosages lead permits the full expression
of latent cancers. :

Farmers are also exposed to a wide range of cancer initiators,
ranging from pesticides, to fertilizers, to viruses. Strange and
Krupicka in 1984 noted the possibility that nitrogen fertilizers
and the nitroso compounds generated from them, might explain some
of the higher leukemia rates in mid-western farmers. Obviously,
adding cancer promoters to such a situation will lead to problems.

The literature suggests that 2,4-D is both an initiator and
promoter of cancer. :

Non-Hodgkin's Lymphoma in Kansas Farmers Linked to 2,4-D

The recently published NCI study of Kansas farmers (Hoar et al
and their cancers and pesticide use, is only the last of a series
of human surveys linking 2,4-D and other chlorophenols to higher -
cancer rates.

In this case, a higher rate of non-Hodgkin's Lymphoma was
.found after 2,4-D exposure. It was significant that rates keyed
+to length of exposure and use of protective equipment. Farmers
reporting exposure to 2,4-D for more than 20 days in any year
had a 7.6 times greater risk of developing NHL as did nonfarmers.
- See table 1.

Previous human studies, largely from Scandinavia, have focused
on saoft tissue sarc ay malignant lymphoma (including Hodgkin's
Disease), nasal“and haSopharyngeal cancer, with colon cancer
used as a comparison. These are summarized in table 2. Balarajan
and Acheson in a 1984 survey of soft tissue sarcomas 10 Britain,

found that these sarcomas concentrate only in the category of farme:
farm manager, and market gardener, with a relative risk of 1.4,

We know from numerous studies of farmers that exposures to
chemicals and to livestock and poultry will elevate cancers. Farme:
tend to smoke and drink less than the population, which means that
it is essential to be specific in comparing cancer rates with the
general population, since lung cancer rates will be less - which
accounts for such a large portion of cancerideaths.

What is most instructive about the Swedish and other phenoxy
Studies is that they key to cancer types that are relatively rare
in the general population. Sharp elevation of rates in these rare
cancers makes the case much stronger that 2,4-D does cause cancer

' 9757
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"1-D and Non-Hodgkin's

vymphoma

Phenoxy Herbicides and

Cancers

Panel 1L |

*

! .
Table 1. ‘Non-Hodgkin's Lymphoma in Relation to Duration, Frequency, and Latency ol
2.4-Dichlorophenoxyacetic Acid Use

*Five controls had missing data.

1One patient and ten controls had unknown frequency of exposure.

$First available for use in 1942,

(Hoar et al)

No. of No. ot Odds Ratio (95%
Cases Controls Confidence Interval}
Never farmed ar 286 1.0
Duration of use,* y
1-5 3 16 1.3 (0.3,5.1)
6-15 7 . 22 2.5 (09,68
16-25 8 15 3.9 (1.4, 10.9)
=26 6 17 2.3 (0.7, 6.8)
x for trend 3.560 . eee
" P (one-tailed) 0002 . cee
Frequency of use,t d/y ' |
1-2\ 8 17 2.7 (09, 8.1) :
35 . 4 16 1.6 (0.4,5.7)
610 - 4 16 1.9 (0.5, 6.7) i
11-20 4 9 3.0 (0.7, 11.8)
=21 5 6 7.6 (1.8, 32.3)
X for trend 3733 . et
P (one-tailed) 0001 .o cee
First year of uset ’
1966 or later 5 21 1.9 (0.6, 6.0)
1956-1965 9 23 29 (11,72
1946-1955 8 24 2.1 (0.8, 5.6)
Belore 1948 2 2 6.2 (0.6, 65.3)
x for trend - 3.561 - .o
P (one-tailed) 0002 . .o

e o ——————— —————

———

Table 2. Risk Ratios (RR) in Cases Exposed to Phenoxy

Acids or CP in Swe

Cancer Type

Soft-Tissue Sarcoma
Northern Sweden
Southern Sweden

Malignant Lymphoma®
Hodgkin's Diseasec
Nasal, Nasopharyngeal Cancer

Colon Cancer

’p€0.01

bAn association was found with ex

RR equals 3.1

5.3
6.8
4.8
5.0
2.14
1.34

Organic solvents, RR equals 3.0
9Not significant. For all other RR, p<0.001.

(Adupted from Hardell)

dish Case-Control Studies Referred ,
to in the Text

Exposure
- Phenoxy High-grade :
Acids  Chlorophenols Reference -

6.6
3.3
8.4
6.5

. 6.7

1.84

Felil- I Y N

posure to organic solvents, .
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It is of particular concern in the case of 2,4-D, that
-t+he chemical is being used in the home and urban setting, as on
the lawn. This exposes a much larger population, most of whom
are not using protective equipment. In the Hoar study, excess
cancer rates were found in farmers who used 2,4-D for even 1-2
days per year. (Table 1) |

Animal Studies on Cancer

The laboratory studies are suggestive that 2,4-D has
51gn1flcant promotional capacity. For example, Archipov and
Kozlova in 1974, reported 2,4-D to be a promoter of skin cancer
in mice. Shearer notes that chlorinated catechols, a second-level
degradation product, is also a co-carcinogen. -

Shearer points out that the high incidence of tumors in the
control animals of the American studies of 2,4-D, (that is the
Hansen and Bionetic studies), makes it difficult to determine
whether the higher cancer in 2,4-D treated animals was due to
initiation or promotion.

Reuber's analysis of both studies show higher cancer rates,
with the lymphoreticular system most.sensitive.to.2,4 -D.cancer..in
mice and rats, but other organs also showing increases. Shearer —
suggests that there may have been some cancer initiators in the
testing laboratories, such as nitrosomines in the .feed, that might
explain the cancer rates in the control animals. €0Only a small.

amount of 1n1t1ator is needed where there is a strong promoter.;
. &

In June 1986, the Environmental Protection Agency disclosed
that 2.4zD.had produced a rare braln tumor at hlgh dose (40 mg/kg)
in male rats. ;

Immune System and Cancers

Hardell suggested that the association between phenoxyacetic
acid herbicides and Non-Hodgkin's Lymphoma might have biologic
plausibility through the relationship between dioxin contaminants
and the immune system. Cancer promotional properties of chemicals
probably have immune system aspects 1n general, though the study

: For example, '

‘Very little information is available concerning the 1mpact
of 2,4-D and its associated dlox1nsk other contaminants, and
breakdown products on the immune system. It has long been known
that the TCDD dioxin can cause thymus atrophy in all mammalian
species studied, and cause immunosuppression at levels too low
to produce clinical or pathological changes, with the greatest
1mpact from perlnatal exposure.

'r

The recent findings at the Quail Run Mobile Home Park in
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Gray Summit, Missouri that exposures to TCDD depresses immune
response in humans confirms these laboratory studies. But, even
here the entire range of immune response was not measured, such

as natural killer cell levels. The Quail Run findings would
suggest higher eventual rates of infection and auto-immune disease
among the exposed population, as similar immune system depressions
have produced in other populations. Less is known about the
significance of abnormal T-cell ratios and loss of T-cell functionin
to cancer rates. (See panel 2.) : '

For 2,4-D we will have to wait until adequate studies are
completed. :

MUTATION AND 2,4-D

The capacity of chemicals to cause mutation bears upon
their capacity to initiate cancers or cause genetic based birth
defects. Shearer concludes in 1981 from the literature at that time

"2,4-D causes point mutations in animal cells without liver activation,
damages DNA in a manner similar to ionizing radiation, and stimulates
mitosis. It does not cause chromosome breakage or nondisjunction."

Newer work changes this conclusion somewhat. A 1985 article
by Turkula and Jalal finds that 2,4-D in cultured human lymphocytes
causes a highly significant increase in sister chromatid exchanges
at a 50 ug/ml dosage. Dosages of 100 and 250 ug/ml elevated -
SCE, but not significantly.

, : Table 3 .Rates of sister chromatid exchangesin
human lymphocytes exposed to 2,4-D (based on
analysis of 50 cclls for the control
and cach treatment)

Concentration Mean no. SCE
pg/mi - perecell
DMSO 7.02

50 9.8/4.27++
100 8.32
250 8.36
t tablc? 2.68
F table! 6.11%*+
df oo
F table! 5.42%0¢

** Significance at P < 0.05; *** P < 0.00}

1 Duncan’s ¢ value, which the treatment 7 value (10
the right of the /) must equal or exceed to be statisti-
cally significant

$ Value from ANOVA of sister chromatid exchanges
from 2,4-D treatments

§ F table value for the corresponding df

The authors suggest that at the dosages higher than 50ug/ml,
a high proportion of the cells may be so affected that they do
not enter the division phase and fail to survive. They also suggest
that the disparities among some of the 2,4-D mutation studies nmight
be explained by Seiler's observation that 2,4-D may metabolize

|197¢0 %2



Panel 2

Some health effects associated with immune system depression
typical of TCDD dioxin exposures

TABLE- 4. » :
Main experimental immunological discases {
T —————— !
Effect of neonatal | Effect of :
thymectomy bursectomy !
Spomz.ncous discases . , -
New Zealand Black (mouse) dmse Sl een ... aggravatest . oo - ‘
MRL/! lupus . Sy e prevents® - - |
BXSBlupus -~ T LI .o aggravates® - i
Aleutian mink disease - - T . not known - !
obese chicken thyroiditis . . aggravatesd prevents* i
Inducible discases
experimental allergic encephalomyelitis ) prevents’ no cffects
lymphochoriomeningitis . o . prevents® -

*Howic and Helyer, 1966.

®Steinberg et al., 1980.

*Smith et al., 1983.

4Wick et al., 1970a; Welch et al 1973. . -
*Wick et al., 1970b. :
fArmason et al., 1962; Jankovic and Isvaneski, 1963

*Jankovic and Isvaneski, 1963.

*Rowe et al., 1963.

TABLE 5.

Relative dependence of infections on B and T cell function

G Y (J

Bacterial infections streptococci* Mycobacterium tuberculosis®
: staphylococci* Salmonelia

pneumococci* Treponema®
Hemophilus influenzae*

Viral infections enteroviruses “herpesvirus (herpes simplex,
(coxsacki)b< cytomegalovirus, zoster*<)
togaviruses ' .
poliovirus* pox virus (vaccine) . N

measles?, mumps, influcnza virus -

fungal infections Candida*, Monilia*, Cryptococcus™®

Parasite infections malaria© Preumocystis carinii*, malariac, As-
pergillus
trypanosomiasis leishmaniasis, Chagas disease

Data obtained on the following lines of evidence:
* relative incidence in children with T or B cell
immuno deficiency, or in adults with Hodgkin's disease (T cell deficiency)
(Allison, 1972, 1973; Good et al., 1971).
®high incidence of infections in ALS-treated mice (see Chapter 6).
© protection by antibody (B cells) or sensitized cells (T cells) in mice irradiated or treated w:lh hlgh dosa

of cyclophosphamide (Allison, 1973). .
19761 - et



differently, to produce in some cases a herbicide- -protein transport
complex that is more potent biologically than free 2,4-D, or
to produce through hyroxylatlon inactive metabolltes.

In 1979, Sellex§reported on his findings that 2,4-D and
other phenoxy herbicides caused inhibition of testlcular DNA
synthesis as noted by the table below. 2,4-D at 200 mg/kg
produced a 29 percent inhibition, which is relatively mild compared
to the MCPA. Seiler called for more cancer tests, based upon
these findings.

RESULTS and DISCUSSION

Of the five phenoxyacids tested four yielded positive results, !
i.e. they depressed thymidine uptake significantly. Only 2,4-DP
was not significantly positive (see Table 1). As there exists a
high correlation between inhibition of testicular DNA synthesis
and carcinogenicity by a chemical agent, the question arises imme-
diately, whether phenoxyacids should be suspected of carcinogenic
act1v1ty. .

TABLE 6. . g

Inhibition of testicular DNA synthesis by various phenoxy acids

i

Compound Concentration (ng/ke Inhibition (%) p <
2,4-D 200 29 0.05
2,4-DP ‘ 200 14 - |
‘ o i
2,4, 5 T-acld 200 %9 0.05
2,4, S-T—lsooctylester 400 44 0.01
200 31 0.05
100 10 -
" - 50 1 -
MCPA , 200 ‘ 54 " 0.01
1ICPP 200 60 0.01

(9762~



Seiler's review of the literature on the mutation properties
of the phenoxies other than 2,4,5-T, in 1978, concluded that
the phenoxy acids do influence nucleic acids and their synthesis,
are weak mutagens in many different test systems, though there were
some negative tests. He concludes that exposure to people
handling the material would pose the most risk, noting the findings
of Yoder of chromosome breakage in people exposed during the
spray season, frank mutations in fruit flies, and increased reports
of cancers in workers. Seller concludes:

"Thus these compounds are not the absolutely harmless and innocuous
substances as which they have been described..."

. Like Turkula and Jala, Pilinskdya in 1974 also found positive
results in human lymphocyte cultures, with .002 to 50 ug/ml dosages
Only at the lowest levels were no effects found, with no further
increases in damage noted above .2 ug/ml. Chromatld type aberratic
prevailed over chromosome at a 4 to 1 ratio. Ahmed's study of SV-¢
transformed human flbroblast repair synthesis found 2,4-D to act
imilarly to r dlatlon. b o

|Yoder foun@wchromatld gans and breaks in workers to follow
W AT

the %graxﬁggagggw&gmg hp, with mean number of chromatid breaks
rlslng more than four fold, and also the maximal number of
aberrations scored in a single person (25 cells) rising from 3 to

6. D and amitrole were the two most frequently used herbicides

' Confirrming these studies is a Russian study (Belova and Soklot
- 1971, showing a. loss of fertility in both sexes of rats after
relatively low dosages of 2,4-D butyric acid (a herbicide in the

2,4-D family). Impaired fertility was also found in the flrst
_generation progeny.

In the third generation, there was a 12 percent incidence
of hairless and a 15 percent incidence of dwarf young among the
newborn rats, indicating!induction of recessive mutations in the
germ cells of the treated grandparents.

m BIRTH DEFECTS, SPONTANEOUS ABORTIONS, REPRODUCTIVE PROBLEMS
AND 2,4-D

In August 1979, a group of women from Tidewater, Oregon
wrote a letter to the Environmental Protection Agency to complain
about a series of miscarriages, after the U.S. Forest Service
sprayed 2,4-D and Tordon 101 (2,4-D and picloram), by aerial
application. There were some other symptoms:

..Between May 25 and June 2, three of "the only five women known to
be pregnant in the valley had spontaneous abortions. All three women
were treated by physicians and were in the first trimester of pregnancy.
The two surviving pregnancies were in the later stages of gestation...
All three women live within one mile of heavily sprayed units.

19763
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Since May 12, the health of the population of our valley has undergone
profound and disturbing changes. Chief among these has been the incidence
of respiratory illness and intestinal disorders in almost every household.
Several women experience uterine hemorrhaging not associated with pregnancy
Children and adults suffered bleeding gums, bloody noses, and a number of
women suffered from bacterial vaginal infections. Ten children and three
adults have suffered an undiagnosed illness characterized chiefly by high
fever; two children and two adults had undiagnosed rashes that doctors
were unable to explain, and on July 9 occurred one near-fatal case of
meningococcal menengitis in a two-year-old who is still hospitalized..."

Numerous other cases of spontaneous abortion associated with
2,4-D exposure were reported, as well as other similar symptoms
such as bleeding. In April 1980, a group of women from Ashford,
Washington for example, also wrote to E.P.A. as noted in Panel. 3.
A group of factory reports note similar symptoms such as bleeding
among workers. .

Ruth Shearer, as already noted4 attributes the bleeding to
vitamin C depletlon related to the metabolism of 2,4-D, which
happens also in numerous laboratory animal studies despite the
capacity of these animals to manufacturer their own ascorbic acid.

Depletion of vitamins can also be a source of birth defects
such as neural tube defects. Smithell and collegues in three

* human studies find that depletion of folate, vitamin C and riboflavc

is associated with mothers who have 'given birth to neural tube
deformed children, and that simple vitamin supplementation can

reduce future neural tube rates from 5 percent to 1 percent.
2,4,5-T has been shown to cause neural tube birth defects, but
little seems to be known about 2,4-D and human pregnancies outside

of the many reports that have been received.

The Environmental Protection Agency undertook. the Five Rivers
Health Study to investigate the reports of human fetal abortions
in Oregon, but never issued a report. Correspondence presented
in the court. -cas L Merrell v Block, suggests government awareness
of a problem. Dr. ara v of the Health Department of Lincoln
requested a delay in fall derial spray due to the preliminary
results of the Five River Health Study that noted health hlstorles
confirming the symptoms of bleeding and abortions.

The ban on herbicide use by federal agencies in Oregon and
aerial spray of herbicides nationally has reduced exposures to
2,4-D in spray areas where there are significant populations, and
reduced the number of adverse health reports. ‘

Laboratory Findings About Developmental Toxicology

Shearer reviewed the few studies available on developmental
toxicity, and concluded that 2,4-D does cause malformation,
malfunction particularly through internal bleeding, growth retardat
and lethality. Panel 4.summarizes her conclusions in 1980. 2,4-D
easily crosses the placenta. .
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Panel 3

Letter to E.P.A. from Ashford, Washington Complaining About
Health Effects from 2,4-D Spray Drift, April 1980

"In early autumn of 1979, Ashford had eight pregnant women, a ninth lived
thirteen miles away but traveled the common road through Ashford, and a
tenth pregnant woman was a roadside mail handler... From Sept.

~March, 1 80...gight of these ten women suffered misc:
miscarriages were determined to most closely. résembie 'm mole
one of these two was atypical of a true mole. (The lab at Duke Universily was
‘not 100% certain, as it met one of the three criteria but not fully the other
two). third miscarriage was a'defqpmei.fg;pgﬁ and the others were lost too
early to determine ‘any deformation if it existed..."

The women noted similar effects in animals of the area, and
attributed the health problems to timber and highway spraying

Worker Reports With Similar Medical Problems
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Elina wa v e

Ufim. Inst.wdig.iéroizabol;._dié. USSR
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Effect of products of organochlorine herbicide'prbduction on

specific functions of the female body_

CAs087,106184Z .. .

Gig. Tr. Sostoyanie Spetsificheskik

Khim. Prom-sti.; 19745187-90
Russ s : '

CBAC ; COPYRIGHT: CHEM ABS

hydrocarbons in concns.
(94-75-7 2,4-p)
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Funkts. Rab. Neftekhim.
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Workers of orxrganochlorine herbicide
prodn. of the 2,4-D family, are exposed to chlorinatead
3 exceeding max.
Substantial impairment of menstrual and

adirissible concns. (MAC).

child-bearing function arise manifested as higher rate of
miscarriages., premature births, toxicosis of second half of

pregnancy, and the menace of miscarriages
Sanitary-hygienic recommendations

reriod.

79-2080.  Bezuglyi, V. P.; Fokina, K. V_; Komarova, L. L.;
Sivitskaia, L. L; II'ina, V. 1.; Gorskaia, N. Z. (Inst. Toxicol.
& Hyg. Pestic. Polym. & Plast., Kiev, USSR) Klinika ot-
dalennykh posledstvii ostrogo otravleniia 2,4-dikhloro fenok-
siuksusnoi kislotoi. [Clinical manifestations of long-term se-
quels of acute poisoning with 2 4-dichloro phenoxyacetic
acid.] Gig. Tr. Prof. Zabol. (3). 47-48; 1979. (Russian)

A group of 11 female field workers who had deve-
loped symptoms of acute poisoning after exposure to the her-

bicide 2,4-dichloro pheoxyacetic acid (2.4-D). were fol- |
lowed-for 2 yr. At the initial examination the patients !
complained of periodic headache, vertigo (7), fatigue, numb-

ness and pain in legs and arms, irritability (5) and partial

during whole pregnancy
are discussed.

amnesia (2). All patients had cardiac pain, six patients fea-
tured palpitation and five had marked dyspnea. Within 1-1.5
mo of poisoning 9/11 patients developed oligomenorrhea (in
7 women the menstrual cycle normalized within 5-6 mo). Six
patients had mono- and lymphocytosis, while all patients had
statistically significant decreases in the activity of a series of
oxidative enzymes of the peripheral blood leukocytes. Two
patients had chronic toxic hepatitis, 9 developed enca-
ph:{lopolyncuritis, myocardiodystrophy and vascular dys-
tonia, and 8 patients had chronic conjunctivitis,

(EPA Pesticide Abstracts,
Vol. 12, No. 9, Sept. 1979) !
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on -D @ 1 Toxicit
Shearer's Conclusions Abogt 2,4-D and Developmenta Y

. 2. Conclusions

The four manifestations of developmental toxicity have all been
demonstrated 'in animals treated with 2,4-D or its esters or amines.

Malformafion: skeletal at high dose (60 mg/kg/day or.abbve), g:?
peripheral circulatory system distended at low dose (0.1 mg/kg/day)
and after single high dose (1/2 LDsg), eye anomalies at 100 mg/kg/day.

"."Malfunction: subcutaneous edema at 12.5 mg/kg/day‘and'abéve, -
hemorrhage into soft tissues_anqhbody cavities from 50 mg/kg/day to ..
0.5 mg/kg/day. e K ‘~ Lo _., ~_ ;...-.;_ ) . -: j:- - . . "‘Vz".v ‘_w*" . o .,‘.-. --'.. T 2:‘.;

Gtowthvggta;4qtiqg: prenatal at 0.5 mg/kg/day and above.: Post~
natal after 50 mg/kg/day or when treatment continued during lactation.

- wlethality: pre-implantation not reported. Post-implantation at :i-.
100 mg/kg/day and above, or after a single high dose (1/2 LDgq) . T
Postnatal in progeny of rats fed 150 mg/kg/day, or in a pig fed 500
ppm. - Lo e SR o

3

77 The above summary includes both oral and intraperitoneal .
treatment. 2,4-D is rapidly and completely absorbed from the gastro-
intestinal tract and is not metabolized in animals, so the serum con-
centrations should be similar by the two routes. Erne, 1966, has
demonstrated the ease of placental transfer of 2,4-D in ‘the pig.
2,4-D also rapidly penetrates the placenta in rats; 24 hours after a
single dose, 16,8% of that dose remains in the .uterus, placentas,

. The effect of 2,4-D on the circulatory system was synergistic

- with that of its microbial breakdown product, 2,4~dichlorophenol.
When the customary 100-fold safety factor is applied to the effective
dose (Wilson, 1973, p. 156), the acceptable tolerance is equivalent to

a 50 kg woman drinking 40 ml of treated water (2.5 ppm) daily during ..
early pregnancy at a time when 50% of the 2,4-D has peen degraded to .-
2,4-dichlorophenol. The situation is not quite that simple, however,
because breakdown continues to other untested compounds, and part of
‘the 2,4-D would be degraded in plants where 2,4-dichlorophenol is not
part of that pathway (Ashton and Crafts, 1973). . ..

"Many of the studies reported here'ﬁere done in other countries,
raising the question of the similarity of synthesis and contaminants,
No studies indicated that the synthesis and purity of these products .
is different elsewhere. 2,4-D caused developmental toxicity in all ...
four species tested, includi es, It is
| - st stswnsaigsirhont G ). denlees =L LOUnd. 1n TR 130

interesting

feren n
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Shearer, 1980

=23~ (97¢ G



The Environmental Protection Agency summary of the
literature is particularly interesting in showing the same
internal bleeding (edema) and hemorrhaging,problem in many

laboratory animal experiments where 2,4-D was the pesticide under
study.

One of the more interesting studies is that of Konstantinova
in 1976, showing a synergistic interaction of 2,4-D and its
microbial breakdown product, 2,4-Dichlorophenol. Significant
effects were shown at a dosage of only .1 mg/kg/day.

"...the action of 2,4-D alone in the highest dose tested.(50 mg/kg) produc
an increase in the overall number of defective fetuses...for the most

part embryos with hemorrhages of varing degree and localization (primarily
in the thoracic and abdominal cavities, liver and soft tissue...)...

' The administration of 2,4-Dph (breakdown product of 2,4~D) alone to the
pregnant rats in the highest of the tested doses (1 mg/kg) also increased
the total number of defective fetuses... due entirely to hemorrhaging in
the organs and tissues... At the same time, the combined administration
of the lowest dose of 2,4-D and 2,4-Dph (.1 and .1 mg/kg) which did not
produce an effect when administered separately, increased the number of
fetuses with hemorrhaging cavities, organs, and soft tissues..."

The laboratory animals are bleeding, just like the humans
who have complained in Spray areas, and there appears to be birth
defects by a mechanical type of action and membrane damage. Doses
are very low in the combined test.

Schwetz et al in 1 L. found that internal bleeding in fetal
rats occured at 12.5 mg/kg/day with 2,4-D. Shearer notes that
with a factor of 100 for safety, a pregnant woman would have to
drink only 1/6 cup a day from a lake treated for weeks with 2,4-D.
As already noted, frank mutations were shown by Belova and
Soklova to occur in laboratory animals after éxposure to 2,4-D_
butyric acid. A number of studies show skeletal and eye defects
to occur where dosages are close to maternal toxicity. But,
malfunction of the circulatory system is seen after very low
dosages. '

Finally, Diane Courtney's 1975 study of CD-1 mice showed that
2:4-D could produce cleft palates, as well as affecting fetal
weight and Prenatal development. It was found that: "In general
the greatest effects of 2,4-D were produced by low doses administe:
over long time periods."™ When 2,4-D was administered with corn
oil, the major effect was on fetal weight, and when administered
with DSMO, fetal mortality increased.

Farm Animal Studies and Reports

Similar effects and also adverse effects on fertility have
been reported to use in goats, horses, and other farm animals.

(9767
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There is at least one farm animal study, showing increases
in spontaneous abortion, sterility, and decrease of fertility
of male sheep grazed on 2,4-D sprayed pastures. We are told that
farmers are advised not to graze right after spray with 2,4-D
because of these problems.

"...As a result of our farm.gxpgrimggps,_ipwgas:establiShed_thatwbuty}
2,4-D had 4 particularly harmful effect on animals (sheep) grazed on spra
pastires on consuming feed from these pastures during the first ten days
after spraying with this herbicide. This effect manifested itself in °
spontaneous abortions, mummification of the fetuses, high sterility, a
large number of stillborn lambs, and a decrease in the sexual activity
of the males and the quality of the sperm. Therefore, in order to
prevent the harmful effect on the reproductive functions of animals, the
grazing of all species of animals on pastures sprayed with herbicides
should be prohibited during the first 20 days after spraying, with an
increase in the quarantine period to 45 days for the suckling offspring.”
(sadykov, 1972)

NEUROLOGICAL EFFECTS OF 2,4-D IN ADULTS

Agents that have adverse effects on the neurology of adults
often have even more severe effects on the fetus and infant. We
will look at the issue of learning disabilities and retardation
later.

A series of cases of severe peripheral neuropathy due to
skin exposure to 2,4-D led to a Hazard Alert being issued by the
California Department of Health Services in June 1980. A number
of other cases has also been reported.

The Department notes that "a number of points favor the role
of 2,4-D as a primary neurotoxin”. 'It was noted that the mechanis
was not known, though many neurotoxins interfere with an essential
nutrient such as Vitamin B6. ‘

The Department recommended a change in the label of 2,4-D,

including the words: ' "Permanent Nerve Damage May Result After
Skin Contact".

Possible linkage of 2,4-D with cropduster crashes in the
middle West was noted by Mounce and Savage in 1973. 1In severe

cases of exposure to 2,4-D as in suicide, demyelination of the
nerves were noted.

Loss of Nerve Conduction Velocity in Adults

Of even greater concern than the number of extreme cases
is the report of Raymond Singer et al in 1982, concerning the
loss of nerve velocity in 56 workers employed in the manufacture
of 2,4,5-T and 2,4-D. As the table below shows, there was a
slowing of conduction in median motor, median sensory, and sural
nerves - a change that held up after controlling for alcohol and
other neurotoxic agents. Duration of employment was significantly

correlated.
19763 FHS+



The sural nerve has a long fiber length, less myelination,
and small diameter, and has been shown by other studies Fo be
susceptible to disruption of normal nervous tissue function and
metabolism. ‘

* NCV AND EXPOSURE TO PHENOXY HERBICIDE

: TABLE 7-! ] !
MEAN NERVE CONDUCTION VELOCITIES OF STUDY VERSUS ConTroL Groups® i

-Mean . Prob. ¢ :
Nerve ) Group N Z value SD t (one-tailed) :
Median motor ' . l
Study 44 0.11 1.17 2.29 ©0.01 !
‘Control 25 092 102 L
Median sensory ; :
Study 44 -0.23 1.06 1.01 ©..0.15 ’ ;
Control . 23 0.04 0.81 S o !
Sural ) - ;
Study 41 211 1.17 4.58 . - 0.0001
Control 20 ~0.52 1.62

" Based upon Z values which represent the velocity expected on the basis of age subtracted from
the temperature corrected observed velocity, divided by the standard deviation. Nine subjects with
possibly significant previous exposure to neurotoxic agents were removed.

It was noted by the authors that although dioxins were
involved here, the significant findings may also be due to 2,4-D.
The study sudggests that exposures to 2,4-D that do not involve
gross neuropathies can produce a general loss of vitality of

an exposed population and loss of a range of nerve function.

‘ While Dow maintains that their laboratory studies do not
. show neuropathy in laboratory animals, when so many human examples

are available, we really do not have to guess anymore about the
problem.

J“Laboratory Studies

There are a number of interesting laboratory findings.
Elo et al reported that 2,4-D exposure impaired the functioning
of the blood-brain barrier in rats during poisoning, in that
blood cells appear in the cerebrospinal fluid as a result of
capillary injuries.

Desi et al reports that several effects occur in laboratory
rats, cats, and dogs:

1. There is an inhibition of cerebral electrical activity in acute and
chronic 2,4-D exposures, with severe damage to higher nervous activity
occuring, as measured by conditioned reflex experiments;

2. This occurs without obvious structural changes in nerve cells;
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3. Spinal cord damage may be responsible for paralysis in extremities;

4. 1t must be assumed that human subjects may suffer milder disturbance
. from smaller doses in function of the nervous system.

In summary, it needs to be pointed out that chemicals that
cause a debilitation of nervous system response in adults and
a loss of vitality will have some significantly adverse economic
effects for the nation.

LEARNING DISABILITIES AND 2,4-D

It has long been known that the phenoxy acids interfere with
" the turnover rate and distribution of thyroid hormones (Florsheim
et al, 1963). 2,4-D is known to enhance the incorporation of
radioiodine into the thyroid gland (Kiltgaard et al, 1951 and
Florsheim and Velcoff, 1962) and competes with thyroxine for
binding to plasma carrier proteins.

Chemical exposures that cause hyper- or hypo-thyroidism
have been shown to lead to learning disabilities and in extreme
cases to mental retardation, where exposure to that chemical
takes place either during pregnancy or during early childhood.
For example, as Sjoden and Soderberg noted:

"...It is, therefore, obvious that all procedures that induce endocrine
disturbances (of hormone levels, distribution or tissue response) in
utéro or shortly after birth may be followed by permanent defects in
Pphysiological parameters and(behav1or. Such effects are ea511y over10(
by classical teratolog1sts.

Sjoden and Soderberg's experiments found that the phénoxy
herbicide 2,4,5-T had some significant effects on thyroid functic

", ..However, we are already justified in claiming that 2,4,5-T has
permanent effects on the thyroid, inducing increased thyroid activity
at birth; although a steeper fall in activity is observed with advancir
age in treated than in control animals... In this way, treated animals
develop hypothyroidism, and 2,4,5-T thus accelerates the rate of aging
of this physiological function. Aging of the thyroid system has also
been found in man. (Wahlin et al, 1975) The effects of 2,4,5-T on
thyr01d act1V1ty shows a sexual d1morphlsm, having a stronger reaction
"in females than in the males. This is of interest in . view of the
well-known excess morbidity among women in relation to thyroid and

to manic-depressive diseases."

The authors' laboratory studies found the following effects:
1. behavioral teratology in rats from a single prenatal exposure
to 2,4,5-T towards the first week of pregnancy - leading to a
long-term change in behavioral and learning functions well into
adult age of the offspring, as measured by swimming maze tests
and conditioning active avoidance tests; (Dose was 100 mg/kg on
the 8th day), 2. strong effect on taste aversion at dosages
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above 15 mg/kg, and higher order conditioning of taste aversion;
3. transient inhibition of food and water intake and widespread
change in electrolyte distribution, with strongest effect on
brain and kidney; 4. enhancement of the transport of tryptophanc
into the brain; 5. offsprlng of 2,4,5-T treated animals show1ng
- changes in weight development thyr01d act1v1ty, and brain
‘serotonln, which correlated with behavioral changes.

In summary, while exhaustive testlng of this nature has
not been done for 2,4-D, we can expect in view of its thyroid
activity and 51m11ar chemical structure to be a .strong candldate
as a learnlng dlsablllty agent in animals and humans.

The Dioxin and Liver Enzyme Issue

In our review of the literature, we have found that chemicals

- that induce liver enzymes as a class appear to produce learning
disabilities. For example, TCDD dioxin is a strong liver enzyme
inducer, and also has been shown to causé ‘hypothyroidism. (Rozman
shows that the wasting syndrome is modulated by the thyroid.) PBB's
cause ‘liver enzyme induction and hypothyr01d1sm as another example.
The 2,4-D dlox1ns may act 51m11arly on liver induction.

Alcohol and phenobarbital are examples of liver enzyme
inducers that have been shown to cause learnlng disabilities in
human children exposed in utero, as is PCB's.

Furthermore, induction of liver enzymes during pregnancy.
has been shown to cause 1nfert111ty in the offsprlng. A good
‘example is phensbarbital, used in epllepsy treatment, which causes
both learning disabilities and infertility in both male and

female animals. The learning disabilities are confirmed in human
children and there are indications of. infertility in humans as

a result of phenobarbital exposure in utero.

Microneuronal Hypoplasia

Joseph Altman has looked at one of the mechanisms of learning
disabilities, which is depletion of the microneurons, when exposure
to a substance takes place late in pregnancy or early childhood
as through contaminated milk. In contrast, early toxic exposures
that deplete the macro or meso-neurons can lead to profound
retardation and motor dlfflcultles.'

Hypo- and hyper-thyroidism and liver enzyme inducers can
produce these neuron deficits. And in summary, 2,4-D is a strong
candidate as a chemical that will produce learnlng disabilities.
where exposure takes place during pregnancy or in early chlldhood
Furthermore, thyr01d malfunctlonlng can affect the myelination
of the brain in children. Dudley in 1972, reported extensive
demyelination of the brain in the case of a man who died from
1ngested 2,4-D - a case that resembled multiple schlerosis. As
is so often the case, where serious neurological problems are’
found in the adult, similar effects may be found in the child

t h 1 d .
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a OTHER HEALTH ISSUES AND FIELD SURVEYS

Heart Disease and Stroke

Little information seems available concerning the effect
of 2,4-D on heart disease and stroke. The capacity of the
chemlcal to damage the capillaries and cause 1nternal bleeding
would make it a candidate for stroke.

PCB's with its dioxins and dibenzofurans is known to elevate
blood pressure and increase cholesterol levels - making that
chemical a heart disease candidate. Possibly the dioxins and fura

- in general may have similar effects. '

Field Studies

Besides the reports from Alsea, Oregon and Ashford, Washingto
we have also two acute health effects surveys from Canada and
North Carolina. As is noted on the next page, farmers in Saskatch
found 2,4-D to be their most difficult chemical from the viewpoint
of health, with cumulative symptoms from one season to the next
leading farmers to stop spraying and contracting out. Nausea
to skin rashes were reported as can be seen.

A just completed study from North Carolina looks at the
symptoms of 85 people exposed to 2,4-D and Tordon 101 spray
drift from Boise Cascade timber tracts.

A statistically significant increase in respiratory problems
was found among people receiving the spray drift, along with
a number of other symptoms presented in the table. Adjustments
for age, sex, race, smoking status and education did not alter
these findings, and the symptoms were also associated with increas
exposure, in that the reactors remained in the spray drift area
for a longer time.

. -
DioXinsg

The production of chemicals contaminated with dioxins needs
to be discouraged, even if the dioxins are ostensibly removed
to some degree by the manufacture process. The manufacturer still
has to destroy the dioxins removed from the chemical, and there
is an additional problem of dioxin production during the distribut
and use phase. For example, burning of sprayed areas will generat

It appears that most Americans now have dioxins in their fat
at time of death, and human milk has become increasingly contamlna
with dlox1ns, as has flsh and some other food products.

The dioxin issue is sufficient cause by itself to discontinue

the production of 2,4-D. The enclosed summary of the dioxin issue
with regard to 2,4-D by Pollution Probe of Ottawa is enclosed.
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Panel 5

Most Americans become exposed to dioxins during their life.

' Table 8 .:—Comparison of the Levels of 2,3,7,8-Tetrachlorodibenzo-p-dioxin (Parts per Trillion) in

Adipose Tissue of Exposed and Controt Groups

. ' Exposed ’
Vanablo _ Controls fotal Recroational Resideatial Occupational |
‘N 57 _ ag 8 . 16 15
Arithmeticmean 7.4 79.7 80.8 211 . 136.2
. Median - 6.4 17.0 - 2385 145 24.7
’ Range 1.4-20.2 2.8-750 5.0-577 2.8-59.1 3.5-750 |
Geometric mean 64 218 248 153 29.8 i
Mean age, y (SD) 5§26 (15.7) 443 (13.7) 42.1 (147) 397 (14.9) 50.3 (9.8) .
% Men 35.1 61.5 ars 438 93.3 :
o

T R T S A S R SR

Table 9 - LComparison of the Adipose Tissue Concentrations of TCDD in Populations With No

]

Known TCDD Exposure* I’
PSRN L
Mean, Parts Range, Parts !
Source of Specimens N per Tllion per Trillion f
Present study: elective surgical patients in Missouri 57 6.4t -1.4-20.2 |
. Autopsy specimens from Ohio"’ . 6 e 5-12
' Autopsy specimens from St Louis'? and Canada” and
adipose from veterans® 6% 7.5 1-15
Autopsy specimens from sudden deaths in St Louis™ as 7.2¢ .
Autopsy specimens from Georgia and Utah' 35 7.1% 2.7-190
DT .
*TCOD indicates 2,3,7,8-tetrachlorodibenzo-p-dioxin. ,
tGeometric mean. v

$Combination of results from references 7, 12, and 13. Three results from persons known to have had

exposure to 2,4,5-trichlorophenol were excluded.

Dioxin Levels—Patterson et al

k97073
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Damage to Other Crops and the Environment

Numerous problems with 2,4-D drlft and vegetation damage
have been presented. The case of serious” ‘damage to grapes in
Washlngton State after long distance drift from wheat fields
in Oregon is an unsolved issue. It is fair to say that grapes
are a more expensive crop than wheat, and we can expect that 2,4-D
probably diminishes the total agrlcultural product in thls case.

Damage to sunflowers and cotton are other examples.

‘Damage to aquatic weeds from herb1c1de runoff in the
Chesapeake Bay has proven to be a serious’ problem, and causes
a significant decline in flshlng resources and the prosperity
of the flshlng industry. Here is another example of a reduction
of economic produce from drift and run-off.

Dioxin and PCB's contamination of the rockfish of the Chesapeak
Bay is believed to be a major factor in the sharp decline in
populations - leading to fishing moratoriums of recent years.

ay CONCLUSION

While our judgement must be qualitative at this time, there
is very good reason to conclude that 2,4-D is probably a net loser
to. the..national economy in view of the 51gn1f1cant health and
environmental problems associated with the herbicide. One could
,presume‘agalnst the further use of 2,4-D solely on the basis
of it 'elng a precursor and source of dlox1ns, since Americans

&have 2come sO contamlnated w1th dlox1ns over the past years.’_

However, even without this issue of dioxins, we think
that there are sufficient adverse health and environmental effecocts
of 2,4-D, even in a form purified of d10x1ns, to conclude that
the national economy is probably made poorer because of Lhe chem:cal
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APPENDIX viI. o HEALTH EFFECTS OF 2, 4-D A
o The follow1ng 1etter, repr\nted here for the 1nformat10n
. and 1nterest of the reader, was supplied to the panel in reply to
' a request for 1nformat1on on health effects of phenoxy herb1c1des

-

. TE‘[‘ PRAIRIE lNSTlTUTE OF ENVIRONMENTAL HEALTH

. gﬁ’o ;ﬁflne St., Eegma. Saskatchewan . . ) - Mﬁ.’tm‘s
ST ¢ 7 November 15. 1976. . . STp e DLl T T e e e
A T DO IR :;:r(c T T R L
53hEALTx‘errzcrs OF '2,4-D j,Qﬁj}_;,.ilzaﬁ;ia.;';;!L“uj"‘i-'ff-' -7

e 1- As far as I am aware there are no relxable statlstlcs relating to’ sl
"fif‘;» “2" the health effects of 2,4~D usage in Saskatchewan, where, in 1971 -
;o "3t was estimated that 70% of the cultivated acreage. of the provxnce

L .';~'_ was, sprayed wrth the herxbicide xn a year.v,a-

2. A small unidentlfled number of persons, malnly chlldren, have been
Cee T ,;T hospitalised with acute p01son1ng, circumstances unknown.

’ 3. Because of the w1despread use of the herbicrde 2, 4= D and because no

. -~ mechanism existed in Saskatchewan which identified agricultural

C e e . chemical poisoning, a general question was included in a questionairxe T
- . . used in 1969,1970 as part of a field survey of respzratory drseases . . L.

-and effects’ amongst farmers and grain elevator operators o

Q. 78. nave ‘you ever ‘had any i1l effects from working with "yes no - o
kS s Co ‘any agrrcultural chemical - - R ) 0 O g
. -o.So LT IPYES L N Lo _ - -
. - specify the chemlcal product : : -
) - - -describe the circumstances ' : : R
T (/,;~ o what were the effects_ s . S e
?_' A'. 4..20% of 3, 300 farmers and grain elevator operators surveyed, resporded .

-7 ! - yes to the question. Whilst the question was a general one, certain

K conclusions were drawn from it : : oo

a) farmers found 2,4-D the most troublesome chemlcal they used (it is
* _also the most wldely used)

'b) symptoms were confined to the season {ox tlme) of spraying and . .
’ ‘were. similar amongst farmers who complained of health effects

1) nausea, loss of appetite, loss of weight, occasional vomiting’

during the spraving season. 2) a skin rash in a small nunber
<:' £ rsons. 3) the symptons of one year often worse than

year beioreé leading to a significant number of farmers hav1nq to qgr"'—_
stop spraying themselves and contracting the spraying out.

5. The conclusions drawn from the questionaire are supported wbpnever

“health and safety problems are 1dent1fied and discussed at farmer/rural
meetings

- - . - - .

6. The significance of these observations in relation to long term
.effects is unknown; it appears to me that some farmers develop a
"y sensitivity to. the effects of 2,4-D (not necessarily the same thing

as an allergy) and that this sensitivity is enhanced wrth -Yepeated
exposure over time. g

0

‘C..A. R. Dennis

l9vr 5 19iee-
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Symptoms of North Carolina Residents Injured by 2,4-D and
‘Tordon 101 Spray Drift, (Tolbert)

Table 15. Association of Each Symptom Queried with Exposures
Results of Crude Analysis (Continued)

-

Observed

. _ Among C
E Symptom . Enposed | ERR Fo% _CI E-Value
) w?atigué' "9 2.1 (0.8, 5.2) . 0.089
~Breaking fingernails 'i 5 3.1 (0.8, 12.7) ‘ 0. 100

. Headaches | 10 1.9 (0.8, 4.7 C oo109

Chest pain ' . 4 3.7 (0.7, 20.0) 0.113

e Asthma 2 ?.3 (0.4, 191.6) | 0.120

# Hair loss = 5.6 - (0.6, S3.1) 0,123
Swollen eyes b 2.2 (0.7, 7.1) 0.141

s‘Cack of appetite S 2.3 (D6, B.D) 0. 165

Elood in urine = 2.8 (0.5, 16.5) Q.231
Bleeding gums 2 3.7 (0.3, 40.7) 0.279

Burning on breathing 2 S.6 (0.2, 135.3) 0.348

‘Easy bruising 1 5.6 (0.2, 135.5) 0.348
Faintiné 1 5.6 (0.2, 139.5) 0.348

Burning on urination 1 S.6 (0.2, 135.5) 0.348

fAching joints _ 1 0.8 _ (0.3, 2.4) 0.43%4

Seizures A O - - —
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,Table 15. Association of Each Symptom fuearied with Exposure:
Results of Crude Analyses

Observed , : Fisﬁer’s

Among Frecision—Based Exact Tes!

. Symptom -Exposed_ _BE_ ——2EA_CY_ E-Value .
Cough SERTRNS b 12.2 (2.8, 52.6) 0. 000
?%l-‘ Dif{icﬁlty breathingv- 13 12.2 ‘ (2.9, 52.6) o.ood
Eéﬁ' &Siﬁﬁs éongeéfion | ié v a2 . (1.8, 22.6) | 0.002

' Runny nose | 9 8.4 (1.9, 38.1)  0.002
& Swollen glands e 11.2 (1.4, 91.7) 0. 008
. Skin peeling 4 16.7 (0.9, 307.3) 0.014
Wheezing b 5.6 (1.2, 27.2)  0.023
Dizzinegss &6 5.4 (1.2, 27.2) 0.023
Blurred vision 4 2.8 (1.0, 7.6) | 0. 038
@UNaqseé ' 7 3.3 (1.0, 10.9) |  0.045
’ Hay fever 4 7.5 (o.é, 65.9) 0. 051
Constipation -~ - -~ - 4 7.5 (0.8, 65.9) 0. 051
# Vomitting , S 4.7 (0.9, 23.6 0. 052
& Skin rash - 9 T 2.4 (0.9, ._2) 0.059
Burning eyes 8 2.5 (D.?, 7.0) 0. 068
¢ Upset stomach 7 2.6 (0.9, 8.0) 0.077
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than 8000C) incineration, should be avoided. Also, dioxins -

fofm.more rapfd]y under alkaline conditios.

V. CONCLUSIONS

Increasing concern about the safety of 2,4-D has led to discontinuation -

of its use in numerous school boards in Ontario and in the c1t1es of Toronto
and Ottawa. 2,4-D has been shown to cause blrth defects and mutations in
.animals and is suspected of causing cancer, 0ccupat10na1 exposure of sprayers
and farmers has led to a var1ety of reported symptoms, the most serious
being para]ysxs Dioxin contam]nat1on of commerc1a1 products has been shown
and in add1t1on, format1on of d10x1ns from 2, 4 D v1a environmental processes
is p0531b1e ST ' B
Pract1ses of using herbﬁcides on lawns are primarily césmetic While
there are serious doubts on the safety of 2,4-D, both for the short and long
term health of sprayers and of those who use the parks, the most reasonable
course of action is to continue to suspend herbicide use in these areas.
Introduction of any alternative herbicide should not be begun w1thout a
thorough safety analysis and pub]lc discussion.

VI. RECOMMENDATIONS

i 1. That the City of Ottawa continue its suspension of all herbicide spraying
programs. '

2. That fert111zat10n, aerat1on and reseeding programs with hardy grasses be
tried in selected areas on an experimental bas1s with costs being
estimated for large-scale-.application.

3. That the quality of lawns be monitored and reported on yearly fo the
Environmental Advisory Committee.
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