RESIDUES IN THE ENVIRONMENT

Soils
In monitoring surveys conducted by the Agriculture Research
Services, USDA, six study areas revéaled that soil residues of

2,4=-D were minor. Only four soil samples (average concentration

i )
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of 0.032 ppm) were positive for 2,4-D residue. In another
survey, 99 soil samples were collected from wheat fields in -
16 statés with known histories of 2,4-D use. Analysié rgvealed
only four samples_coﬁtainéd mea;urable fesidues'(0.751; 0.06, S
0.05, and 0.0k pﬁm)(Kearney, 1870). |
Water

Mani-~old and Schulze (1569) reported on an exfensiva survey
of pesticides in water, conducted by the U. S. Geological Survey
from October 1966 thfough September 1968. The survey was con-
ducted at twenty sites on the major streams in the western United
States and included the herbicide 2,4-D. Out of several hundred
observations, 2,4-D was identified 26 times, ranging from 0.0l
to 0.35 ppb. Norris (1971) stated that, in his investigations-
of stream contamination from spray projects on range and forest
lands in Oregon, measurable concentrations occurred shortly after
application but seldom exceeded 0.1 ppm.
Animal

A study of sheep and'cattle fed a-daily dief containing
2,000 ppm of 2,}-D had only 1 ppm or less in the muscle after
28 days of feéding (Clark, et al., 1975). The milk from cows

grazing on pastures that were sprayed with 2,4-D esters,

contained 0.01-0.09 ppm of 2,4-D during the first two days
' (A UNYRYE
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;&~after spraying and lower amounts thereafter. When cows were

put lnto the pastures four days after spraylng, residues in

<
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milk were below 0. 0l ppm (Klingman, et al., 1966).
In 1869, the Consumer and Marketlng Serv1ce, USDA, analyzed
" 240 samples of red-meat fatty tissue for 2, u-D These samples
were taken at U4 different geographic locations in the contznen-
tal United States. Results of this survey are shown ln Table 2.
Accordlng to this survey, 2,4-D re51dues in red meat do not
appear ‘to be slgnlflcant ln meat products currently marketed
in the United States (Harvey, 1971). )
Table 2. Residues of 2,4-D in Red Meat |
Parts per Million Number
2,4=D Samples Percent
Negative 231 . 96.2
0.01-0.10 6 2.5
©0.11-0.50 2 0.8
0.51"100 1 0 ’4
>1.0 0 - 0
Food

In a:continuing_program to monitor pesticide residues-
in“fosd, the Food and Drug Administrafion, U. S. Departmené
of Health, Education and Welfare, found a decreasing level of
2,4=~D in food samples during the period 1964-1870, (Deggan
and Corneliussen, 1972). The program, commonly known as the
"total diet progrem}, inéoives examination of food ready to be
eaten. This investigation measures the amount of pesticide
chemicals found in a "high-consumption" varied diet. The

-samples are collected in retail markets and prepared for

> vy ~




consumption before analysis. Table 3 summarizes the data on

2,4-D for six years.

Table 3. Average Incident and Daily Intake of 2,4-D

Year

1865
1966
1867
1968
1968
1870

[T= < 0.001 mg)
Percent Positive

Composite

4, 2%

3.0%%
1., 7%k

0.6%k%%
0. 3%%%
0. 3%%k%

®* 216 composites examined
*% 312 composites examined
*%%* 360 composites examined

Investigations of the persistence of 2,4~D in the environ-

Daily

Intake (mg)

0.00%
0.002
0.001
0.001
T
T

ment indicate that this herbicide is relatively short-lived.

-

-

Likewise, examination of soil, water, animal tissue, milk and

foodstuffs revealed low levels of 2,4~D residues, despite the

extensive use of this herbicide in this country.

Based on the review of the above persistence and residue

studies, it seems unlikely that 2,4-D would accumulate to

96260 [ MO0

" significant levels as a result of its use in forestry management.
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ABSORPTION, DISTRIBUTION AND EXCRETION

"3
‘1

Experimental Animals

Several investigators have sfudied-the absorption, dis-

{

tribution and excretion of the herbicide 2,4-D with experi-

mental animals. Reported studies indicate that the herbicides

‘are readily absorbed from the gut and become widely distributed

2656201 MOT,

in the tissues. The major route of elimination of 2,4-D is
"‘;vié the urine, primarily aé'the parent compound and, to a much
lesser extent, as a cbnjugate,of the pafent compound.

~In rats, pigs, calves, and chickens. 2,4-D adﬁinistered
in doses of 50-100 mg/kg bw orally as salts was readily ab- |
Sorbed and eliminated mainly in the urine, with plasma half-
lives varying from 3-12 hours (Erme, 1966 a,b). Pigs exéreted
2,4-D in the urine primarily as the parent compound, but also
" as an Qnidentified acid hydrolyzable conjugate(s). In pigs
and rats given oral doses of the butyl ester of 2,4-D the free
acid and traces of esterified 2,4-D were present in the plasma,
red blood cells, urine, and liver.
Khanna and Fang (1966) fed rats 1-100 mg of 2,4-D (l4C-label
. in either one or two positioﬁs of the side chain) and then
monitored the expiratory gases, urine, feces, and various tis-
sues for 14C. No 14C0; was detected in the expiratory air.
~ The rats excreted from 75.5 to 93.3 percent of the l4C in ﬁﬁe
feces and urine’wichin'IAA hours (most within the first ﬁwenty-
four hours after dosing). The rate of the excretion (expressed
as percent of the dose) decreased a§ the size of the dose in-
creased. The level of radioactivity in the tissues was maximum
| 6506035635
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from 6-17 hours after dosing and then declined. _A'study of tnei- 
intracellular distribution indicated that the soluble fraction
contained more.radioactivity than the.nuclear, mitochondrial o -
:iénd microsome fractionms. There was no significant difference

%in the distribution of 14C in the various fractions when dif-

DOW 107959

ferent dose levels.nere given. Chromatography studies indi-

ieated that.most of the 14C.in the urine and tissues was as the
:nparent compound. 'However, at least one unidentified metabolite
was also present in the urine. : _,:' _ _ _;.

Clark, et al. (1964) administered a sxngle oral dose of
2,4-D-Cl4 (acid form) to a sheep (dose 106.3 mg of 2,4-D, sheep
weight 26.6 kg) and reported-that approximately 96 percent of
the 14C was excreted in the urine with at least 1.4 percent |
in the feces (the expiratory gases were not analyzed for 14c03)
within seventy-two hours. The level of l4C in the blood reached
a maximnn T.25 hours after dosing and'rapidly declined (see
Figure & ). Comparative chromatography and electrophoresis.
studies indicated that all of the 14C‘in the urine was the free
parent compound. The nature of the 14C labeled compound(s) in
the* feces and tissues were not determined |

Lisk et al. (1963) fed a steer 5 ppm of 2,4- D for one day.
approxlmately 88 p°rcent of the dose was ‘eliminated in the urine
as the parent compound within three days However, the feces
and tissues were not analyzed for the parent conpound or meta-

bolites.
7636
CS5Ga5

V-2



Y-

Q

o
P

o
i

o
p

0
N

" MICROGRAMS OF APPARENT 2.4-D-CM4
PER ML. BLOOD

'&

2 4 6 ) 10 2 24

o2

HOURS FOLLOWING TREATMENT

. "Figure 4. Appearance of Cluin the blood o{ua
sheep after oral administration of 2,4-D-C
__(Clark, et al., 1964)

Humans

Feldman and Maiboch (1974) studied the percutaneous pene-
tration of 2,4-D in man. Data were presented on the proportion
of 2,4-D-Cl% which was absorbed after application of 4 ng/cm2
. to the ventral forearm. Because l4c.metabolites were measured
in the ﬁrine, it was necessary to determine the extent to which -
these metabolites appear in the urine after parenteral administra-
tion. All results were calculated as percent of the injected )
or #pplied dose./ In the topical studies, the results were cor-
rected for incgﬁ;lete excretion. For example, if 50 percenﬁ of
the test compound was excreted after I. V; administration, all

values after topical administration were doubled. Urinary ex-

crecion of 2,4-D after I. V. administration was 100 percent Pjég;7
CGTGOas -
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after five days. Urinary excretion after topical administra-
tionibf 2,4-D was 5.8 percent after five days. It appears that
very little 6f the 2,4-D is absorbed through the skin. Skin
absorption is incompleté because much of the applied chemical

-~

isTost from the skin surface by washing (subjects did not

'Végﬁ skin for twenty-four hours), evaporation or the gradual"

R h

exfoliation of outer layer§ of the stratum corneum. Also,

-

hﬁban skin appears to be a more effective barrier to penetration

than that of certain small animals, at léast for the quantities -

‘. used in this investigation (Malkison and Rothman, 1962).

The pharmacokinetic profile of 2,4-D has been cetermined
in five male volunteers (Saueroff, et al., 1976). After inges-

tion of a single 5 mg/kg oral dose, 2,445 was eliminated from

" plasma in an apparent first-order process with an average half-

- life of-ll.7 hours. All subjects excreted 2,4-D in the urine

with an average half-life of 17.7 hours, mainly as free 2,4-D
(82.3 %), with a smaller amount excreted as a 2,4-D conjugate
(12.8 7).

Kohli, et al. (1974) studied the absorption and urinary
excretion of 2,4-D acid in six subjects following oral inges-
tioﬁ&(S mg/kg-administered in a gelatin with water). The
2,4-D was 99 percent pure. 2,4-D was determined as ité ethyl <
ester by gas-liquid chrdmatography (g.l.c.). The absence of
significant quantitiés of metabolites is based on a comparison
of the g.l.c. profflé; of blood and urine samples from indivi-
dual volunteers before and after ingesting Z,Z-D. In every

case the only additional peak in chromatograms corresponded 7638

to the 2,4-D ethyl ester. Recovery experiments with-2,4-D CGGGGS’;"




added to blood indicated a recovery of almost 95 percent.

Concentrations of 2,4-D in plasma, expressed in ag/ml, EE; ;é
iollowiné administration of a single dose of 5 mg/kg, ate ffi :?.
given in Figure 5 , which shows the curve from one indivi- Sg =
dual and the mean curve of plasma concentration of six sub- - gg j::
jects as a function of time along with the standard error of | &3 -%;

determinations at each interval. Although there is e marked
degree of individual variation, it would appear that the com-
pound is absorbed fairly quickly; a significant amount of
the compound was detected one hour after administration. The
higheet concentration of 2.4-D in plasma is reached in'7-;4
hours, and then declines steadily. In general, the concen-
tration reached in the plasma taralleled the amount excreted

in the urine.
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Figure 5. Plasma concentration of 2,4-D expressed after

og:&)admlnlstrat-on of a single dose (5 mg/kg)(Kohli, et al.,

®----@ Curve from one subject

.O=—C Curve frcm six subjects, + S.E. GCGU6uas 7839




',"UW.I* 07960”

Studies of absorption, distribution, and excretion of 2,4-D
in both animals and humans indicate'that when this herbicide

M-l-'
is-ingested it is rapidly absorbed through the gut and ex-

pr s

creted, for ‘the most part, in the urine. A large percentage
is excreted as the parent compound and a lesser amount as'a’
conJugate of the parent compound Houever it is-evident in
these studies that the 1nvestigators dld not determine a total
"mass balance . This may reflect in the indiVidual studies,
one or more of the following shortcomings (l) incomplete
recovery by the methods used (2) detected but unidentified
.2,4 D metabolites, and (3) incomplete examination of tissues.

urine, and feces for the presence of Z,Q-D or its metabolites.

Particularly lacking in the studies is information con-

- - cerning the nature of 2,4-D metabolites. In some cases, no

attempt -was made to determine the presence of metabolites;
in other studies, metabolites were noted but could not be
identified. However, in one study, 2,4-dichlorophencl, a
presumed 2,4-D metabolite, was identified in the liver and.
kidneys of sheep. | o |

.. The importance of identifying 2,4-D metabolites and
studying their toxicity is illustrated by 2,4-dichlorophenol.
Boutwell and Bosch (1959) found that when topically applying
0.3 percent dimethylbenzanthracene in benzene as an initiator
(may induce tumors bg itself or may be enhanced by or require'
the presence of another compound), and applying 20 percent (312
mg/kg) 2,4-dichlorophenol as the promotor (enhances, but does
not induce tumors by itself), papillomas and carcinomas were

7640
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noted after thirty-nine weeks. Although this is not analogous

to an enviromnmental exposure to 2,4-D (eg. different route of
exposure and presence of an initiator compound), it does illu-
strate the importance of recognizing that the toxicity of a

metabolite may be as/or more important than the parent com-
pound.
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ACUTE TOXICITY

There are twc kinds of toxicity.. Aeute tox;city is the
rapid response of organisms to a few large doses c¢f a chemical
received over a short periocd of time. Chronic toxicity is the
accunrulation cf effects resultlng from exposure over a long in-
terval. Thus the nature of the response is determined by the |

magnitude and duration of the dose the organism receives.

Eyperimental Animals

- The acute toxicity of 2-§-D inﬂanimals is coﬁsidered because
(1) ar.irals are freouently used as models to 1nd1cate toxi clty to
humans ané (2) it is 1mportant in evaluatznp potential herticice
effects in the context of an environmental statement. In review-
ing the acute toxicity of 2,4-D, it shoulc be kept in mind that
the nature of the dose-response relationship Qaries with both the
chenical and the organism. £lso, there is some individual Qari-
ation @ithin a given species. _
" Figure € shcws & genefalized dose-response relationship for

2,4-D to several crganism groups (Newton and Norris, 1976). ' This

example shows that higher plants are the most sensitive organisms
to 2,4=D. Clearly this is the basis for the use of 2,4-D as a chem-

ical agent focr selective control of vegetatiorn.

A significant amount of the literature on the acute tcxicity

709640 [TMO0 -

cf 2,4-D tc various.animals_is‘summarized in Table &, (U.S EPA, 1974).
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. 4
Figure 6 Typical dosage-response spectra for

2,4-dichlorophenoxyacetic acid for '
f1ve classes of organisms(Newton and Norris, 1976)
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Table 4. Toxicity of 2,4-D

Birds, Fish and Invertebrate

Rat

Mouse
Rabbit

Dog

Cuinea pig
Mule deer
Rat

Dog

Rat

Cattle

Sheep
Mallard

Ring-necked pheas~
ant

Pigeon -
Chicken

Chorus frog tadpole

Bluegill .
Rainbow trout
Daphnia magna

Gammarus fasciatus

Acute 6ra1
Acute oral s
Acute oral
Acute oral
Acute oral
Acute oral
Dietary, 2-yr
Dietary, 2-yr

Three-generation re-
production

Acute Ogal
25 CDOD
86 CcpOD3
112 Cbhgh
7 CDODY,
10 CboOp~
8 CDbOD

Acute oral

Dietary, 5-day

Acute cral
Dietary, 5-day

3

Acute oral

10 cpop3
10 CDOD3
10 CDOD
Acute, 24-hr

Acute, 24-hr

'Acute, 24 <hr

Acute, h8-hr
Acute, 18-hr

Tavie 4 continued - notes



(Acidl) to Vammals,

s (from EPA, 1974)

666 mg/kg LD,

50
375 mg/kp LDSO
800 mg/kg - LDSO
100 mg/kyp LDSO
1000 mwp/kg LD50
400-800 mg/)p LDSO
1250 ppm No effect
500 ppm ‘No effect
500 ppm | Ho effect
250 mp/kgl :'Significant effect?’
200 mp/ky“ ~Significant effect,
100 mP/k .Significant effect”
50 mg/ : . No effect
500 ? 7£ “ ‘Significant effectg
250 mg/kg“ Significant effect
100 mg/kg No effect
>1000 mg/kg LD50
>5000 ppm’ - LC., -
472 mg/kg, LD
L5000 ppml Lcgo
668 mg/kg LD50
500 ng/kg: Significant effect2
250 mp/kg" Significant effect
100 mg/kg Mo effect
100 ppm L050
5 ppm No mortality PR
5 ppm No mortality ({{UJbudtu
»>100 ppm LC50
3.2 ppm Lcso ‘.,;' iy L3 ] "'\r“_.q

‘." w-
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- 1. There is very little variaticn in toxicity among the

é:f various salts and esters of 2,4-D in mammals and birds;
- however, certain esters are more toy‘c than acid to
T~ fish (~ 1 ppm’.
.t .
"rgég 2. Weight less, reduced weight gain or illness.
%§;~ 3. CDOD = consecutive daily oral doses each at the given
", — dosage. '
== 4. Alkenolamine salts
[ —
=

Table 5 shows a range of LD5 's and TLM's (summarized Irom
 the llterature) for various groups of organisms for 2 4=-D (from

Ncrrls, 1971)

- s e

’ Table 5. 'Acﬁte Toxicity of 2,4~D (from MNorris, 1871)

_Organisﬁs . . _ . 2,4=D
"~ Birds
LDso mg/kg 360-2000
Rodents .
LD., mg/kg 375-800
50 "
Ruminants
LD mg/kg L00-600
50
Cther Mammals
LD mg/kg 100
50
N Flsh 1' ' -
. TLM ppm R - 1-€0
~ Other Aquitics
TLM ppm l-5

1. Forty-eight-hour median tolerance limit, i.e., the
concentration of herbicide in water which will kill
50 per cent of an exposed population of aquatic
organisms’in 48 hours.

C306Gy4

It can be seen that 2,4-D is generally less toxic to birds

than to mammals. The toxicity to fish is greater than to marmmals,

but is highly variable. 2,u-D is absorbed after ingestion trans- 7€;45

ner-ad via +he nlasma. cencentrated in the kidnevs and rapidlv




eliminated in the urine (see section on Abscrption, Ixecreticn

and Distribution): However, the dog'has lcwer capacity to ex- 23555
—

; . . T b

crete ¢,4-D, and as a result 2,4-D is about three times mcre e

N

toxic to degs than to other test animals. 2,4-D is essenfially
ncritoxic to insects and related 6rganisms and is not significantlyt
- fungicidal or bactericidal (CAST, 1975).

A summary of symptoﬁs of acute toxieity of 2,4-D tc variéus
_organism§ is given inan Internatioral Agepcy for Research cn
Cancer monograph, (IARC, 1877). | |

| ~ Symptoms of acute toxicity in mice, }abhits, guinea pigs;
and rats are essentially similar. Some animals die suddenly,
~apparently from ventricular fibrillation; those that do not die
immediately develop stiffness of the extremeties, incoordination,
- lethargy, stupor, and coma prior to death. In mice acutely in-
toxicated with 2.4-D, dilation of the blood vessels of the lungs,
‘liver and ‘kidneys can be observed. Rats and guinea pigs adrinis-
terecd lethral doses of 2,4-D exhibit congestion of the viscera and
er.larged ¥idneys; microscopically, there is massive cloudy swelling
of the proximal convoluted tubules with cast formation.

In dogs, toxic symptoms are often not present until six hours
afterhoral adrinistration of a lethal dose of 2,4-D; the animals
become atavic with progressive increase.in spasm. Death appears
to be due in most cases to hepatic congestion or tc pneumonia.

Pathological changes are limited to the gastrecintestinal tract, lung

,I

anc liver and follow the development of anorexia, weight loss and
myotonia. Dogs exhibit evidence of liver damage more frequently

than cther animals,

GGGouds MG4R
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Acute toxic doses of 2,4-D produce fatty degeneration of the
liver, spleen, kidney, and heart, and hemorrhagic gastroenteritis
in chickens, and acute toxic doses have similar effects in sheep -
and cattle. |

Euman

The literature contains several descripfions of acute poi-
soning in man by 2,4=-D. These inciudg accidents anc attenmpts at
suicide. The éxposuresnﬁere quite high but varied within wide
limits: £stiﬁation of the fatal dose is difficult because in some
casesithe purity_or fhg_céﬁ;titueﬁfs_pf the commercial herbicice
were not known, the magnitude of dermal exposure could only Le
gueséed at, and in the case of expésurevby ingestion, vomiting
occurred. | ”

-Goldstein, et al. (1959) reported three cases of polyneuritis
as a result of accidental exposure. -Patient histories indicated
that exposure +o the herbicide 2,4-~D preceded the development of
the neurifis.- The tiﬁe relationship was such that it seemed rea-
. sonable thatlthe herbicide caused the neurological disease. In
each case severe sensory and motor symptoms necessitated hospital;
jzation. In each case the disorder began some hours after the use
of preparatiohs.of 2,4=D to kill weeds. Initial symptoms were.
nausea, vomiting, diarrhea, and headache. Symptoms of muscular
weakness, swelling or aching of the feet and legs, ‘with malaise
and headache, pe;ﬁ}sted for‘io-zo days. In one case, it is.known
that the individual spilled about 2 fluid ounces (60 cc) of a 10%
solution of an ester of 2,4-D cn his forearms without washing it
off. All that is knowﬁ about the exposure of the other two indi-

. 7647
viduals is that their extremities were wetted with 2,4-D solution - :
C506016




during spraying operations. The symwptoms progressec through a -
period of days until pain, paresthesias and paralysis were severe.
Disability was protracteé¢ and recovery was incomplete even after
a pericd of yéars. lectromyograrhic examination supported the

éiagncsis of peripheral neurcpathy.

Ve OI 3640 lfMﬂﬂ

Although it seems ;ikely that the authors were cecrrect in
assurming that the 2,4-D caused the neuritis, they did not describe
the details of manufacture or purity'cf the 2,4-D ester preparations.
']:herefore, it might'belsuggested that some other agent used in pre-~
.“jpgfing or making a éclption of the 2,4-D produced the neuritis and

- not the Z,L-b iteself. .

Berkley and Magee (19EZ) reported on & case cf 2,4-D exposure
to a farmer whc repeatecly used his bare hands toiéorrect rlugging
up of a weed sprayer. The farmer was using an aqueous solutien cf
the dimethylamine salt of 2,4~D (40% solution). The individual's
symptogs.wére a constant pricking of fingers, toes, mid-abdormen,
upper chest, and anterior thighs. Hypersensitivity tc tcuch and
stiffness of the hands and knees were also noted. A diagnosis of
primarily éensory, peripheral polyneuropathy was macde and it was
concluded the conditién was probably produced Ly exposure to 2,u-D.

| .Seabury (19€3) tentafively treated two patients sufferiﬁg from
coccidiosis by intramuscular or intravenous injection of the sodium
salt of 2,4-D acid. One patient died of his disease, however, after
having receivecd n§ more than 40 mg. 'The other man-received in the
course of 34 dafs a total of 12.7 grams, beginning with very small
doses, which were gradually increasgd. The last two doses were 2.0
ancd 3.6 grams. Towards the end cf the course of treatment, various
neurclogical signs and symptoms were noted including muscle weakness,

GTO6GE? meyg
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fitrillary twitchings, and psychomotor retardation.

Wielson, et al. (1965) described a case of fatal pcisoning
in man by 2;u-n, in which a 23-year-cld farming student committed 'nﬁffT; '
suicide with the dimethylamine salt of 2,4-D. The total amount 55 .
2,4-D in the body was estimated to be no less than 6 grams. Tﬁis

corresponds to 80 mg/kg bw. FHowever, this estimate of dosage was

probably low due to loss of the chemical by veriting. Death seems ,bﬂgwﬁ
to have Leen preceded by convulsions and vomiting. Acute ecngestion"
of most organs was observed. Also, severe degenerative changes cf T}T?*'

the gangllon cells were found in the central nervous system. f?_Li:

- Berwick (1970’ descrlbes a case of 2,4-D poisoning in a 4E=- T.?;
year-oid farmer who accidentally ingested approximately 30 ml of .
Z,H-D coﬁcentrate. The patient exhitited fibrillary twitching,
maralysis of intercostal muscles, myotonia, &nd muscle weakness.
There was evidence of generalized skeletal muscle damage as indicated
by marked elevaticn of serum glutamic oxaloacetic transaminase, N
serum glutamic pyruvic transaminase, lactic dehydrogenase, aldolase, R
ané creatine phosphokinese levels. Thre constituents of the her-
bicide involved in this po;soning were known. Laboratory tests,
the patient's elevated symptoms, and toxicological knowledge of
this commercial herticide ruled out toxieological response by the
patient to the ccnstltuents other than 2,4-D. By calculation it
would appear that the patient ingested 7,200 mg of 2,4-D acid.

The patient's welght was 65 kg (143.3 1lbs.) and he, therefore, in-
gested 110 mg-2, u-D/kg bw.

A case of fatal human ingestion of 2,4-D is feported by Dudiey
and Thepar (19872). An elderly man with senile derentia cdied 6 cays

after ingestion of a large amount of 2,4-D (approximately l pint in

. | C3063543



a kerosene-like solvent). -Death was presumec tc be due to ven-
tricular fibrillation 1nduced by the cardiac muscle irritability ;
asscciated with 2,4-D ingestion. Tissue ccncentraticns in various "
organs were as fcllows: blood 57.60 ppm; brain‘93:u0 ppm; kidney

193.35 pper; liver 407.87 ppm; and muscles 117.50 ppm. An autopsy

219620 1" MO0

of the patient revealed wide-spread plaques and acute demyelination
in all parts ¢f the brain. These perivascular plaques resemble
those forred by multiple sclerosis and certain toxins, such as-
arsenic and carbtorn monoxide. The authors suggest that it is pos-
sible 2,4=D cr one of'its metabtolites can induce demyelinaticn. |

In summary, the data from the above reports are variable and
incomrlete. Eowever, ingestion of relatively large doses of 2,u-D
does present the clinical triad of gastroenteritis, skeletal and
cardiac myotonia, and central nervous system depression, which are
the same symptoms cbserved in 2,4Dexposures to animals. Incidents
of pegipheral neuropathy following the use of a 2,4-D spray and
expoéure have zlso been observed.

in LD for humans cannct be accurately determinecd but can be

50
estimated fcr the purposes of illustrating the nature of the acute

toxicity of 2,4=D tc humans. EKEill and Carlisle (1947) have esti-

mated &an LDSO fer humans extrapolated from their animal gata.

"Assuming that man is no more resistant. cr susceptible than
the rabbit or monkev-the largest estimated tclerated dose
for a 75 kilogram man would be 15 grams (200 mg/Kg). Viith
the exception of the monkey, all laboratory animals used
lacked the vomiting re’lex, s0 that thev were unable to
relieve: themselves of irritating materials by vomiting.

The experirents conducted on monkeys indicate that the
material is a gastrlc irritant in large doses, so that the
possibility of acute p01son1ng in humans would seem rela-
tively remote, because. of the large dcse which man could
presumably tolerate. Assuming that man is no nore susceptible
than the most susceptlble animal tested, the mouse, then the
calculated LDSO for man would amount to approximately 28 grams

or 1 ounce." CUU 43
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CHRONIC TOXICITY

Animal

Rats fed 1,000 ppm of 2,4-D in their diet for one month

L]
S R T

showed no signs of toxic effects (Hill and Carlisle, 1947).

No adverse effects were noted in young female rats fed 100

£T9620 | MO
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and 300 ppm of 2,4-D'in their diet for periods up to 1ll3 days,
while thdse givgn 1,000 fpm over the same period had increased_'
ﬁortality, @epressed growth rate, and slightly cloudy swelling

of the liver. Animals fed 3,000 or 10,000 ppm of 2,4-D in

their &iet weré sacrificed after twelve days because of food

refusal and rapid weight loss. Increased liver and kidney

weights were noted (Rowe and Hymas, 1954).

Rabbits were dermally exposed (intact and abraded skin)
to three commercially available formulations of 2,4-D (the
dimethylamine salt and the iscocytal and butyl esters). Doses
of 15 ml were applied five times weekly for‘éhree weeks at.
two concentrations, 0.6267% and 3.13% (the dimethylamine salt
was diluted in .water and the esters in either oil or water).
There were no significant adverse effects upon the following
parameters attributable to 2,4-D: (1) body weight, (2).sur-
vival, (3) hematologic values, (4) clinical chemistry, and
(5) organ/body weight ratios (Kay, et al., 1965).,

Subacute iﬁtoxication was produced in dogs by the daily
administration g% 25 mg/kg bw (intravenously) over a six day
period with the development of liver damage (Hill and Carlisle,
1947). However, no adverse effects related to 2,4-D admini- ;76E51

stration were observed when groups of three male and three
GoGouwav
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female beagle dogs were fed 10, 50, 100, or 500 ppm of 2,4-D
in their diet (96.6% pure, with no detectable dioxin content)
for two years starting at 6-8 months of age. Twenty-eight
ddée ehat survived the two-yeer period were clinically normal
(Hansen et al., 1971). |

? - No adyerse effecﬁs were seen in cattle and sheep with
an intake of 50 mg/kg bw and 100 mg/kg bw respectivelf of two
formulatlons of 2,4~ D (the alkanolamine salt and the propy-'
lene glycol butyl ether ester) The doses were administered
for 112 days to cattle and 481 days to sheep (Palmer and
Radeleff 1964)

Young pigs treated with 50, 100 or 200 mg/kg bw of com-
mercial triethanolamine or butyl ester of 2,4-D, for varying'
ineervals up to 103 days, exhibited symptoms of intoxication
and pathology analogous to those seen in laboratory animals.
Clinical signs of anorexia and retarded growth were found in
one animal given fifty-one doses of 50 mg/kg bw triethanol-
amine salt over 103 days. Pigs fed 500 ppm of the triethanol-
amine salt of 2,4-D in their diet for up to twelve months
developed locomotof disturbances of increasing severity after
about one month. Animals sacrificed after 2-12 months had

normal organ weights and no gross pathological changes.

" Clinico-chemical observations included lowered hematpcrit

and hemoglobin values, reduced albumin and albumin:globulin

ratios, and elevated glutamic-oxaloacetate transaminase in

the treated animals (Bjorklund and Erme, 1966).
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Human
In a study of 292 persons (248 men and 44 women) engaged
in ﬁanufacture of the.amine salt and butfl ester of 2,4-D,
with exposurelranging from under five yéars to 6-10 years
(for.194 and 98 persons, respectively), 637% of these workers
complained-frequently of weakness, rapid fatigue, headache
or'vertigo. About 20% had disturbances of the cardiovascu-
lar system (mainly hypotension and bradycardia). Various -
liver dysfunctions were found and were more pronounced in
workers with longer-exﬁdsufes to the herbicides (Bashirov,
1969). _
In a brief paper, lacking numerical data and many impor-
tant details, Festisov (1966) describes some results of
health examinations on 105 workers engaged in the production
of 2,4-D including salts and esters, and on forty-five persoms
engaged in ﬁerial spraying of 2,4-D herbicides in agriculture.
Sympﬁoms, which were reported and which appeared to increase
with the degree of exposure, were headaches and fatigue at the
end of the workday, loss of appetite, pains in the stomach
and liver, and occasionally symptoms in the upper respiratory
tract. - Impairment of taste sensitivity was noted in some
cases. The symptoms usﬁally disappeared by the next morning.
No examinations on comparable control populations'are mentioned.
The concentration of the chemical in the air of the factory
was extremely -hfgh, containig up to 28-44 mg/m3.
In a similar study, Radionov, et al. (1967) reported on
symptoms manifested by several groups of workers whose duty
00052,
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it was to thin-out and weed maize fields, the day following
or, dn some cases, several days after the treatment of the

fields with 2.4-D The formulations used were the sodium,

amlne and dimethylamine salts of 2,4-D. Dosages ranged

-from 1. 5 3 kg/hectare. Workers complalned (usually within

" ‘one hour of beglnnlng work) of headache, vertigo, nausea,
”:weakness irrztatlon of the eyes and the nasopharyngeal

" mucosa, burnlng sensation of the skin, and substernal pain.

'OccaSLOnally,.some workers vomlted ' The workers usually
recovered wlthln a few days No permanent damage was noted

" One point of lnterest is that dry weather seemed to aggravate

the situation. Under these conditions, more dust is generated'

and the plants and upper strata lack the moisture which would
partially prevent atomization of the herbicide in the air.

In a report on 220 workers exposed in a manufacturing
plant to a'concentration of 30-40 mg/day of 2,4-D for periods
ranging from 0.5-22 years, Johnson (1971) stated that no
"meaningful" differences were noted when clinical results on

 these workers were compared to those obtained on a control
population of 4,600 men not exposed to 2,4-D.  However, the
clinical tests were not Specified and no supporting data were
provided. No chromosomal effects were noted in ten workers
whose chromosomes were karyotyped. .
These health studies of people occupationally exposed to
2,4-D generally have serious shortcomings that limit their

usefulness. All of the available studies are cross-sectional;

the exposed pcpulations were examined only once or, in some

cases, twice. . ' : . " GO06UI0
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No longitudinal studies, in which the same persons are observed

at regular intervals over longer periods of time, have been

made. Thus, temporary and also delayed effects may have been

overlooked. -There is, however, no evidence for delayed effects

in the animal experiments.
the fact that three of the studies reported similar symptoms

In spite of these shortcomings,

in expoéed human populations is sufficient to suggest that

chronic exposure to high conqentrétions of 2,4-D can produce

adverse health effects in humans.

t
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TZRATOGENICITY

An agent or chemical is considered as teratogenic when it

causes developmental disturbances in the embryo resulting in
congenital malformations. If an agent kills the embryo, it is

said to be embryocidal, and if it produces tissue damage (not

necessarily resulting in malformation), it is embrvopathic. The

8196201 MOO:,

- term embryotoxic will refer to any harmful effect on the embryo,

6r fetus. o .

Schwerfi; et éi:'ki97l) fed 2,4-D acid at levels up to
87.5 mg/kg/day (maximuh tolerated dose), equimolor doses of
propylene glycol butyl ethef ester of 2,4-D up to 142 mg/kg/day,
and isooctyl ester of 2,4~D up to 131 mg/kg/day to rats (Sprague-
Dawley), on days 6-15 of gestation, the time when the rat embryo
is most sensitive to teratogenic agents. Embryotoxic responses
were seen including edema, delayed ossification, decreased fetal
body'weight, and wavey ribs. However, no genuine teratological
effects were seen even at the higest dosages. The highesf level
of esters decreased viability and lactation in the mothers, but
had no effect on the growth and development of éhe offspring.

Khera and McKinley (1972) in prenatal studies on Wister rats
showed that 2,4-D induced embryotoxic effects and increased the
incidence of skeletal anomalies after single or§l doses of
100-150 mg/kg/day on days 6-15 of gestation. At the higest
dosage of 150 Mg/kg/day, the isooctyl ester, and butyl ester,
and butoxyethynol and dimethylamine salts of 2,4-D were all

associated with significantly increased teratologic incidence.

The butyl and isooctyl esters also tended to decrease fetal weight.

VIII-1 Gsﬂgggg
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At a lower dosage; 2,4-D, and its salts and esters induced no
apperent harmful effects. |
Collins and Wllllams (1871) found in the progeny of hamsters
treated wlth three commercial samples of 2,4-D at levels up to
100 mg/kg/day on day 6-10 of pregnancy, occasional anomalies of
the fused rib type. However, the percentages were not'signifi-
cantly different from that of the—eontrol population Fetal
viability decreased 51gn1f1cantly at the higher dose levels, but
again was not clearly dose-related . T
Sprague-Dawley rats were given 1,000 mg/l 2,4-D in thelr
drlnklng water durlng pregnancy and for a further 10 months,
2,4=-D was also administered to the second generatlon for up te
2 years. Pregnancy and parturition were normal; litter size
was not significantly reduced, and no malformations were neted

in the young. Except for retarded growth and increased mortality

in the second generation, no unequivocal clinical or morphological

-

Soo™

changes were seen (Bjorklund and Erne, 1966).

Female rats (10 per group) were fed 2,4-D at levels up to
2,000 mg/kg of diet for 95 days and then mated with untreated
males and continued on their respective diets through gestation
asé lactation. Pups born to females fed the highest level were
small at. birth; 94% died before weaning; some deaths also occurred
in pups of rats fed the lower level (1,000 mg/kg)(Gaines and
Kimbrough, cited in Hansen et al., 1971). )

In a three-geheration study, Osborne-Mendel rats were fed
100 or 500 ppm of diet 2,4-D that was 96.7% pure, with no detectable
(€ 1 ppm) TCDD. No adverse effects were noted (fertility, mean
litter size or viability of pups). However, diets containing ?iﬁ??

[-ad

VIII-2 [ HE 1 BTN



O

A

1,500 ppm 2,4-D, while apparently affecting neither the feftiiit&,w_

of eitﬁer sex nor litter size, sharply reduced the percentage of igg
pups that survived to 21 days of age and depressed the weights ,? .éff
of these weaﬁlings (Hansen, et al., 1971). o '_ v-ésg-

When 2,4-D was administered at a concentration of 500 ppm of i%g
diet during the entire pregnancy of a sow, anorexia was obsereed. i;g
The piglets were clearly underdeveloped and apathetic and did»nof =

it

willingly suck. Ten of the 15 newborn piglets died within 2u :?uﬂ-;g

T

‘hours; No malformations were noted in the dead piglets. .Coﬁtinued.;.
feeding of 500 ppm of diet to the survivors until they were 8 *"ﬁ'é;
months of age caused marked growth depression, persistent anemia S
and moderate degenerative changes of liver and kidneys (Bjorklund
and Erne, 1966). |

A study that attempted to simulate field conditions for
spraying w;th 2,4=D and to evaluate the effect on pheasent eggs and
develgpment of chicks was done by Lutz-Ostertag .and Lutz (1s870).

A high mertality rate and morphological alterations were observed
in most of the surining embryos, and 50% of surviving chicks
were sterile.

Gyrd-Hansen and Dalgaard-Mikkelson (1874) studied the effect
of 2,4=D on the hatchapility of hens (leghorn)\eggs and the viabil-
ify of the chicks, both by injecting the herbicide into the yolk
and by immersing the eggs into solutions of the herbicide. A
pure compound containing 99.5% 2,4-D as the dimethylamine salt
and a commeréiéi product containing ebout 83% 2,4-D as the
dimethylamine salt were used in the investigation. Dose levels
in the injection experiments'ranged from 0.1 to 10.0 mg/60g egsg.

| 7658
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In the immersion experiments, eggs were soaked in either 10 or

50 g/1 aqueous solutions of Z,H-b. In the injection experiménts,ﬁ'
hatchability and viability were reduced at the 2-mg-and-above-
level.. 2,4=D injected into the yolk exhibited both embryotoxic

and teratogenic properties at high dose levels. However, immersicn

in a 1% 2,4=-D solution had no effect and a 5% solution showed

_only a moderate effect on the hatchability of the eggs and the

- viability of the chicks. The 1% immersion level corresponds to the

levels used in spraying operations, however, in the immersion
experiment, the entire surface of the egg is éxposed._.Thg authors
state that their investigations show that 2,4-D has littié effect-
on hen eggs after immersion. This is in contrast to the con- -
clusions from the Lutz-Ostertag and Lutz study.

Verrett (1970) reported that 2,4-D produced fetal anomaly
and_chick edema syndrome following injection into the yolk sac.
Eggs were injected with 2.5 mg 2,4-D/egg either prior to incu-
bation or at-the fourth incubation day (96 hours), the latter
being a time at which the embryo is more sensitive to some
teratogenic agents. 2,4-D did not show any particular acute
toxicity to the embryo when treatment was pre-incubational;
however, occurrence of abnormal embryos was high. Treatment at
86 hours resultéd in highef toxicity and also a high percentage

of abnormal embryos. The results from egg injection studies

are difficult to interpret due to the extreme sensitivity of this

" test procedure.

i

The results of the teratogenesis studies in animals with.
2,4-D were variable. The studies with birds presented conflicting

data. One study that simulated environmental spraying conditionsypsgg
gf
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.resulted in a significant teratogenic effect on pheasant eggs.

However, a similar immersion study with chicken eggs had no

S
effect. Egg injection studies also produced teratogenesis. :EE
These studies are not particularly applicable to a human .e::'
exposure because a human embryo would not be exposed in this : Zg-
manner and also because of the greater degree of protection gg

o

afforded the human embryo by its mother. However, these studies
. do indicate a possible ecological impact on bird wildlife as a
result of spréying 2,4~D in forests.

- In studies of mammals, which are more applicable to humans
'because of similar routes of exposure to the embryo, teratogenic
effecté are observed but only at doses that approach maternal
tbxicity. The pheﬁomenon of teratogenesis, unlike carcinogenesis
and mutﬁgenesis is thought to‘have a "no-effect" level, that
is a threshold below which no teratogenic response is observed.
It is apparent from the studies of mammals that this threshold
is very high and is in all probability coﬁsiderably above the
level of any potential environmental exposure (see section
Comparison of Estimated Maximum Intake of 2,4-D and Acceptable
Daily Intake). Therefore, it is very unlikely that levels of
2,4=D used in forestry management would produce teratogenesis

in humans.

o
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MUTAGENICITY

2,4=D was negativg in the rec-assay test (Shirasu, 1875).
The rec-assay is believed to give an indication of reparable
DNA damage; it is a simple method capable of detecting DNA-

damaging capacity by analyzing differences in growth sensitiv-

£296.0 MO0

ities of H17 Rec+ and M45 Rec™ mutant cells of Bacillus subtilis.

2,4-D was also not mutagenic in reverse mutation systems
(Anderson, et al., 1972; Shirasu, 1975; Shirasu, et al., 1976{
and Zetterberg, et al.,'1977). The reverse mutation systems

 employed were the histidine-reqdiring mutants of Salmonella

typhimurium [Ames test (TA1535, 1536, 1537, and 1538)] and two

tryptophane-requiring mutants of Esherichia coli WP2 hcr+ and

WP2 her~.

Zetterberg, et al.(1977), using host-mediated assays with

S. typhimurium strains TA1530 or TAlSBl'Qr with S. cerevisiae

-

-

D4, observed no mutagenic effects when adult m&le mice were given
6 mg 2,4-D (200 mg/kg) by gavage.

2,4-D did not increase dominant lethal mutations in mice
‘when given as a single i.p. injection of 125 mg/kg bw, or when
given orally on five successive days for a total dose of 75 mg/kg
bw (Epstein, et al., ;972). -

No increase in the number of recessive lethals was obseryed

when 2-day-o0ld adult male Drosophila melanogaster flies were

fed 4.5 or 9.0 mM 2,4-D in sucrose (Vogel and Chandler, 187%4).
The above investigations have concluded, within the limits
of the sensitivity of the tests employed, that 2,4-D is nct

mutagenic. However, there are several studies that indicate
CS0Lu30
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that 2,4-D may possibly have mutagenic properties.
Commercial 2,4~D tested for induction of mitotic gene con-

ersion-in a diploid strain of the ascomycete Saccharomyces

cerev1s;ae showed weak mutagenlc activity when compared to

N

known mutagens. However, the treatment concentration was very

‘UOUDH “.

U\IL

hlgh (1,000 ppm) and survival rate of the yeast cells was only

"

22% (Siebert and Lemperle, 1974). Mitotic recombination in

'§. cerevisiae D5 was also increased by 2,4-D (300 ug/ml)(Zetterberg,

et al., 1977)

_ Treatment of cultured human 1ymphocytes with 2. leo
(0 02 ug/ml) 2,4=D increased the number of chromatid aberratlons
and, to a lesser extent, of chromosomal aberratlons. " In mlee,
toxic concentrations (100-300 mg/kg bw) of Z?H-D adminiatered as -
a single oral dose significantly increased the frequency of

~ernant_metaphases (2-4 fold) in lymphocytes; single fragments

were the primary aberration (Pilinskaya, 1974, cited in IARC, 1977).

- In terms ©f human relevance, the above mutagenic studies
ean be catagorized as submammalian and mammalian systems, (See
Table 6 for classification and results). - The relevance of data
obtained from submammalian test systems is uncertain in view of
factorXs such as cell uptake, metabolism, detoxification dosage
and method of administration. Mammalian systems entail fewer
of these limitations and may be considered more useful for pro-

viding evidence of a potential mutagenic hazard to humans.

1
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Table & Clacssification and Results of the Mutagenicity
: Studies Reviewed

Submammalian Mammalian

529620 | MO0

Rec~assay_ ) : | Host mediated assay
B. subtillis (=) S. typhimurium/mice

~ ~
. .

S. cerevisiae

Reverse mutation

S. typhimurium (-) Dominant lethal

E. coli - (=) mice - (=
Recessive lethal Cytogenetlc test :

D. melanogaster (=) Human lymphocytes (1n-v1tro) (3

. Mouse lymphocytes (in-vitro) (+)
Gene conversion

S. cerevisiae 2D

Mitotic recombination
S. cerevisiae (

+

)

(-) Negative
~(+) Positive
(2) Weak Activity
Exgept.for the gene conversion and recombination studies,
which showed some weak activity, the submammalian systems were
negative. Mammalian systems were negative, except for the human
and ﬁouse lymphocyte studies. A positive result in-this test
system is of concern, because mammalian tests are more relevant in
assessing the potential hazard to humans than submammalian tests.
However, these positive results are not sufflczent evidence to
conclude that 2,4-D will produce mutagenlc dzsord%rs in humans at

levels normally encountered.

/
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CARCINOGENECITY

Oral Administration - Animals

The Bionetics Research Laboratories under contract with the

-

National Institute of Health carried-out a large-scale study
designed to screen selected pesticides (includipg 2,4=D) and
industrial cohpounds for tumorigenicity in mice. A summary of
the results of the oral administration portion of this investi-

' gation is reported by Innes, et al., (1869).

. Groups of mice were orally administered maximum tolerated

"~ . 2,4=D acid and several of its esters (see Table 7 for the compounds

and the dose regime used). Tumor incidences of the treated'groups
were compared with those observed among groups of 79, 87, 90 and

82 control mice, which had either been untreated or had received
gelatin only. Results of the experiment indicated that mice
treated yith 2,4~D compounds listed in Table 7 did not have a
statistically significant elevation of tumor incidence of ary

type of tumor in any sex-strain subgroup or combination of groups.

:The Food and Drug Administration studied the effects of long

rernm feeding of 2,4-D on rats (Hansen, et al., 1971). Groups of

25 male‘and 25 female 3-week-old Osborne-Mendal rats were fed for

2 years on diets containing 0, 5, 25, 125, 625, or 1,250 ppm of
. 2,4=D (free acid, 96.7% pure) in th; basal diet. The 2,4-D coh—
tained no detectable levels of dioxin compounds; the limit of
sensitivity of fhé method of analysis was 1 ppm. Results of this
study indicated that the total number of rats with malignant tumors
were 6, 8, 7, 7, 8, and 1l in the control and in the 5, 25, 125, 625,

and 1,250 ppm groups, respectively. TE64
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.. doses (duration of exposure was 7 days to 18 months) of commercial = .




an

" Compound
T w

1. 2,4-D acid

3. 2,4-D Isopropyl
ester

4., 2,4-D Butyl
‘ester

5. 2,4-D Isooctyl
ester

Notes

Table ’7

Purity of

Compound

90%

90%
99%

99%

97%

2,4-D Dose Regime (from Innes, et al., 1969)

3

LY

Strain of
Mice

(C57BL/6xC3H/Anf)F,
(CS7BL/6XAKR)F,

No: of
Mice

18m, 18f

18m, 18f

1. Used duriné‘stomach intubation only (days 7—28-age)..'

2. Dosage in diet ad libitum (after 28 days of age).

4

Ccll
-ty et el

et DOWED guggon

Daily
Dosage '
mg/kg ~ Vehicle

46.4 - 0.5% gelatin

100 "
ue6. Y "

n6. 4 "

6.4 "

323

111

149

130



" The authors state that ffbm the pathological interpretation
of the tumor incidence, it is apparent that the tumors were not
“farget organ" types and they were randomly distributed types
normally found in aging Osborne-Mendel rats. In addition, the
number- of animals surviving the two year study did not differ

from group to group, whereas with a carcinogenic substance, one

gz96.00 Man

would expect fewer survivers in the high dose group. When the tumor
incidence was analyzed, a statistical increase (P< 0.05) of malig- _
‘nﬁnt tumors occurred in male rats fed 2,4-D at 1250.ppm (the highest
dose), and a trend toward ihcéeased tumor formation with log dose
in female rats was noted. Despite the statistical calculations
on tumor incidence, it is the author's opinion that the patho-
logical interprétation indicates that a carcinogenic effect by
2,4~D has not been shown.

Another interpretation of this étudy has been offéred by
Rueber (1976), an independent pathologist, who reviewed the data
for the"U. S. Senate Subcommittee on Administrative Practi_e and
.Procedure. He concluded that the data suggested that the tumors
"were of a "target organ" type and that the statistical interpre-
tation of the data verifies that "2,4-dichlorophenoxyacetic acid
is-carcinogenic in rats”.

Subcutaneous Administration - Animals

The Bionetics Research Laboratories also tested the tumor-
igenicity of 2,4-D and several of its esters in mice with
subcutaneous adménistrations of the herbicide.

PR 4

Groups of mice, 18 male and 18 female (CS57BL/6xXC3HAnf)F

mice, and 18 male and 18 female (C57BL/6XAKR)T mice,were given
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single subcutaneous injactioﬁs of 215 mg/kg bw 2,4~D (90% pure) _:HL. )
in dlmethyl sulphoxide on the 28th day of life and Observed up s
to 78 weeks of age, at which tlme 16, 17, 18 and 18 mice in the

four groups, respectively, were alive. Tumor incidences were

‘compared with those in groups of 1lul, 154, 161, and 157 controls

that were either untreated or were injected with dimethyl sulphoxide,

. 0.5% aqueous gelatin or corn 0il. The tumor incidence in any-

group or combination of groups was not significantly different

from that in controls (P>0.05). ' No increase in the incidence of -
tumors Qas observed in siﬁilar groups of mice treated Qith'sidgle""
s.c.fihiections.of 215 mg/kg bw but?l.or 100 mg/kg bw :‘Lsc::propyl-.-;~
esters.pf 2;u-D (both 99% pure). 0f mice treated with 21.5 mg/kg
bw isooct&l ester of 2,4=-D (97% pure) 5/17 females of the second
strain developed retlculum-cell sarcomas (P=0.01)(NTIS, 1968)
Humans

Axelson and Sundell (1974) reported that in aﬁ epidemioclogical
investigatiqp of tumor incidence and mortality. among Swedish rail-
read'workers, exposed to different herbicides, showed a twofold
excess of all cancers, as compared with the national average. The
situation is difficult to evaluate because of the combined exposure
of many workers to more than one herbicide. The excess cancer
appears to be due to exposure to 3-amino-1l,2,4-triazole(amitrole).
Those subgroups that had been exposed to phenoxy acids (2,4«D and/

or 2,45-T) had about normal tumor incidence (5 cancers at all sites

observed versus 2.8 expected).

’.J'/
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Comments on Carcinogenicity Data

The International Agency for Research on Cancer has revieﬁed
and evalﬁgted studies on the carcinogenicity of 2,4-D, includi-~cg
those reported above (IARC, 1877). IARC initiated a program in
1871 to evaluate the carcinogenic risk of chemicals to man. IARC

is supported in part by the National Cancer Institute of the

0€96200"M0g

United States and is regarded by governmernt authorities as a source
of experf, independent scientific opinion on environmental
carcinogenesis. The IARC comments on the ;arcinogedicity of 2,u;D
are as follows: '

Animal data. 2,4~-D and several of its esters were tested

in rats and mice by ofal administration and in mice by subcutaneous
administration. 'All of these studies had limitatiogg, due either
to inadequate reporting or to the small number of animals used.
Therefore, although increased incidences of tumors were observed
in one study in which rats received 2,4-D orally and in another

in which"mice received its isooctyl ester by subcutaneous ‘njection,

no evaluation of the carcinogenicity of this compound could -be made.

Human data. The results of the single cohort study of a small

" number of workers exposed to various herbicides, including 2,4-D,

2,4,5-T and 3-amino-1l,2,4-triazole (amitrole), are not sufficient

to evaluate the carcinogenicity of 2,u-D.to man.

"



COMPARISON_ OF ESTIMATED MAXIMUM INTAXE OF 2,4-D

'AND ACCEPTABLE DATLY INTAKE

Estimate of Exposure

The 1977 herbicide monitoring program in the Chippewa and
Superior National Forests of Minnesota was done in part to
determine if there were any adverse impacts on the water quality
and the wildlife in these forests. It did not directly address
the question of human health impact from exposure to 2,4-D, as a _
result of the conifer release spraying project, to peoble living
in or near the forests or the people using the férests(St.-MN., 1977}

Exposure to 2;u-D would logically occur through the food
chain to the hunter, fisherman, gardener, and foraging natﬁbalist.
Although, at this point in time; it is difficult to accurately
determine the level of exposure and any associated health effects;
én estimation of 2,4-D intake for a "maximally exposed individual"
can be gélgulated using wildlife monitoring and water qualitv data.

A ;maximally exposed individual", for the purpose of this
calculation, is assumed to be an adult male whose total diet is
derived from the forest habitat and the forest surface waters.
Dietary intake is based on data for the "standard man" (70 kg bw),

\(U.S; HEW, 1870). The total non-fluid daily intake for a "standard
man" is approximately 1600 grams and daily fluid intake is apprqx;
imately 2000 grams. |

The data available are 2,4-D levels in the kiéneys and livers

of small rodents {e.g., ground squirrels, chipmunks, shrews, volés,'

and mice) and birds (e.g., sparrows, flycatchers, warblers, efc.)

from the U. S. Forest Service 1977 monitoring program in Chippewa
7859
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National Forest. Specimens were collected before and after a
-'typical conifer release spraying episode. ~The wildlife monitoring
data from the Superior National Forest, collected by the Minnesota

e Department of Natural Resources, were not used in the exposure
ggs§timation because of a lack of positive data. Water quality data
ggis availabie for both forests before and after conifer release
g;éprayinéifrom the monitoring programs of both the Minnesota

?'Pollution-antrol Agency and the U. S. Forest Service.

%

of the’*mﬁiimally exposed individual" consists enfirely of animal

It is assumed that the non-fluid portion of the dietary intake

tissué._ Vegetables, frults, etc., are not cons;dered in the
'non-fluld portlon of the diet, although 2,4-D levels on their
surfaces mlght initially be higher than that found in animal
muscle fis#ue. However, it is likely that these foods would be
washed before being eaten, reducing the exposure from this source
to something which is in all probability less than the exposure
from animal E}s;ue. The individual's non-fluid'dietary exposure
to 2,4-D is.calculated by multiplying the mass of the non-fluid
diet by the projected animal tissue 2,4-D concentration. The
projectéd tissue concentrations were calculated using data from
an aq}mal study in which kidney, liver, and muscle tissue levels
of 2,4-D were determined after exposure to a diet containing
2,4=D. The animal study chosen (Erne, 1966a) involving feeding
rats and chickens 1000 ppm of 2,4-D amine in their drinking water

for two months. At the end of this time, the animals were sacri-

. ¥

ficed and various tissues were analyzed for 2 u D content. [from
this data, a ratio of 2,4-D concentration in the liver tissue to

auscle tissue can be developed for both rats and chickens. These

XI-2




ratios are than applied to the'average 2,4=D concentration found

in the liver tissue of the mammals and birds, which were analyzed

in.the U. S. Forest Service's Chippewa wildlife monitoring prbjsct;

This gives the estimated maximum concentration of 2,4-D in the Lé;

muscle ‘tissue of these mammals and birds. This concentration EE?

represents a maximum value because it is calculated from measured ~€E;5
-

concentrations in animals collected at a time (three days after

¢
]

spraying) that theoretically has allowed 2,4-D levels in the animai '
tissue to reflect the maximﬁm poncentratioﬁ resultiné from sprayiné.
~ To use these concéntrations to estimate the 2,4-D intake for‘ |
the "maximally exposed.individual" requires the assﬁmptions that
(1) the liver to muscle 2,4-D ratio for rats &nd chickens, as
measured in laboratory experiments, does not differ by orders
of magnitude from the liver to muscle 2,4-D ratio for the small
rodents and songbirds which were collected as part of the Chippewa
wildlife monitoring program, and (2) the liver to muscle 2,4-D ratio
for the %mall rodents and songbirds does not differ drasti:-iily from
the liver to muscle 2 4-D ratio for the large mammals and birds, such
as the rabbit, deer, grouse, etc., which would actually comprise the
diet of the "maximally exposed individual". |
.  The calculation for the mammal muscle tissue is as follows:

(1) Liver: muscle ratio in rats from the laboratory animal
study = 3.6:1.

(2) Average 2,4-D concentration in the liver tissue of twenty-
six mammals from Chippewa National Forest:= 1.19 ppm.

XI-3 CST60 7D
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(3) Estimated 2,4-D concentration of muscle tissue of e
Chippewa mammals = 1.19 ppm/3.6 = 0.33 ppm.

The calculation for the bird muscle tissue is as follows:

(1) Liver: muscle ratio in chickens from the laboratory
animal study = 5:1.

(2) Average 2,4-D concentration in the liver tissue of eight
birds from Chippewa National Forest = 0.48 ppm.

(3) Estimated 2,4~D concentration of muscle tissue of Chippewa
birds = 0.48 ppm/5 = 0.10 ppm.

DOW.107963. .

Assuming that the non-fluid portion of the diet consists of
one-half mammal muscle tissue and one-half bird muscle tissue, then
the average 2 4-D concentratlon in animal muscle tissue consumed lsf
30 22 ppm, therefore, exposure of 2, 4-D to the standard man” from
non-fluld food lntake is: | o

(1600 grams/day) (0.22 ug 2 ,4=-D/gram muscle) = 352 ug 2, b D/day)

The 1ntake of 2,4-D through the fluld portion of the diet was
determined by using the average 2,4-D concentration found in water.
samples taken twenty~four hours after spraying. The twenty-four
hour‘values were used becasue the concentrations“of 2,4«D in the
water appeared to peak at that time. Only the Minnesota Pollution
Control Agencyrwater quality data were used because the detection
was lower and the program provided data twenty-four hours after
spraying. The Minnesota Pollution Control Agency program iﬁcluded
data from both Chippewa and Superior forests with- data from both
forests being averaged for this calculation.

The average fﬁenty-four hour. 2,4-D level in water at all sites
in both fobests was 9.u2 PpPb; therefore, assuming that the total
intake of fluid coosumed by the "maximally exposed individual" is

forest surface water, the exposure is calculated as follows:

XI"“’ ) - -y &
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(1) Fluid intake = 2 liters/day
(2) Concentration of 2,4-D in water = 0.42 ug/l

(3) 2,4-D intake from the fluid portion of the diet =
(2 1/d)(0.42 ug/l) = 0.84% ug 2,4-D/day.

Then the total dietary intake of 2,4-D is:

352.0 ﬁg 2,4=D/day (non-fluid intake)

ce9620 L'MOO

+ 0.84 ug 2,4-D/day (fluid intake)

352.84% ug 2,4-D/day (total intake)

M,

This is approximately 0.35 mg of 2,4-D/day. The contribution from
the water portion of the diet is seen to be negligible.

For the 70 kg “standar& man" the intake per unit of body wéight |
is:

0.35 mg 2,4-D/day
70.0 kg

= 0.005 mg 2,4-D/kg bw/day

Earlier, it was indicated that exposure to 2,”-5 would probably
occur to an individual eating fish taken from bodies of water within
the area impacted by spraying. The contribution of fish to the non-
fluid portion of diet is judged to be negligible and was not
considered in the estimation of 2,4-D exposure. Fish are not
iikely to accumulate 2,4-D over the concentration in the water
(Smitﬁ and Isom, 1967 and Schultz, 1973), and since the water quality
%gdicate that the 2,4-D levels in the forest waters are very low,
the level in fish tissue would be negligible in comparison to the
level estimated in the muscle tissue of mammals and birds. There-
fore, excluding any contribution of 2,4-D from fish to the non-
fluid portion of the diet actually maximizes the estimated 2,u4~D

. 7/
intake. - ¢
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FAO/WHO Allowable Daily Intake

The Food and Agriculture Organization of the United Nations

and the World Health Organization have jointly studied and

eraluated possible hazards to people arisingvfrom the occurrence

¢p ©f residues of pesticides in foods. From these efforts, they

(qp!
¢o have, in some cases (including 2,4-D), been able to establish -

o
I~ an acceptable daily intake (ADI) for humans. The ADI is expressed

vuw_i(

as milligrams per kilogram body weight (mg/kg bw). Vettorazzi
(1975),Zin discussing the ADI, states that:

"the concept is based on the widely accepted fact that all
chemicals are toxiec, but their toxicities vary markedly,
not only in nature, but also in the amount that is required
to produce signs of toxicity. The figure (mg/kg bw) is
indicative of the amount of a chemical that might be in-
gested daily even over a lifetime, without apprecmable risk
to the consumer. 'Without appreclable risk' is taken to
mean the practical certainty that injury will not result
after a lifetime exposure".

To establish an ADI for a pesticide, the FAO/WHO evaluates

data from long-term studies in animals, observations on humans,

‘and other pertinent toxicological data. From this, they deter-

mine a "no-effect level”, which is that d;ily dose that produces
no indication of toxic effeéts in the test animals or human
subjects. Then, in order to extfapolate to a safe level for
human_intake, a safety factor is generally applied. No hard-
and-fast rule is established with regard to the maénitude of the
safety factor. Although the widely accepted figure of 100 is
often employed, in practice, this factor has varied from ten to
seéveral hundred. '

The FAO/WHO has é;tablished the maximum ADI for 2,4-D at
0.3 mg/kg bw. A summary of the "nb-effect level” and other

GSJoura
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elements that have been chosen by the FAO/WHO as a basis for

the ADI of 2,4-D is given in table 8 .

Table 8 : Summary of Toxicological Data | Eé;
(from Vettorazzi, 19875) g
N 2
C d T Y
ompoun v 2,4=D P
Animal species . Rat ag
. . o
Kind of toxicological test Two year o
' -3
Levels tested ‘ 0, 5, 25, 125 oo
. 625, 1250 ppm .;ig
Levels causing no , . €25 ppm in the - ff;
toxicological effects _ diet (31 mg/kg bw) ca
=3
Safety factor employed >100 e
- Maximum acceptable daily ' o
intake (ADI) mg/kg bw 0.3 2,
Brief indication of Macrocystosis; slight .
effects , polychromasia, and
hypochromasia
References Hansen, et al., 1871
Remarks "An ADI for man was established

on the 2-year feeding study
in the rat."

Comparing the Estimated Exposure to the ADI

When comparing the estimated 2,u4~D exposure of a "maximally
exposed individual™ in the northern Minne;ota forests to the
maximum acceptable daily intake, several things are apparent.
First, the estimated exposure is approximately sixty times iess
than the ADI (0.005 mg/kg bw vs. 0.3 mg/kg bw). Since the ADI
has a hundred fo{a safety factor, the estimated exposure is

approximately 6,000 times below the "no-effect level™ measured

in the rat study.

P e Ll
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Based on this comparison alone, there appears to be little

~potential for an adverse health effect to the "maximally exposed
individual". This conclusion is further supported by the fact
.hat the ?rojected exposure for the hypothetical individual
li§ing in the forest was the "worst case" exposure. In reality,

tﬁewgctual exposure, even if it ever reached the calculated

-

maximum level, would decline quickly to a much lower level,
because 2,4~D is rapidly degraded in the environment. What we
have done, in essence, is to compare a short term 2,4=D intake

to an ADI, which is meant to be used for a lifetime exposure.

UOW_1079638
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Various possible acverse health effects resulting from -
exposure to 2,4-I' have been examined, including acute toxicity,
chronic toxieity, teratogenicity, mutagenicity, and carcinoge-
nicity. &2 review of the literature of the toxicolcgy of 2,4-D,
the data from the 1977 monitoring programs of the Chippewa and

Superior Mational Forests, and the calculation of the estimated

6€9640 ' MO0

Z,H-D'expcsure to a "maximally exposed individual”, supports the
conclusion thaet, although certain adverse health effects are not

likely to occur, there is significant doubt about some areas of

-~ the toxicology of 2,4-D which precludesan absolute assumption of

safetyv relating tc its use in forestry managerment.

The adverse human health effects that do not seem likely to

-

occur as a result of exposure to 2,4-D, as it is used in forestry
management, include:

1. Acute Toxic Fesponse. Although accidental poisonings involving

2,4=-D have occurred, the cose levels were very high. Numerous
studies in animals indicate that acute toxicity occurs only at high
doses and it has been estimated that the LDg, for man is approxi-
rately one ounce of 2,4-D.

2. Chronic Health Effects. Chronic health effeéts, excluding

mutagenicity and carginogenicity resulting from 2,4-D exposure have
been observed in both animals ané humans. Effect$ in humans have
been associated)yith long-term occupational exposure to hiéh ccn-
centrations oflz,u-D. Symptoms of chronic toxicity include'gastri-

& .
tis, lcss of appetite, heacache, vertige, weakness, and disturbances

W Ll ol
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of the cardiovascular and respiratory systems. Although chronic
health effects can occur, it is unlikely that exposure to an
-ndividual living in a spraying area would result in such effects
since the exposure would}be bf short duration. However, acute
and chronic health effects could be of concern to the applicator.

P

3. Teratogenesis. Considerable concern has been expressed over

ﬁhé possibility of a teratogenic response as a result of exposure
to 2,4-D. Based on a comparsion of animal teratogenicity studies
;éd the estimated maximum exposure fesulting from the use of 2,4-D
ih forestry{ it is expected that 2,4-D would not produce ferato-'
genesis in humans. Teratogenesis observed in experimental animals
(mammals) was gnly produced at dose level; that approached the
level of maternal toxicity. The levels at which this effect began
to appear in mammals are at least one-hundred fold above the ADI,

ad are approximately five-hundred fold above our estimated expo-

sure to a "maximally exposed individual".

-

‘Although reésonably definite conclusions can be drawn with-
regérd to the above three areas, there remain questions relating
to the toxicology of 2,4~D which prevent the assumption that the
use of 2,4=D in forestry is completely safe. Such an assumption
will require further definitive research in the following areas:

1. Mutagenicity. The results of the mutagenicity studies present

conflicting results making it difficult to conclude that 2,Q-D is

not mutagenic in humans. The fact that at least one study has found

that 2,4-D produces aberrations in the chromoscmes of human

Lymphocytes at low dose levels is cause for concern. 878

-~ SR ]
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2. -Carcinogenicity. The results of the carcinogenicity studies

are also inconclusive. Only a limited number of studies have

been done, the results of which have been subject to conflicting
interpretation. An adequate assessment of the carcinogenic poten-
tial of 2,4-D will require further studies invelving large numbers
of animals of several species.

3; Contaminants and Metabolites of 2,4-D. It is now known that

the production of 2,4-D, at least theoretically, will not result

199620 0.M00 -

in it; contamination by the very toxic compound tetra-dioxin.
However, hexa-dioxin has been identified in commercial Z,E-D énd
Although not nearly as toxic as tetra-dioxin it has been.shoyn-fo: ?y_
produce a toxic reaction in animals. Other contaminants have also
been identified in commercial 2,4-D, but little or nothiné is
known of their toxic properties.

Several studies have examined the absorption and excretion
of 2,4-D. These studies indicate that 2,4-D is rapidly absorbed
through the gut and excreted in the urine mainly as the or<zinal
compoﬁnd. Aithough these studies are able to account for a large'
percentage of ingested 2,4~D in the urine and feces of test animals
and human vblunteers, there is still a small fraction which is not
excretéd as the original 2,4-D compound. The same studies have re-
vealed the pfesenée of several metabolites of 2,4-D in the urine
including 2,4-dichlorophenocl, a suspected carcinogenic promoter.

4. Environmental and Wildlife Monitoring. The 1877 monitoring

program in the Chippewa and Superior National Forests did not provide
/
the type and amdunt data necessary to adequately assess the extent

of 2,4~D exposure to humans. A more complete risk assessment

7679
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will reéquire more data from the human food chain (e.g., rabbit,
deer, fish, grouse, vegetation, and water).

o. Acceptable Daily Intake. The ADI, as was explained earlier,

is.based on a "no-effect level observed in an animal study and
;g;arbitrary safety factor of 100. It is possible that some health
effects, such as carcinogenicity or mutagenicity, may not manifest
tﬁemselves in the particular species or at the particular dose
lg§el used in the study. If future studies on several species
'df”animal indicate that 2,4~D is mutagenic or carcinogenic, a more
ébnservative'apbroach to the establishment of an ADI will be

required.

These concerns leave some doubt as to the safety of 2,4-D.
The available scientific data suggests that 2,4-D is possibly a
. .ak carcinogen or mutagen. However, even if 2,4-D is carcinbgenic

or mutagenic the risk of the development of cancer or mutagenic

- .

-~

disorders in an individual is small at levels of exposufe which are
approximately that of the "maximally exposed individual". As a
matter of fact the risk to such an individual is most likely not
high in comparsion to that which we face daily from the thousands
Bf untested, possibly carcinogenic or mutagenic, chemicals used by
society.

If the population exposed to 2,4-D residues at the estimated
maximum level numbered in the tens of thousands, there ;ould be
cause for more serious f£oncern since low level exposures to carcin-
ogens or mutagehs in large populations may produce disease. However,

. .2 population exposed to such levels as a result of the use of

2,4«D in forestry management in Minnesota is very small. PR
. : Gutov
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The small size of the population coupled with the loQLiQQei of
" “risk to an individual make it difficult to conclude that there
is a reasonable chance of disease occurring as a result of spraying.

However, it is equally-diffiéult to conclude that 2,4-D is absolute{y

safe.

Recommendations

In the absence of clear evidence that 2,4-D poses no threat
to the public's health, a prudent policy governing the use of 2,4-D

should provide, (1) assurances that exposure is minimized for .

€V96L01 mnn

- - residents, workers, and persons participating in all activities in

'” {isprayLareas and“(Z) for the acquisition of sufficient information_-u

which, coupled with future toxicological research, will allow a
more complete assessment of health risk. Such a policy should

include as a minimum the following:

1. Environmental and Wildlife Monitdring,?rogram. The progranm

should be implemented in areas where herbicides are used for for-
estry panagement and éhould provide data on 2,4-D concentrations in
the ﬁuman food chain. O0f course the program can be designed to addros:
concerns relating to the ecological impact of the use of 2,4-D ﬁlso.

2. Human Health Studies. Limited studies of human populations -

exposed to herbicide spraying should be done. This might include,
for example, analysis of blood and urine samples for the presence
of 2,4=-D or 2,4-D metabolites.

The Minnesota Department of Health is currently planniﬂg to
establish an Environmental Pafhology Laboratory which could perform
specialized s%déies on biological specimens from people exposed to
2,4=D. This laboratory would be capable of providing highly sophis-

ticated and very valuable studies inveolving, for example, the
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analysis of urine for the presence of mutagenic substances.

The more conventional forms of epidemiology, i.e., measuring
disease incidence in the exposed population, should also be
condutted if sufficiently large exposed populations can be
identified.

3. Herb1c1de Analysis Program The herbicides used in forestry

r8 o

- management should be routinely analyzed for contamlnants prlor
to appllcatlon. The toxlcology of 2,4-D is, to some degree, known,
) however, studles ‘have lndlcated that contamination of oommerclal {.i;éggjl

Co—

' 2 u-D does _oceur and it is concelvable that contaminants such as;_”fﬂp,fﬁ

the leXlnS could have a serious adverse impact on human health.
A pollcy relatlng to the use of contaminated herbicides should
also be established.

4. Physical Control of Exposure. Regulations providing strict

control on overspraying, drift, limited access to spray areas,
posting'of warnings and protection of applicators should be

established to minimize human exposure.
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DOW

FORWARD

“2,4-D in the Urban and Suburban Environment and Human Health"
was prepared as a private contribution for a meeting called to
review the use of 2,4-D by the governmental agencies of the city
and school district o Nanaimo. The information presented in
the report is egually valid for forestry uses.

O major concern in forestry is the exposure of the applicater

to 2,4-D. Since no substance, natural.or artificial, known to
man is absolutely safe under 21l conditions,iit is essential to
+hink in terms of risk or hazard; in the purest sense of the word,
no substance is safe: Therefore, it is commonsense to minimize
unnecessary exposure to a substance. For 2,4-D this means good

personal hygiene and use of protective equipment as necessary
must be enforced.

In reading this report, which was orally presented, be certain
to refer to the appropriate visuals which are attached. 2 numbe
indicated as follows, (4), refers to visual number 4. N

N
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2,4-D IN THEE URBAN AND SUBUR3SAN ENVIRONMENT <

AND HUMARN HEALTH

Obviously, this meeting is the resultvof the division of the
public and, to a lesser degree, scientists over the safety and
benefits of 2,4~-D, one of the phenoxy herbicides. &as in any
controversy, the opposing parties inciude both reasonable and
unreasonable people and individuals with vested interests or
personal ambitions. Because of the use and abuse of scientific
and pseudo—scien?ific jargon, hogwash and whitewash, and publi-
city generated by both sides, sincere citizens have becoms con-

fused, are concerned, and are clamoring for action.

Furthermore, there are fundamental philoSBphica;’diffetences~
over herbicide usage. At one extreme Are those who consider
inserting any syanthetic chemical into the en?ironment As funda-
mentally wrong, regardless of benefits and éféﬁen safety. At
the other extreme are those who zre unable to accepi_any sug-
gestion that some chemicals, although us;d successfuly and with
no appérent problems in the past, might actuaily conéﬁitute a

hazard which is only becoming evident now.
¢

As a sciéntist,,I deal with theofies, h?potheses, and facts.

e

Decisions must be based on supported hypotheses or facts. The

0000217



facts are found in juried joﬁrnals and reports. (1) The news
media is rarely a source of reliable scientific facts. This
illustration (2) provides examples of sources for scientific
facts. Regardless of the source, however,; the guestions raised
Sy the media_and the public deserve an answer - I am part of the

public and I, too, want answers. 3)

Before discussing the safety aspects of 2,4-D, I would like to

dispel some misconceptions. (Y) This will greatly reduce the
time needed for discussion. %: )

1. 2,4-D was not developed as a weapon of war (§)

I'd

Shortly.after the turn of the century researchers were

attempting to synthesize plant growth stimulating sub-
stances; such work is continuing today. Ih August 1941,
Dr. Kraus, a University of Chicago botanist, suggested to
EQo former graduate students that they invéstigate the
pIanting killing aspects of growth stimulators. They ob-
tained various substances, one of which was 2,4-D. 1In
1942, recognizing the crop-killing potential of growth-
regulating substances, Dr. Kraus advised the National Aca-
demy of Sciences about the potential dangers of bioclogical
warfare. .It was not until- 1944 thii herbicide research was
included in the research program at Camp Dietrick (Peterson

1967; Davis 1979).

s . eeo/3
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2,4-D has not been cshown to have caused birth defects or

cancer in Vietnam.

2,4-D was always used in mixture (S) with either 2,4,5-T
as agents orange or white or wi;p;picloram as agent purple
(Council for Agricultural Science and Technology. 1975;
Whiteside 1970). Thus it is impossible to attribute the
birth defec ts to 2,4-D or 2,4,5-T or picloram specifically.
Follqw-up research on agent orange indicated that the
2,4,5-T component was highiy contaminated with TCDD
(Council for Agricultural Science and Technology 1975;

Whiteside 1970) a known teratogen.

Agent orange was applied at 5 to 10 times normal levels
used for agriculture in North America (Council for Agri-
cultural Science apd Technology 1875); Whiteside (1970)
states 13 times. Many areas were retreated. The esti-
mated amount of TCDD dist;ibuted.in South Vietnam is 120‘
to 165 kg. Dr. William Wells, Acting Director, Special
Pesticide Review Division, Office of Pesticide Programs, '
U.S. E.P.A., Washington, D.C., assures me that the major
concern about the phenoxy herbicides-to which 2;4-D and
2,4,5-T belong is. the TCDD contaminant. Costle's (187%a
and 1979b) recent‘decision and emergency suspension orders
regarding 2,4,5-T and 2,4,5-TP which state, ?It is reason-
able'co assume that the adverse human reproductive effects
observed in’2llsea which have been attributed to low-level
exposure to 2,4,5-T are due primarily to the TCDD in the

5
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2,4,5-T,é support the concern over TCDD. Even Ton That
and associates (1973) attribute increased liver cancer to
herbicides "containing TCDD"! TCDD is not present as a
contaminant or by-product of 2,4-D (I.A.R.C. 1977a and
1977b).

Because a chemical belongs to a particular family of

chemicals or only varies by one molecule, it does not

follow that it behaves in all cases like the similar

- ~

comoounds. .
' X
2o and st_vary by only one atom, but we

For example, H
éll know that water and hydrogen sulfide are vastly dif-
ferent.. Similarly, ethanol and methanol.are alcohols,

but the -former is grain alcohol and the latter wood alco-

hol. Because 2,4-D andv2,4,5-T belong to the same family,

the chlorophenoxys, it does nof mean that they are produced

the same way.. 2,4-D is produced from dichlorophenol and
2;4,g-T is from trichlorophenoi. The former precludes pro-
duction of (/) TCDD but not DCDD; the latter includes pro-
duction of TCDD as a by-product. The use of the word dioxin is
nisleading, it denotes § family of coﬁpounds called chlori-
nated dibenzodioxins. The point is - oversimpiification

or generalizations can lead to erroneou# conclusions; this

is demonstrated in the following tah;e (8) - quite a dif-
ferehce in the survival of OCDDland DCDD treated animals.
Reports (quhock and lewis 1978) thaﬁ hexa, hepta, and octa-

- chlorodibenzo~-parc-dioxins are contaminants are unsubstanti-

ated; however, I must note that Woolson and associates (1972)

76359000220
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reported finding less than 10 ppm of a hexachlorodibenzo-
pere-dioxin in one.of the 28 samples of 2,4-D; this obser-
vation has never been duplicated, and all chemists whom I
have gueried believe the contaminant entered the 2,4-D after
production. Also, the "International Conference on Chlor-
inated Phenoxy acids and Their Dioxins" (Anonymous 1977)
concluded that the only dioxin found in phenoxy herbicides

which is of environmental concern is TCDD.

2,4-D does not accumulate in the environment or mammalian

tissues.
2,4-D is readily absorbed by planttissues.and translocated
generally in the direction of food sinks principally at

the active growing points of shoots and roots (Crafts 19§4).

On reaching the soil, 2,4-D is adsorbed and boﬁnd to soil
pa;ticles and is retained in the upper part of the soil -
profile (Council for Agribultural Science and Technology
1875). Once bound, 2,4-~D does not leach into groundwater
nor does it move in significant quantities in surface run-
off (Sheets et al. 1872; Manigold and Schultze 1969). In
or on the soil 2,4-D is immediately attacked and broken
down by soil organiéms (Audus 1969; Kaufman and Kearny 1976).
Generally, 90% or more is degraded within 35'days of ﬁppli—
catiop'(Nérris 1870; Altom and Striézke 1973); formulation
does not affect rate of decomposition (NorriSFAnd Greiner

1967).
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All available data suggésts that 2,4-D entering streams
will be lost by volatilization, adsorption to sediment
particles, absorption by biota, microbial degradation and

decomposition by sunlight (Tutass 1966; Tutass and Crosby

LY 8000 MO

1965; Aly and Faust 1964; Schultz and Earman 1974).

A portion of herbicide material will be lost to the atmos-
phere through drift or volatilization. In areas of heavy
agricultural spraying, maximum average 24-hour concentra-
tions of combined droplets and vapor ;ére 0.123 ug/m3 with

an absolute~maximum-concentration of 5.65 ug/m3. By compari-
son the U.S.S.R. acceptable ceiling concentrations are 1 mg/m3
(Z.A.R.C. 1977); thus the levels in easterﬁ Washington are
8130 and 377 times below the acceptable U.S.S.R. value which
is only l/lo-of that of.the U.S. or West Germany. Vapor/
droplet levels due to>parks and playfield treatment in Nanimo
woulq never reach the levels found in those agricultural
areas. 2,4-D in the atmosphere will break down in sunlignt

or will bewashed out by precipitation.

If 2,4-D were to be absorbed and becéme well distributed
thfoughout_an anim;l's body, does it'persisé or bicaccumu-
late? First, how does a substance get into an organisﬁ? (9)
Skin absorptien, inhalation, and ingestion. :Once in the

body it can be transported to a number of body components.

r
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Note that in many cases there are one-way routes OIr possibly
two-way routes. The two-way routes dbn{t always gquarantee
the return to body fluids. Now let's look specifically at

2,4-D.

The amine ana alkali salts of 2,4-D are readily absorbed and
completely cdistributed in the body of calves, pigs, rats

and chickens; 2,4-D ester is incompletely absorbed and
reaches only a low level in the body fluids and tissues.
Bighest tissue levels are commonly found in the liver,
kidneys,.spleen and lungé; these tissue levels can exceed
the levels found in the body fluids. Penetration of é,4-D
into placental tissue of pigs is a matter of record; however,
there is little or no evidence of penetration into adipose -
tissue or the central nervous system (Bjorklund and Erme
1966; leng 1977). Traces of orélly administered 2,4~-D (50
ppb or 0.05 mg/kg of body_weight) were detected in the .
milk of lactating rats for six days; also within 24 hours

of treatment about 17 percent of the dosage was found in the
uterus, placenta, fetus and amiotic fiuid (Fedorova and
Belova 1874). However, detectable residues did not appear
in - the milk of cows consuming up to 300 ppm

of 2,4~-D in the &diet for two to three weeks (Clark et al.
1975; Leng 1872 and 1977). Since the fetus %; an integral
part'éf the mother's body, physiological processes of the

mother are- @lso active in the fetus.
..e/8B
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Noting the two-way street symbol for tissue/bone/brain,
liver and blood cells compartments, there is a potential

pathway for the removal of the 2,4-D from these compart-

6.y 8000MOd

ments. (]0) 1In reality, the mammalian system does elimi-
nate 2,4-D. 1In fact elimination of 2,4-D from the body of
mammals is quite rapid. The body fluid half-life is about

3 hours in rats, B hours in calves (also chickens) and 12
hours in pigs; tissue half-life values range from 5 to 30
hours (Way 1969). The rate of elimihagion\appears to be
dosage dependent (Wway 1969; I.A.R.C. 3977). The major route
of excretioﬁ is in the urine with minor amo;nts in the feces
(way 1969). A 4 mg/ﬁg dose of 2,4-D, the maximum daily
dose likely to be ingested from grazing pasture, fed to
sheep was excreted within 72 hours, in excess of 98 percent

was via kidneys and only 1.5 percent was present in the

feces (Clarke et al. 1964).

Infsﬁpport of this is the work of Sauerhoff and associates
(1977); £five male human volunteers (29 to 40 yeais of age)
ingested 5 mg/kg of analytical grade 2;4-D acid. Within

24 hours 16.8 to 39.1 percent of the '2,4-D as both the

free compound and conjugate had been excreted; after 144
hours an average in excess of 90 percent had been excreted
with the range of recovery being 87.6 to 106.3 percent. No
expléﬂation of the 106.4 percent figure is given, but it
can be éssqpéd to be analytical errofwithrega:ds to preci-

sion. The half-life value for clearance from body fluids

0005221
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was ll.6 hours. Kohli and associates (1874) ¢alculated
a half-life for excretion'of 33 hours. Thus, there is
absolutely no evidence to support the fear that 2,4-D

will accumulate in children and create problems in later life.

5. The South Okanagan Environment report is not the best

scientific document on 2,4-D. (11)

Let's not kid ourselves about this red herring. It
wouldn't rate a passing grade in any reputable science
class; it might make it in a creative writing course. It
is full of unsubstantiated claims,'grosé misinterpretaticns
of scientific reports, misrepresentatioﬁs of expertise,
hélf-truths, and deliberate ‘attempts to mislead. It is
biased. ‘In fact, this report is so unscientific, it really

warrants no further discussion.

_Lethal Toxicity to Humans

Acute toxicity of 2,4-D is loﬁ to moderate. (12) The Merck
Therapeutics Index Statgs; "Clinical.réportsAof 2,4-D poisoning
ere rare and show no consistant paétern." Less than a dozen
deaths have been related to 2,4-D; most Qere confirmed suicides.
Kraus reported on indiv;dual ingestion of 500 mg/éay for 21
days; he reported no ill éffects (Mitchell et;al. 1946; I.A.R.C.
1977). Sauerhoff and associétes (1877) :epdrted ;n five males
who ingesiéd 5 mg/kg of body weight (70 kg person ingested 350
mg and a 90 kg person ingestea 4Sb'mg); again no ill effects.

Seabury (1963) treated two patients at Louisiana Stete Univarsity

0000225
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School of Medicine with terminal cases ¢f disseminated cocci-
diodomvcosis, a fungal infection, with 2,4-D. One patient
received about 16.3 g of 2,4-D over a 34-day period; an indi-
vidual dose of 2 g (37 mg/kg of body weight) produced no symp-
toms of toxicityj however, a dose of 3.6 g (66 mg/kg of body
weight) ca?sed intoxication symptoms. The likelihood of a per-
son, even a child, receiving a dose similar to the above examples

from the Park's or School Board's programs is essentially nil!

~ - -~

Sublethal Toxicity to Humans B

Sublethal effecﬁs of 2,4-D in humans is depende;t upon the dose;
.the greater the dose the more serious the svmptoms. Data sug-
gest that the sublethal effects of 2,4-D are temporary. One
apparent exception to this is the case of a 37-year-old Russian
woman who suffered acute poisoning because of non-observance of
hygenic and sanitary labor conditions (Kaskevich and Soboleva
1878). :his woman continues to be disabled three years later;
the authors state that observation has revealed the progressive.
"course of the pathological process. Careful review of a trans-
lation suggests there is an element of doubt that the herbicide

caused the entire problem.

Symptoms of 2,4-D poisoning such as fibrillary twitching and
muscle paralysis have Qeen reported following ingestion of large
quantitié; (Berwick 1970; Seabury 1963; Gesselin et al. 1976)
or excessive dérhal exposure (Goldstein ;t al; 1959). WNumbness

7

and aching ofcfeet and hands and partial paralysis for several
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months have resulted from excessive dermal exposd}e (Goldstein

et al. 1959; I.A.R.C. 1977). 1In all.cases, large doses were

involved.

More typical symptoms of 2,4-D iﬂclude fatigue, weakness, dizzi-
ness, loss of aépétite, nausea, vomiting and diarrhea. "Protracted
inhalation of spray is likely to irritate the nose, eyes, throat
and bronchi causing aisagreeable local burning sensations and
coughs.” (U.S. E.P.A. 1977). Sare (1572) reported that spray
operators experience headaches and double vision. Dennis (1876)
conducted a éuestionnaire survey qg'farmer$ and grain elevator

operators in Saskatchewan.

"Twenty percent of- 3330 surveyed reported that they had
experienced ill effects from working with agricultural
chemicals, 2,4-D apparently being the most troublesome.
Symptoms were generally confined to the season or time
of spraying, and were similar among those affected.

. They included nausea, loss of appetite, weight loss,
and occasional vomiting. A small number reported a
skin rash. The symptoms observed one year were often
more extreme than those cbserved in previous year(s),
reguiring a number of farmers to contract out their
spraying to othexr operators. This report suggests a
possible development of sensitivity to the spray with
repeated exposure.” (National Research Council of
Canada 1978).

Assouly (l951),reportéd that workers employed in the production
of an ester of 2,4-D developed symptdms.of drowsiness, loss of
appetite, Qeuralgic pain in the #tomach or the forward walls of
the abdomen, iqcreaséd salivation, a sweet tasté in the mouth,

a sensatién.ofcdtunkenness, heaviness of the legs, and excessive
acuteness of the sense of hearing. SYmPtOﬁs noted above are
similar to exposure to some petroleum solvents (Browning 1965)

3
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and products. Seabury (1963) cuestions whethexr the symptoms
identified by Assouly were related to the 2,4-D acid or to

the chemicals used in the proces$ of esterification. He states,
"Certainly a sweet taste in the mouth with sialarrhea.[geavy
salivatioé]sugggsts the symptoms were related to the chemicals
used in esterification." ©Unfortunately, there are ﬁo adeguate
épidemiological studies to clarify the point. The Saskatchewan
study has not been submitted for peer review. Except for the
rash, the symptoms are firmly believeditoﬁbe gf.minor conseguence
and transitory in terms of applications 5ithin the urban/suburban

setting.

If the rash is chloracne, then there is a problem and a need for
real concern. However, all evidence indicates that the rash is
not chloracne. The chloracne issue must be reviewed in depth
since the South Okanagan Environmental Coalition Report suggests
or states in numerous places that the phenoxy herbicides produce
chloracne. Warnock and Lewis (1978) state "there is evidence
that all the phenoxy herbicides produce chloracne, even 2,4-D
and 'putified' 2,4,5-T." They state, "Poland and his colleagues
found chloracne among workers in plants manufacturing 2,4-D and
2,4,5-7,..." They also state,
"Two doctors have reported treating more than
40 cases of chloracne contracted by workers in
. pPlants engaged in the synthesis of 2,4-dichloro-
- phenol and 2,4,5-trichlorophenol. There was
some gquestion as to whether TCDD exposure {(from

the making of 2,4,5-T) was responsible for the
chloracne in all cases."
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No reference is provided for the above "two doctqrs."

Finally they refer to.a report by Dr. M.Kay of the U.S. Public
Health Service who tested commercial preparations of 2,4-D and
2,4,5-T through open patch skin tests on hié own arms. They

state, "... both induced chloracne on his arm (Bleiberg and

Brodkin, 1964)."

Careful review of the report by Poland and colleagues (1971)
suggests that the chloracne wés associated with the manufacture
of 2,4,5-T; however, it was statistically impossible to correl;te
the chloracne with any job location within the plant since the
workers commonly worked in more than one location. Their comments
on thloracne are completely concerned with 2,@,5-T, trichloro-
phenol, and.TCDD'(the last, a known and severe acnegenic agent).
They also state, " Although the structures of 2,4-D and 2,4,5-T
(...) differ oaly by one chlorine, the commercial syntheses of
the two compouhds are dissimilar,”™ and, "In 2,4-D production.
there is no formation of the TCDD." There was only one manufac-
turing'plant involved in this study; Warnock and Lewis (1978)
leave the impression that several plants were involved and it can

be construed from their wording that at least one only manufactured

2,4-D..

Since no specific reference is available for the second reference
of Warnock and Lewis (1978) to chloracne in ﬁan&facturing plants,
a review of tﬁ% pertinent literature was made. I.A.R.C.(1977b)
made no reference to chloracne in their discussion of 2,4-D.

However, they gave extensive coverage to chloracne in their

0060229
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discussions of 2,4,5-T (I.A.R.C. 1977c) and the chlorinated
dibdenzodioxins (I.A.R.C. 19772). The National Research

Council of Canada (1978) makes no reference to a relationship

S8V 800oMOd

between chloracne and 2,4-D. In an attempt to determine
specifically if‘2,4-D was related to chloracne of workers
emploved in its manufacture, Dow Chemical Canada Limited, a
major Canadian producer of phenoxy herbicides was queried.

Dr. BE.B. Wallis, M.D., Dow's Corporate Medical Director replied,
"To the best of my knowledge and belief-pp Dog Chemical of
Canada employee assoc;ated with the prodnctlon and/or formula-
tion of Dow 2,4-D SIC Acid has ever developed signs suggestive
of Chloracne" (Wallis 1978). Dow chemical, U.S.A. also reports
a nc-;nc;dence status (Carney 1978). If chloracne were caused
by 2,4-D, undoubtedly'the Therapeutics Index (Gesselin et al
1976) would have mentioned such a relationship. Also the U.S.
E.P.A. (1977) makes no specific comment-about chloracne; the-
U.S. .E.P.A. eimply states, "Irritation of the skin follows

excessive contact with many chlorophenoxy compounds.”

The chloracne incicdent reported by Bleiberg and Brodkin (1964)
is interesting in that it is contrary to experience and more
recent research results. Although I have not exhausted the
literature search, I am convinced that 2,4-D is not a cause of

chloracne.

In conclﬁsion} eublethel effects of 2,4-D as used in an urban/
suburban aréa will be of a minor and transitory nature and co
not- pose a serious hazard to the public.
7705 0000230
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2,4-D and Carcinogenicity

Before discussing 2,4-D specifically, it is necessary to
review a few definitions and concepts concerning cancer(]3).
It is obvious that cancer and carcinogenicity have different
meanings for different people. The next table (]4) lists

some substances.that are known to be carcinogenic. Note
tobacco on the list. The long term trend of cancer, exclusive
of lung cancer, in North America, is downward. If lung cancer
is included in the average, the trend is upward and we know
that there is a cause and effect relationship between'tobacco

and lung cancer.

Looking specifically at 2,4-D, all scientifiﬁally acceptable
atterpts to demonstrate that 2,4-D causes cancer have failed
or are considered "inconclusive". 1Innes et al (1964) screened

120 compounds for twmnourgenic propertieé in mice; 2,4-D as

the acid, the isopropyl ester, the butyl ester, and the isooctyl

ester were classed as "Experimental compounds which did not
cause a significant increase in tumours after oral administration®.

Despite statements by many environmentalists, toxicologists and

statisticians, these conclusions still stand as valigd.

Bansen and associates (1971) fed groups of 25 female and 25 male
rats 0, 5, 125, 625, and 1250 ppm of 2,4-D acid in the basic
diet. They also investigated the effects of 0, 100, 500, 1500
oom of 2;4-0 tﬁ;ough'ﬁhree'generations of rats. The tumour

incidence found in the rats is given in this table (]15). Their

conclusions, "from the pathological interpretation of the cumour

0000231
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incidence it is apparent that the tumocurs were not 'target
organ' types and they were randomly distributed types nor-
mally founéd in aging Osborne-Mendel rats. 1In addition,

the number of animals surviving the 2 year study did not

L8Y 8000MOd

differ from group to group, whereas with a carcinogenic
substance one would exﬁect fewer survivors in the high dose
group." They concluded “the raw data, however, suppori the
~pathological interpretation that a carcinogenic effect has
not been shown." Several persons,have disputed this conclu-

~

sion. A review of peer opinions is desigsble:

I.A.R.C. (1977) commenting on this report states, "Therefbre,'
although increased incidences of tumours were observed in-
one study in which rats received 2,4-D orally, no evaluation
of the carcinogencity of this compound could be made; when
considered in the light of other data. The U.S. Natiogal
Cancerilnstitute determined that the above study "presented
no convincing evidence of carcinogenicity"™ (Johnson 1978).
The U.é. National Center for Taxicological Research evaiuated
the statistical analysis and found the data suggestive of
positive evidence of carcinogencity (Johnson 1978). The Center
also felt that "the data demonstrated the potential for other
chronic health effects. which were not evﬁluated by the research-
ers.” A consultant for the Cancer Assessment Group of the U.S.
E.P.A. “i@formally fepo;tgd that he felt the data{presented
in the study indicated positive evidence that 2,4-D is a

7
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carcinocen,"” however, the Cancer Assessment Group (CAG),

itself, "has neither formally or informally reviewed the

.study in question™ (Johnson 1878). ‘Johnson (1978) states,

"Therafore neither CAG nor EPA has taken a position on

whether 2,4-D is or is not a carcinogen."

In contrast to the above, Warnock and Lewis (1978) state "The
F.D.A.'s s+tudy revealed that 2,4-D caused malignant'tumours
in male and female rats tested: he concluded that *2,4-
dichlorophenéxyacetic acid is carcinogenic in rats." "BHe"is
Dr. Melvin'Reuber, "the consultant to CAG". Officiélly,

the "informal review" attributed to CAG Qas never conducted.”

"Reuber's review was conducted totally independent from CAG.

CAG never authorized the review, and they have no records on

it. Just recently when shown the review,"

indicated they could not comment, or support, its content” .

(Lamberzt 1978) .

Also, Warnock and Lewis (1978) state, "Research by the
Biometics Research Laboratory (1967) and the U.S. Food and
Drug Administration (1963) demonstrates that 2,4-D causes
m2lignant tumours in laboratory rats and mices:"™ The
3iometics Research Laboratory is the repdrt of Innes and
associates (1969) and the U.S. Food and Drug Administration
study is the feport of Hansen and associates (1971) which have

rd
just been reviewed above.
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The conclusion, 2,4-D does not pose a demonsirated cancer

threa+ to the citizens of Nanaimo.

It is worth looking at the Hansen et al. (1871) data once
again. Experimental design dictates enough animals, doses,

and controls. ﬁote that even the control animals have tumours.
To evaluate such data requires an appropriate statistical

design which includes a control; the control accounts for back-

ground noise.

LY
~

2,4-D and Mutagenicity R i

A mutation is an inheritable change in a chromosome (Watson
1976). Emphasis is on the word "inheritable." For an agent
to be considered a mutagen, the change must be passed on to

the next generation!

68F S000MOC

2,4-D.was demonstrated to be non-mutagenic in Escherichia cecli ang

Salmonella tvphimurium (Anderson et al. 1972; Nagy et al. 1975;

Zetterberg et al. 1977). A test involving Bacillus subtilis

believed to give an indication of reparable DNA damage proved
negative, thus suggesting that 2,4-D does not damage DNA
(Shirasu 1975). Serum from 2,4-D orallf dosed rats had no

mutagenic effect on Salmonella tvphimurium (Styles 1973)..

Vogl and Chandler (1974) demonstrated no mutagenic activity of

2,4-D in male Drosphila melanogaster flies. Epstein and

associates (1972) found that a total of 75 mg/kg of body weight

of 2,4-D givenw over a 5 day period did not increase dominant

.o /19
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lethal mutations in mice; single injeﬁ£ion of 125 mg/kg

of body weight also had no effect. Injection of 100 mg/kg
of body weight of 2,4-D did not increase the micronuclei of
mouse bone marrow erythrocyte (hemoglobin-rich blqod) cells;
the compound did, however depress slightly mitotic activity

(Jensen and Renberg 1876).

‘Using cell culture techniques and experimental methods not

widely recognized nor readily interprgtable Ahmed and_associates
(1977a) demonstrated that 2,4-D can produce DNA damage in

human fibroblast cells; however, the cells were able to repair
the damage. They have also shown that 2,4-D fluid acts as a weak
mutagen of a specific 'cell line derived from the lung of a male
hamster; they sugges: that this approach, if coupled with other
assays, might be used as a prescreen for mutagens (Ahmed et al.
1877b). 1In essencé, it is not known whether Ahmed and associates
work héds practical application. For example, how does one
relate the artificial cell culture technigue to the way the cell
behaves in the body and@ how the physiological processes of the

body effect the cell?

Several studies have referred to chrcmosomal abberations (break-
age, pairing of fraqments, inverted linkage of fragments) in
animals (Shay 1870; Bongso and Basrar 1573) and ?ven in humans
(I.A.R.G{‘1977: Golberg 1971). Some clastogens (cﬁromosome.

abberation causing agents) are presented in this <able (16).

7710, /20
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In all of the clastogen positive studies invelving 2,4-D,
none have concluded that 2,4-D causes mutations in animals or
bacteria! The reason for mammals being: mammalian systems
have defense mechanisms to prevent the damage from being
passed onto succeeding generations, for example, cells can
repair the damage, damage may prévenﬁ the cell from reproduc-
ing, the cell may die, the cell may be killed by natural
antibodies.

-

-

Because 2,4-D acts as a plant growth regééﬁtof it can be assumed
that it is a plantclastogen and/or mutagen. It does not follow
that if an agent causes mutations in plants, that it will cause
mutations in animals. 1If such were the case, there would be no

need to test with laboratory animals.

Before concluding, it is worth looking at the three generation
rat study of Hansen and associates (1971) (17). Three genera-
tions of rats fed a diet containing 2,4-D and no genetic abnorma-

lities were mentioned.

All evidence demonstrates that 2,4-D is not a mutagenic agent
in mammals.
2,4-D and Embryotoxicity

Karnofski's Law (182 *Any drug administéred at the proper dosage,
at the proper stage of development, to embryos of the proper
species;fQill be effective in causing disﬁurbanqes in embryonic
development"” (Wilson 1972). The law holds true for many other,

if not all, tydes of chemicals. This (]9) is a very incompleie

S ArS § WP
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list of products or substancesknown to have embryotoxic

effects, in this birth defects, on at least one species of

laboratory mammal.

Embryotoxic effects of a chemical are manifested in many
ways: spontaneous abortion or miscarriage, stillbirth, decreas-
ed fetal weight, deformities, wavy ribs, and immature (soft)

bones. Agents causing birth defects are called teratogens.

There is no evidence that 2,4-D causes spontaneous abortions,
miscarriages, or stillbirths. There is no suggestion in the
current scientific literature that even suggests such a

hazard exists. We must remember that at least one conception
in seven results in a spontaneous abortion.. 1 believe that it

is valid to say that 2,4-D is no hazard in terms of spontaneous

abortion.

Hansen apd associates (1871) data suggest that reproductive .
function of rats in the three generation study was not altered
by the 500 and 1000 ppm 2,4-D diet. However, percentage of °
pups surviving to weaning and weanling weight was decreased by

1,500 ppm of dietary 2,4-D. There is no likelihood that a

person would consume such a level in a normal or even fad diet.

We now can look at Eeratogenicity. Most work has been done
with ra;s'ana mice, hamsters, guinea pigs, monkeys, and live-
stock. Dost (1978) concludes that sheep apparently are not

/

subject to 2,4-D induced birth defects.
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Mice, (20) contrary to environmentalists, and some
biologists, are highly sensitive to many chemicals and

drugs. Laboratory mice have a great propensity for a

et 8000 MC

specific defect called cleft palate.(?]) This lists only
some of the agents known to cause birth defects in mice.
This certainly guestions the use of mice for teratogenicity

studies.

Schwetz et al. (1971) determined that 2,4-D at the higher
-daily doses (75 mg/kg as 2,4-D, 75 mé/kéjas 2,4-D propylene
glycol butyl ester; 87.5 mg/kg as 2,4-D ;;ooctyl ester), levels
jﬁst below the maternal toxic dose, causea decreased fetal

" weight, subcutaneons edema, delayed bone ossification,and

wavy ribs. -Khera and McKinley (1972) observed wavy ribs or fused
sternum in rats associated with 2,4-D doses as low as 25 mg/kg/
day. 2,4-D at doses of 100 mg/kg/day through days 6-10 of
pregnancy caused a low incidence of anomalies, usuélly fused.-
ribs.© A woman weighing 50 kg would have to consume 5000 mg

or 5g of 2,4-D for at least 5 days of her pregﬁancy; cutting
this to half begins to approach a dose that is non-lethal
(based on Seabury's observations). Levels involved are well
above -levels one could ever anticipate a person receiving:

without knowing.

Summarv .
There is no evidence to suggest that 2,4-D as usecd by Parks

or School Board employees is a hazard to the public of Nanaimo.
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In conclusion there are many of us, like the local Council

of Women, who are genuinely concerned for the well-being

‘of our children. Too often we become emotionally involved

and have not or cannot make an objective evaluation of the
data or even accept new data. It is unfortunate that there
are individuals and groups who, for whé%;ver reason, attempt
to subvert this genuine concern. 2;4-D and its supporters have
been vilified; the benefits of 2,4-D to us and future genera-
tiohs have been ignored. The p;ime achievement of these
vilifiers has been to confuse and frighten the public. Like

cancer, confusion and fright will spread ané Zestroy.
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An example of misleading editorializing by the press;
lack of objectivity and truthfulness. '

N
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QUESTIONS FOR WHICE I SEIZK ANSWERS AS A

FOREST ECOLOGIST AND POSITIVE ENVIRONMENTALIST

R
What effect will 2,4-D have on the function and specific
components of the ecosystem?

What are the risks of 2,4-D in terms of: lethality,
carcinogenicity, teratogenicity, mutagenicity,
abortagenicity, embryotoxicity?

What are the hazards to man, animals and plants when
2,4-D is used nonmmally? e

What are the benefits and costs to society of the use
Of 2'4—D? - ) R - ’

What are the alternatives?

“,
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‘MAJOR MISCONCEPTIONS CONCERNING 2,4-D

2,4-D was developed for chemical warfare.

2,4-D has been shown to have caused birth defects and
cancer in Vietnam.

Because 2,4-D belongs to the phenoxy herbicide group it
has the same contaminants and physzologlcal effects -
the family likeness syndrome.

.‘_‘ -

2,4-D accumulates in the env1ronment and mammallan tis-
sues.

The South Okanagan Environment Coalition's claim that
"'The Other Face of 2,4-D' stands up to rigorous scien-
tific scrutiny,” is the best scientific document on
2,4-D and is fair. '

“

®
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1880~
1890

1925

1934

1941

1541

1942

19843

1844

1944

1944

1945

DISCOVERY AND DEVELOPMENT OF 2,4-D

Darwin discovered plant growth toward light governed by
tip.

-

rits Went discovered "auxin," a growth promoter. *'

F. Kogl discovered Indoleacetic acid (Iaxn), a growth
promoter, in plant tissues.

R. Pokorny reported 2,4-D and other chloronhenoxyacetlc
acids.

Dr. E.S. Xraus suggested that growth stimulators be
locked at for plant-killing ability.

Dr. Kraus aware of crop-killing potential of growth regu-
lators; advised U.S. National Academy of Sciences.

Dr. Kraus reported formally to National Acaaemy o
Sciences on herbicides.

U.S. Army, Camp Dietrick, herbicide research begun under
direction of Dr. Kraus.

Mrs. Fanny-Fern Davis began testing 2,4-D on turf (golf
courses and parkways). .

2,4-D used on German grain field (unsuccesfully) to

destroy alcohol source for V-2 rockets.

Japan already producing 2,4-D commercially.

; ﬁﬁgs

\
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1946 2,4-D introduced to North American farmer.
1968  U.S. 2,4-D production 36,000,000 kg.
1970 U.S. 2,4-D production 20,000,000 kg.

1974 U.S. 2,4-D production 27,000,000 kg-used as follows:

Xy Million kg
~ wheat and small grains _ 31 8.4.
- corn and grain sorghum 26 - - 7.0
- pasture .a.nd range 25 6.8
- industrial and commercial 9 2.4 -
- lawns and turf 5 1.4
- aguatic weed control 3 - 0.8
- rice and fruit 1 0.3

1975 Japanese 2,4-D production 511,000 kg.
European ﬁroduction (western) 3,000,000 to 30,000,000 est.

Eurcpean production (eastern) <10 ;000,000 kg est.

“
.
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I
g HERBICIDE FORMULATIONS USED IN VIETNAM
E; BY U.S. MILITARYY/
‘)
i E: Millions of
O * Gallons Conc.,
'a Formulation (1965-1971) Herbicides Ratio 1b/gal
Agent Orange 11.22 ' 2,4-D:2,4,5-T 1:1 4 + 4.6
Agent White 5.24 2,4=D:Picloram 4:1 2 + 0.54
Agent Purplé. - 2,4-D:2,4,5-T 1:1 -

Agent Blue l1.12 Cacodylic Acid 3.1 (1.7 1»
: is arsenic)

(Note: Agent Purple replaced by Agent Orange in 1964).

1/ .

=~/ From Council.for Agricultural Science and Technology.
1975. Effects of herbicides in Vietnam and their :
relation to herbicide use in the United States. '
C.A.S.T. Report No. 46. 13 p. '
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PARTIAL LIST OF COMPOUNDS OF THE DIOXIN FAMILY

(Theoretically 75 isomers are possible - Blair 1973)

DCDD (May be in 2,4-D)
M

1-Chlorodibenzo-para-dioxin

2-Chlorodibenzo-para-dioxin

1,3-Dichlorodibenzo-para-dioxin

1,6-Dichlorodibenzo-para-dioxin

2,3-bichlorodibenzo-para-dioxin

N

'"i;7-nichxorodLbenéo-gara-dioxif_zfgg)

St —

2,8-Dichlorodibenzo-para-dioxin

1,2 ,4-Trichlorodibenzo-parg-dioxin

2,3,7-Trichlorodibenzo-para-dioxin

1,2,3,4-Tetrachlorodibenzo:garq—dioxin

!JgJJJp-Tcgyachlorodibenzo-para-dioxin

l.1.h,ﬂ—1hlrnghlorodlbenzo—parq—dioxin

l,3,7,8—Tetrnchlorodibenzo-para—dioxin

3

TCPD (Not in 2,4-D)

2,3,6,7-Tetrachlorodibenzo-para-dioxin

(ifij3j7LB-T@trachlorod1benzo~para-diox1;-;EEE:)

1,2,3,Z,8-Péntachlorod1benzo-para-dioxin

1,2,4,7,8-Pentachlorodibenzo-para-dioxin

1,2,3,4,7,8-Hexachlorodibenzo-para~dioxin

1,2,346.7;ﬁ-nexachlorod1benzofpara—diox1n

1,2,3,6,7,9-llexachlorodibenzo-para-dioxin

/
1,2,3,7,8,9-llexachlorodibenzo-para-dioxin

1,2,4,6,7,9-Hexachlorodibenzo-para-dioxin

1,2,3,4,6,7,8-Heptachlorodibenzo-para-dioxin

1,2,3,4,6,7,8,9-0ctachlorodibenzo-para-dioxin ocpp

MOd 6
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NUMBERS OF ANIMALS SURVIVING AFTER VARIOUS TREATMENTS

WITE OCDD AND DCDD (DIOXINS)l/

Mice (50/group) Rats (35/group)

Week Week

of No. of of No. of .

Compound Sex Test Survivors Test Survivors
Controls M 31 50 34 35
F 31 50 34 35
1% DCDD M 17 49 .17 35
F 17 48 17 35
0.5% DCDD M 17 50 17 35
. b3 17 49 17 35
1% OCDD M 10 0 32 0
F 37 5 22 0
0.5% OCDD M 8 0 37 0
F 37 . 45 25 0
0.25% OCDD M 17 1 17 28
F 15 0 17 15

. : . ‘
1/ xing;'M;B.,'A.M. Skefner, R.R. Bates. 1973. Carcino-

geriesis bioassay of chlorinated dibenzodioxins and
related chemicals. Environmental Health Perspectives

5:163-170.
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HUMAN EXPOSURE PATHWAYSL/

]

|

. . ]

- ]
AE) SKIN B| «<— [BLOOD CELLS ! E
M N Absorption 0 ! L

p v |— |proplets  |—— | ;| «— | TISSUES/BONE/BRAIN ;
Regidue I
[!: ;lz Vapors. Y I [sWEAT GLANDS | SHEAT|—— | M
) ' - |
N 0 .| INHALATION F| <« |LIVER — | FECES|—— [y
T N|—— | vapors —_— L , ' a A
M Droplets U o KIDNEYS - » | URINE| —— T
E | ' | :

L %> S R it [FECES|—

1/ Adapted from U.S. E.P.A. (Behar, J.V., E.A. Schuck, R.E. Stanley, G.B. Morgan. 1979.
=X Integrated exposure assessment monitoring. Environ. Sci. and Tech. 13 (1):34-39).
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HUMAN EXPOSURE PATHWAYSI/

————————————————————————————————————————————————————————

S |
AE|.L [SKIN B |e—_IBLOOD CELLS ' -
B v|— bropicts . |——> D1l <= [TISSUES/BONE/BRATA L
- M Vil e | SHEAT GLANDS | - » | SHEAT|—E J
N O - INIIALATION Flles==—| LIVER |- ==——=—=—=—=—2,| FECES — )57 "
T :'1 T |oreeters | t =—{ KIDNEYS | =~| URINE Z_"_’_,%””/T\
; INGESTION | S S (L |
U O = i A b £ + [Feces]—

o —_

1/ V., E.A. Schuck, R.E. Stanley, G.B. Morgan. 1979.
Napted from U.S. E.P.A. (Behar, J.V., ’
gg Igteqrated exposure assessment mohitoring. Environ. Sci. and Tech. 13 (1):34-39).
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ACUTE TOXICITY RATING OF

SOME COMMON SUBSTANCES

Amphetamine

Aspirin

Borax
Caffeine

Ethyl Alcohol

- Gasoline

~ Gravol

Salt
2'4-D .

Warfarin (rat poison)

W

Rating

L7V VL I

4~5

[ W S S N

- Oral LDsg
(Mg/Kg for Rats)

5

750-1750

5560
200

450-13700

150
500
3300

300-1000

1l
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CANCER

CARCINOGEN
(broad sense)

-CARCINOGEN
(strict sense)

MALIGNANT

BENIGN

TUMORIGEN

ONCOGEN .

CANCER TERMINOLOGY

An abnormal and unrestrained growth in cells
and tissues that producesdeterious and often

fatal effects.

An agent capable of producing either benign
or malignant tumors in a variety of tissues.

An agent capable of producing a malignant
tumor.

An inherent tendency.of &ells to invade the
body widely and relentlessly, to become dis-

. seminated by subtle means; and eventually to

kill the host unless all malignant cells are
eliminated.

An inherent tendency of the cells to remain
in contact with each other in one solid mass
centered on the site of origin; a benign
tumor can cause death purely by virtue of
location.

An agent capable of producing a tumor.

An agent capable of producing a tumor.

Mmod

SIS 8000-—

7734

0000260



DOW000S 516

KNOWN CARCINOGENS

Carcincgen is used here in the broad sense.

-

\

Alkaloids (Tansey tea) Liver tumors

Respiratory tract

Arsenic
Asbestos Lung
Benzene Leukenia

Chromium trioxide Nasal and sinus cavities;
- larynx and lung

"Ergot Nerve tumors - )

Estrogen Uterus; fibrous tumors
Sodium nitrite Gastrointestinal

Tobaceo Lung; mouth and throat

N

s
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a/ Oonly one rat mammary tumor counted when multiple.

b/ Only one fibrosarcoma counted vhen multiple.

1/ llansen et al. 1971,

D vtnim DpEN IN TS Ty 2, ol ORO_NOYTET  AC T OB YE Y

12502 625 125- 25 5  Control

M F MW F M F M F M F M F

Total number of rats 25 25 25 25 25 25 25 25 25 25 25 25
Rats with tumors 7 15 6 17 6 14 5 13 5 9 3 12
Rats with amlignant tumors 6 8 5 3 2 5 4 3 2 6 1 5
Pituitary adenoma 0 6 0 6 2 2 0 4 1 1 0 2
Pituitary adenocarcinoma 0 0. 0 0 0 2 0 0 0 0 0 0
Mammary fibroadenoma a/ 0 7 0 12 0 8 0 8 0 3 0o 7
Mamméry adenoma 0 1 0 0 0 0 0 0 0 0 0 0
Mammary adenocarcinoma a/ o 7 o 2 0 2 1 3 o0 4 o 3
Fibroma ’ 1 0 o 0 0 0 0 0 0 0 0 0
Fibrosarcoma b/ 2 0o 2 0 1 0 0 0 1 2 1 0
Lymphosarcoma 2 0 K 0 1 0 K 0 1 1 0 0
Endometrial sarcoma. 0 1 0o- 0 0 0 0 1 0 0 0 1
Interstitial cell tumor 0o o 2 0 1 o 1 o0 1 o 2 0
llemangiosarcoma (ovary) o 1L ¢ o o o 0o 0 0 0 0 1
Granulosal cell carcinoma (ovary) 0 1 0 1 0 0 0 0 0 0 0 0
Aednocarcinoma (pancreas) o 0 0 0 1 0. 0 o 0 0 0o o0
Adendcarcinoma (lung) 1l 0 0 0 Oﬁ'fl o 0 0 0 0 0
Adenoma of liver 0 0 1 0- 0 0 0 0 0 0 0 0
Adenocarcinoma of thyroid 1 0 o o0 .0 ‘0 o 0 0 0 O O
Adenoma of adrenal 0 0 0 1 0 0o -0 2 1 3 0 0
Adenoma of lung 0 0 0 1 0 0 0 0 0 0 0 0
- lemangioma of ovardes 0 0 0 0 0 0 0 1 0 0 0 0

g o alaYale

mod
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KNOWN HUMAN CELL CLASTOGENS

.-
. -
A

-
-~

AGENT SOURCE

Aflatoxin ’ Peanut butter
Benzopyrene ' Burnt toast

Caffein ' Coffee, tea, cola drinks
Cyclaméte Artificial sweetener
Methanol ? .
Monosodium glutamate ? Food seasoning

2,4-D ' Herbicide

:obacco_Smoké ? Cigarettes, Cigars

A
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4. - Gl _WAT Rl JDU. ON JDY ‘R .t 12, DICT HRO: NO) CET ACI (2, = ,

. a/ . Number of
2,4~D {n Dict Number of Fertility— Number of / Pups Weaned Pups Lost Weaning Weight(g)
(ppm) Females Mated X Pups Born Litter Size— Number 2% or Dead Female Male
F
la Geperation
0 19 100 . 9.6 177 97 5 33.8 32.5
100 19 95 _ 11.4 159 78 46 30.1 28.9
500 o 20 95 10.5 119 60 80 32.8 - 30.5
1500 . : 18 100 8.1 73 50 72 24.5 21.7
: S lr1b Generation .
o™ 20 100 9.3 - - 130 70 55 36.6 35.7
100 ’ 19 100 ‘11.2 160 75 53 41.6 38.2
500 19 ) 95 9.9 127 71 51 35.6 33.4
1500 : 17 100 8.4 28 - 20 114 26.0 24.7
la'2a Generation
0 19 100 8.4 147 92 12 38.5 38.1
100 20 100 _ 9.5 . 142 15 47 40.8 37.8
500 20 100 . : 10.4 193 ° 93 14 37.3 - 34.3
1500 2 . 100 ' 8.0 10 38 6 31.1 31.1
: : PZb Generation
0 18 100 8.5 120 78 .33 41.3 39.7
100 20 100 . 9.8 168 B6 28 38.5 37.2
500 20 100 10.6 161 117 49 33.7 J2.1
1500 ) 3 . 67 11.0 14 36 - 8 1.1 35.0
. raa Generation
0 20 . 920 9.9 169 95 9 ) 37.6 36.1
100 20 85 ' 11.2 170 89 21 38.4 35.4
500 ’ 20 100 - 10.6 173 82 39 38,5 38.4
o 1500 4 100 11.5 3 62 1 30.7 28.3
g F3b Generation
o 0 20 9s 11.6 188 85 32 52.0 49.1
et 100 20 70 12.4 133 76 41 49.3 46.9
< 500 20 100 10.9 182 84 35 45.3 42.0
1500 4 100 _ 11.3 28 62 17 32.4 35.1

LY

7z i!/ Number of litters/numbers of females mated x 100, "

@ b/ yenn values, 6TS |/NNO MOO

£
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KARNOFSKI'S LA .

ANY DRUG ADMINISTERED
AT THE PROPER DOSAGE.
AT THE PROPER STAGE OF DEVELOPMENT
To THE EMBRYOS OF THE PROPER SPECIES,

WILL BE EFFECTIVE IN CAUSING DISTURBANCES
IN EMBRYONIC DEVELOPMENT.

SOURCE: Wirson 1972, °

~
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DRUGS AND CHEMICALS

THAT CAUSE BIRTE DEFZCTS

IN AT LEAST ONE SPECIES OF

LABORATORY MAMMALY/

SALICYLATES (Aspirin, oil of wintergreen)
CERTAIN ALKALOIDS (Caffeine, Nicotine)
TRANQUILIZERS (Meprobamate, Chlorpromazine)
ANTIHISTAMINES (Buclizine, Meclizine, Cyclizine)

ANTIBIOTICS (Chloramphenacol, Streptonigrin, Penicillin)

ANESTHETICS (Nitrous Oxide, Pentobarbital)

SOLVENTS (Benzehe, Dimethylsulfoxide/DMSQ, P:ppylehe Glyéol)

«

L/ .Wilson, James G. 1972. Address presented to 25th Annual

Meeting Southern Weed Science Society. 4 p.

(Dr.

Wilson is with Children's Hospital Research Foundation
and Departments of Pediatrics and Anatomy, University

of Cincinnati, College of Medicine)
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PRENATAL ZFFECTS C’ EzPBICIDES: EVALUATION BY THE PRENATAL DEYELOPMENT INDEX

Niei

o : I
- —-?1\. Dizne Courtney? ~ JILY. JUi 1 61878 §) i
.- . iane Lourtn y .'J\EL:_ :-—. R_,l]‘_),':
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AGENTS DEMONSTRATED TO CAUSE BIRTH DEFECTS

IN LABORATORY MICE

Agent Defect
Airplane ride Cleft palate
A

24-hour fast

Movement limitation Cleft palate
Subcutaneoué.sodium chloride .

5°C temperature change

2,4-D : | . Cieft palate
Water deprivation Cleft palate
Raisin diet 1 day ' Cleft palate

Loud noises ‘ ' ' g 4 
. . . &

O

Source
Brown, et al. 1970
Kalter ;nd Warkany 1959
Rosenzweig & Blaustein 1970
Nishimura & Miyamoto 1969
Davis 1979
Courtney 1977
Schwetz, et al. 1977
Peters & Strassburg 1969

Davis 1979
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.. Ban spraying .

after Madison

 child affected

MADISON, Wis, (AP) — The
weed killer 24,D was temporar-
ily banned by city officials
Wednesday aiter a child, whose
father had been exposed to
Agent Orange in Vietnam, had

Hospitals,

James Wachtendonk said his
son suffered the seizure just
after his wife Mary detected a
chemical smell in their home.

“I've never seen Zachary in
that shape in my life,” Wach-
tendonk said.

“I can handle what happens
to me because I'm an aduit,
but I can’t stand it when it hap-
pens to them. It’'s chemical
genocide,” he said.

Wachtendonk said his son is

seizure-prone as-the result of

birth defects, and that he had

at least three occasions while

serving as a scout in Vietnam.

Agent Orange, used to defo-
liate jungle growth that con-
cealed enemy soldiers, contains
chemicals which are blamed by
many Vietnam War veterans
for causing ill health and af-
fecting their offspring.

Wachtendonk said he and his
wife believe the chemical was
responsible for his nervous sys-
tem problems and the con-
genital problems of Za
and their daughter, Reeanne. 3.

S what his parents called a seiz- 20, 2T infection Wednqsday

z ure while a Parks Deparun_ ent ::::hnc?y have lowered his re- C

S crew sprayed the herbicide. Nevertheless, he said he feels (

S The moratorium was issued the chemicals _triggered the -
by parks superintendent Daniel seizure. o

‘=3 R. Stapay after officials were Wachtendonk said he was =

= notified-that Zachary Wachten- “frantic” after the herbicide o ¢

o donk, 21 months, became ill was sprayed near his home and o~

=°= when the herbicide was said he may sell his home. c

= sprayed in a park near his *“1 don't know if a safe place -

o, home. - exists,” he said. o C

n The child was treated and  Wachtendonk, 30, said he was o C
discharged from University sprayed with Agent Orange on X

Countywide ba

Milwaukee Jour®1 10/10/80

non 2,4-D
to be sought in Madison

T {bi ' : T ' May sell bome
Special to The Journal birth defects, especially in a-place where people i

M dison, Wis. — Lynn Haanen, a member of | send their kids to play,” he said. _ Wachtendonk said he :,;i :,gtgea::; t_::mp
D: County Board, said Thursday that she | Haanen said she is optimistic about the pas- bicide was sprayed. ne :
..v‘omd “introduce resolutions in the County sage of the measure in both the County Board nnght sell hlshoxﬁe. safe place exists.” he sald.
Soard and the Madison City Council calling for and the City Council. ) 1 don't know 3a0 wg e mwas g Rhra

moratorium on the use of the herbicide 2.4-D.  Tne Wachtendock child was treated and dis-- Wachtendonk, ; said he W yed w
a Haanen's request for the moratorium Was-charged from University Hospital Wednesday. agent -Orange on’ ‘Vietna.m _ occasi.
issued Thursday after Zachety Wachtendonk,  wachtendonk said his son suffered the sei- serving as a scout in Vie emicals which |
fxs months old, had a seizure Wednesday while zyre just after his wife Mary detected a chemi- Agent Orange contains ¢

)
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i Vietnam War veterans for cs
dant was spraying the weed caj smell in their home. blamed by many
;il?:zilra\{’:f:?:;“k- near us:: child’s home. “I've never seen Zachary in that shape In my ing ill heaith and :!!t:l:::tsi:% tg:ir :;:sphl;iggiw o

The boy’s father, James, was exposed 10 life " Wachtendork said. Mrs, Wachtendo

. ‘for weed contr

e believes it is responsible for his nervous sys- Turn to Herbic_x_'de._.{’_a 1ge i 'nei-,‘.ghborh(.;od had lawus sprayed f‘?
tem problems and for congenital problems of Yy ,cotets
‘.’.achgry and a daughter, Reeanne, 3. Herblcxde .
‘ssued a report saying that there is a “signifi- - 2 4_D b Sked
cant gap” in the information on the effects of s an a
he 2,4-D on human beings. . :
of the use of the chemical in Madison and Dane an & dult, but ] can't stand it when it happens to
sounty utx;tii:sts!;efe‘i?é issues “conclustve evi- I:;::m. It's chemical genocide,” he said. .
dence as ty. . prone i
srdered a2 moratorium on the chemcial’s use, at
ieast until the Madison Health Department is- the result of birth defects, and that he had an ear
sues & report on the h'ﬂ-’-i'-:-ig?'-’--wew"sw.l-nfecdon Wednesdsy which might have lowered
aicka might keep the ban in effect even after - Nevertheless, he sald, he feels the chemicals
“he Health Department -report was issued. He rrl;zered the seizure. )
would then await EPA findings.
us. . all Madison parks, although Springman
saia Skornicka had been unaware of that until
Wednesday.
L gainst the War, criticized the chemical's use
n parks.

BI think it Is insane to spray parks with a

Agent Orange, another herbicide, in Vietnam. ] cap handle what happens to me because Jems at other times in the past when people in
The Environmental Protection Agency has
Haanan’s resolution calis for discontinuance - From Page |
Madison Mayor Joe! Skornicka had already .
Wachtendonk sald his son was seizure-prone as
Springman, an aide to the mayor, said Skof- liis resistance. '
.’ 9rding to Haanen, the chemical has been
Dennis Kroll, of the Vietnam Veterans
hemical that causes nerve damage, cancer and
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Public intervenor urges dialogue -
~ between farmers, environmentalists

Environmentalists should
“open the door of dialogue”
with farmers, according (o
Wisconsin's public intervenor,
because many -farmers are
eﬁually concerned with the
adverse effects of pesticide use.

Thomas Dawson spoke (o
about 15 people Sunday night
during a meeting of the Central
Wisconsin Citizens Pesticide
Control Commitlee at the
Sentry Auditorium.

“Farniers are not your
adversaries on this Issue,”
Dawson sald. “Farmers are
concerned about their land,
about surface water from which
their cattle drink and they
irrigate, they are concerned

" about the ground water from

which thelr familics drink and
they lirrigate, about their
children, about rising costs of
pesticides and about pests that
are building Immunities to
pesticides.”
Environmentalists should
realize that “‘there Is pressure
on farmers not to speak out,”
Dawson said, adding that
farmers are beginning to

- contact the public intervenor's

office for help.

“*We must reach out to them
t0o,” he sald.

But Dawson sald a distinctlion
must be made between farmers

and “agri-industrialists.”

“A lol of family farmers are
concerned. There are more
lawsuils filed by farmer against
farmer (for pesticide misuse)
than any other group,” he said.

One farmer, a member of the
state Department of
Agriculture, Trade and
Consumer Prolection Board,
suggested Instituting bulfer
zones, a concept that Is
advocated by environmen-
talists, Dawson said.

He said Integrated Pest
Management, another concept
strongly espoused by
environmentalists, is
salvation of family farms.

“Otherwise they will be
doomed lo the huge apri-
industrialist
Dawson said. “We need, nol to
preach to farmers, but to open
dialogue. We have to keep that
door open, especially with
farmers that are on the fence."

Despite advances being made
through the Proposed revisions
to the state’s pesticide rules,
major {issucs still remaln,
Dawson sald, and the fssues
must be addressed during the
agriculture  department'’s
public hearings this {all.

(Hearings will be held at
Stevens Point Area Senlor High
School Nov. 12and 13).

the -

complexes,” .

An overall issue, Dawson
sald, Is whether the slale's
roposed rules will protect the
ﬁeallh and environment in the

* slate.

“The rules are an attempt to
throw a bone {o
environmentalists and the
farming communities. We don't
know (he full impacts of
pesticide use, yet we are ex-
pectled to constantly show harm
and this, as a matler of public
policy, Is wrong,” Dawson sald.

He said the burden of praving
salely should be on the
industry, rather than putting
the burden of proving barm on
the victim. i

Another lssue is the éxtent of
publie articlpation In

olicymaking, Dawson sald.

he two ways to be heard, he
said, are through testimony at
the public hearings or through
direct contact with the
Agriculture Board. But people
who wish to address the board
must give notification at the
hearings,

“Even then, the boatd may
choose (o hear you only in
writing,”" Dawson sald. -*We
need constant pressure on thg
agriculture department to open
up the process." X

The public has a right to basic
data on pesticide use in the

state, Dawson said, and the
vecord keeping provisions in the
proposcd rules necd to be
strengthened,

“We don't know what is being
used, how much, where, who is
using it or how iU's applied," he
sald. *The Wisconsin public will
not demand action be taken
until they know these facts."

He sald the agriculture
department is resisting strict
record keeping provisions
because it says it would be a
“bureaucratic hassle"
there is Insufficient staff time.

The department s
contemplating laking a survedy
of pesticlde use, Dawson sal
and the public must demand
that enough experlise be
Included to assure accuracy.

“We also need to know the
human health elfects, the
environmental effects, the
eflect on streams, ground
water, alr quality and wildlife.

We need to know the cffects on.

agriculture. We need to know
about long and "short term
effectls on crops. We are hearing
about pests becoming surer
bugs that are resisting
pesticides. We are hearing of
eflects on livestock,” Dawson

- said.

An alternative lo current
(See pesticides page2)

and

- registration suspension and

o)
&
F QS
oS

pesticides
{Continued from page 1)

ticide use Is Integraled Pest
anagement, he sald, and that

concept should be Included in’

the pesticide rules,

Although the agriculture
department seems to be
learning toward advance
notification of adjacent
Jandowners of pesticide
application, it has refused to
drscuss buffer zones and wind
speed standards, Dawson sald,
1t also has neglected to provide
alternative proposals.

Liabllity for violations should
be the same for drift and
overspray, he said, and the
rules should Include mandatory
sanctions and adequate
enforcement standards,
including

license and

revocation,

In other actlon, the pestlclde.

control commititee re-elected
the following officers: Mary
Ann Krueger, chairman; Ken
Gray, vice chairman; Maureen
Fazen, secretary and Arvella
Joost, treasurer.

The commiitee also went on

. record expressing concern over

the quality of the research
being conducted on aldicarb in
the ground water of the Central
Sands area, and it went on

. record supporting Dawson's

proposal for including
Integrated Pest Management in
the administrative rules.
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2,8,5=T / FTSTERON IRATEMAFRK

I PAVE HAL SEPARATE TISCUSSICNS WITF STZPREN ANDR3:%S, JCEN
TRENCYXPOEL ANT BNE KINCAID OM THE ABCVI SURJFCT,

CFS’S VIEw IS THAT T:F ESTERCN TRADEMAP¢« IS TH BE USED ON 2,4,5-T
PECINCTS CATY. WE CANNOT SUPPCRT TEIS TPALEMARY BEING USED FOR MCPA.

:YCUR USE CF ESTERCN TRADEMARK FCR 2,4,5-T PRODUCTS SUCH AS FSTERON

BI ESTER T, ESTERCN 2,4,5~T BUTYL ESTER AND ESTERON BRUSHYXILLER 424
AFE VIFY CICSE AGREEMENT. STEPHEN WILL ANSWER SEPARATEIY. TO SKHCW
EC4 CLCSE YOU ARE, RE IS GOING TO SUGGEST ESTERCN 424 RRUSHARILLER,
I¥F PRACTICARLY.

ENCWING THAT YOU BAD PREVIOUSLY SOLD ESTIRON BRUSHXILLER ANT TEAT
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CCMPARATIVE TOXICOLOGY OF VARIOUS CHLORINATED DIOXINS
AS RELATED TO CHEMICAL STRUCTURE *

Marguerite L. Leng

Health and Environmental Sciences
The Dow Chemical Company
Midland, Michigan
UISOA. hesho

SUMMARY

The generic term "dioxin" pertains to a family of compounds which are
structurally similar but vastly different in toxicity. It is often used
incorrectly to designate one member of the family, 2,3,7,8-tetrachlorodi-
benzo-p-dioxin (TCDD). There are TS5 possible polychlorinated dibenzo-p-
dioxins (PCDDs) with a million-fold spread in the dosage level required
to kill laboratory animals. Those with four or five chlorines located at
all four lateral positions (2,3,7 and 8) are extremely toxic. The toxi-
city is progressively decreased by moving one or more chlorines to peri
positions (1,4,6 or 9), and/or by having fewer or more positions substi-
tuted. Data are reviewed from e number of studies demonstrating this
relationship. The relative hazard from potential exposure to the highly
toxiec 2,3,7,8-TCDD is also discussed.

FORMATION OF DIOXINS

Low levels of polychlorinated dibenzo-p-dioxins (PCDDs) can be formed as
byproducts during the manufacture of chlorcphenols under alkaline condi-
tions at elevated temperatures and high pressures. The resction is a
two-step process involving bimolecular condensation of chlorophenates
followed by internal ring closure. The number and position of the
chlorine substituents on the dioxins depend on the chlorophenates present
in the reaction mixture.

For example, trace amounts of the highly toxic 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD) are formed during the manufacture of 2,4,5-trichlorophencl
by alkaline hydrolysis of 1,2,4,5-tetrachlorobenzene (Figure 1). This
TCDD can be carried through into products made from 2,4,S5-trichlorophencl,
such as 2,4,5-trichlorcphenoxyacetic acid (2,4,5-T) and hexachlorcphene
[2,2"~methylene bis (3,4,6-trichlorophencl)}. Similarly, condensation of
2,4 ,6<trichlorophenate during its manufacture under alkaline conditions
produces the expected 1,3,6,8-TCDD, as well as the isomeric 1,3,7,8-TCDD
by Smiles rearrangement (Figure 2). On the other hand, the expected 2,7-

dichloro isomer is not likely formed by condensation of 2,4-dichlorophenate

under the acid conditions used in its mamufacture by chlorination of
phenol (Figure 3).

# Presented a% symposium of Colleborative International Pesticide
Advisory Council (CIPAC), Baltimore, Maryland, June 7, 1979
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In all, 75 possible PCDDs could originate from condensation of chloro-
phenols with two to five chlorine substituents (Table 1). Of these, 22
are tetrachloro isomers. However, as shown in Figures 1, 2 and 3, only
symmetrically substituted isomers with an even number of chlorines are
likely to be formed from reaction mixtures containing predominantly one
chlorcphenol such as in menufacturing processes.

Other isomers could also result from progressive chlorination or dechlor-
ination of lower or higher analogs (Figure 4). However, photolysis in
solution appears to preferentially remove chlorines from the lateral posi-
tions (Buser and Rappe, 1978). Thus isomers substituted at the 2,3,7,8-
positions are not likely to be formed from higher PCDDs by the action of
light.

TOXICOLOGY OF CHLORODIOXINS

Acute Oral Toxicity

The acute oral toxicity of several PCDDs hes been investigated in guinea
pigs, rats and mice (Schwetz et al., 1973; McConnell et al., 1978b).
Table 2 lists the amount of chemical which would be expected to cause
death of S0% of the animels within 30 days after administration of
various isomers as a single dose by stomach tube in each species which
has been tested. (Large numbers meen low toxicity and small numbers
indicate high toxicity.) In all cases, guinea pigs were more sensitive
than rats, and rats were more sensitive than mice.

The degree of toxicity is highly dependent on the number and position of
the chlorine atoms. The lateral positions at 2,3,7 and 8 must be chlori-
nated to achieve the greatest toxicity. Additlonal chlorine atoms at the
peri positions 1,4,6 and 9 reduce toxicity but not nearly to the degree
caused by deletion of one or more chlorines at the lateral positionms.

The toxic symptoms produced by single doses of the various isomers are
gsimilar if not identical -- the only difference is the amount of the
isomer required to produce a given effect. The effects of single lethal
doses of TCDD in guinea pigs, mice and female monkeys are compared in
Table 3 (McConnell et al., 1978a,b; Moore 1978). Typically there was an
almost immediate dose-related effect on body weight, with loss of up to
50% in weight prior to death. Only monkeys exhibited cutaneous lesions
comparable to the chloracne observed in humans, such as in some of the
children accidentally exposed to TCDD following a runaway reaction in a
trichlorophencl plant at Seveso in Italy in 1976 (Reggiani, 1978).

Enzyme Induction

The ability of variocus PCDDs to induce enzyme production-is also corre-
lated to structure in much the seme way as acute toxicity. The 2,3,7,8-
TCDD has been shown to be a potent inducer of S-aminoclevulinic acid
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synthetase (ALA) and aryl hydrocarbon hydroxylase (AHH). ALA is the rate
limiting enzyme in the synthesis of heme and porphyrins while AHH is an
enzyme which catalyzes hydroxylation of compounds such as benzo(a] pyrene,
a known carcinogen in humans.

The effect of PCDDs on these enzyme systems has been investigated by
injection of p-dioxane solutions of 15 congeners into chick embryos
(Poland and Glover, 1973b). Data ocutlined in Table 4 show a well-defined
structure-activity relationship, requiring halogen atoms in at least
three of the four lateral positions and at least one nonhalogenated ring
position to cause induction of both enzymes in chick livers. The 2,3,7,8-
TCDD has been reported to be at least three orders of megnitude more
potent than any other compound known to produce experimental porphyria
(Poland and Glover, 1973a). However, there was no significant increase
in ALA synthetase activity nor porphyrin accumulation in mice given four
weekly doses of 1 or 5 ug/kg TCDD (Goldstein et al., 1973).

Induction of AHH by 23 halogenated isomers has also been studied in vitro
using rat hepatoma cell cultures (Bradlaw et al., 1976). Table 5
compares the concentration in picomoles required to cause 50% of maximum
induction of AHH activity in this system.

The dose-response relationship for 2,3,7,8-TCDD induction of AHH in liver
of female rats has also been studied (Kitchin et al., 1978). The single
oral dose EDgp was 0.62 ug/kg and the lowest dose which significantly
increased activity was 0.002 ug/kg. Radiotracer experiments using
3E-TCDD indicated that 1.1% of this minimal dose was incorporated per
gram of liver at 3 days after administration. The authors estimated that
this amounted to about 65 molecules per hepatocyte. Induction of ARH
activity per se may not be a toxic response, but its correlation with
toxicity suggests that this response is in some wey & clue to the
mechanism of the toxic action of 2,3,7,8-TCDD and its congeners (Poland
and Gover, 1978).
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Chick Edema Disease

An extensive outbreak of a disease in broiler chickens in 1957 led to the
discovery that PCDDs in toxic fat added to feed could cause excessive
fluid to collect in the heart sac (pericardium) and the abdominel cavity
of chicks (Firestone, 1973). Table 6 summarizes the results of bioassays
for chick edema in which the test chemicals were fed to chicks for

21 days beginning at 3 days of age (Schwetz et al., 1973). Positive
effects were produced by 2,3,7,8-TCDD at 1 and 10 ug/kg per day, and by
mixed hexachloro isomers at ten times these levels, with all chicks dying
at the higher dose in each case. On the other hand, little effect wes
produced by the octachloro isomer, even at 0.5% in the diet equivalent to
about 500 mg/kg/day. :
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Chloracne

Classical chloracne is a hallmark of exposure to certain PCDDs in humens
(IARC 1978). It is a form of acneform dermatitis which is occupationally
related to the manufacture of chlorcphenols, chloronaphthalenes, poly-
chlorinated biphenyls (PCBs), and related compounds. A bioassay to
evaluate the potential for a substance to cause chloracne is conducted by
painting solutions of the test substance on the inner ear of rabbits and
cbserving the degree of hyperkeratosis produced.

Table 7 summarizes the results obtained with PCDDs containing from two to
eight chlorines. A solution containing 0.04 ppm 2,3,7,8-TCDD caused a
positive response when 0.l ml was applied five days per week for four
weeks. However, a concentration of S000 ppm was needed to elicit a
positive response with a mixture of 1,3,6,8 and 1,3,7,5-TCDDs (Dow
unpublished data). The reaction produced by a 10 ppm solution of mixed
hexachloro isomers was likely due to the presence of isomers substituted
at three or four key positions. The 2,7-dichloro and octachloro isomers
wvere negative when tested as chloroform extracts from 10% suspensions
indicating they have little or no acnegenic activity (Schwetz et al.,

1973).

Fetotoxicity and Teratogenicity

- _. The relative potential of several PCDDs to cause teratogenic or fetotoxic
. effects has also been studied. In these investigations, the chemicals

were administered to pregnant animals by stoamach tube daily during the
critical period of development of the fetuses. In rats, this was
generally on days 6 through 15 or 16 of the 21 day gestation period.
Table 8 compares the findings in studies conducted in rats in Canada
(Khera and Ruddick 1973) and by Dow (Schwetz et al., 1973; Sparschu et
al., 1971). The absolute values for 2,3,7,8-TCDD in the two studies
depend on the strains of animals used and on minor differences in experi-
mental conditions. It is epparent that the 2,7-dichloro and the octa-
chloro isomers are relatively innocucus. The potential for 2,3,7,8-
TCDD to cause felotoxic effects is relatively great, provided there is
significant exposure to this specific isomer.

Effects in Monkeys

Studies have also been conducted in a limited number of female monkeys.
The results of three studies by Allen's group in Wisconsin are summarized
in Table 9 for 15 adults fed 2,3,7,8-TCDD at 500 parts per trillion (ppt)
in the total diet for 9 months (Allen et al., 1977; Barsotti et al.,
1979), or at 50 ppt for up to 2 years (Schantz et al., 1979); and for two
Juveniles fed the 1,2,3,6,7,8-hexa isomer at 5000 ppt ror up to 10 months
(Allen et al., 1979).
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Preliminary data have also been reported for a study in Oregon where
eight pregnant monkeys were given 2,3,7,8-TCDD by intubation three times
per veek for three weeks with little or no food during the critical
stages of gestation (McNulty, 1978). Total doses administered ranged
from 0.2 to 5 ug/kg of body weight as nine relatively large doses at two
to three day intervals. These were equated by the author to levels of
200 to 5000 parts per trillion in the diet (Table 10). However, the
effects from individual large doses without food are likely exaggerated
compared to what might occur from slow assimilation of the same total
dose from the diet.

Carcinogenicity Studies

The International Agency for Research on Cancer (IARC, 1978) listed

24 ongoing long-term carcinogenicity studies on PCDDs (Table 1l1). To
date, only two of these studies have been reported (Kociba et al., 1978;
NCI, 1979).

The results of biasssgys conducted with 2,7-DCDD in rats and mice were
reported recently by the U.S. National Cancer Institute (Table 12).

Under the conditions of the study, it was not carcinogenic at 5000 or
10,000 parts per million in the diet of rats of either sex or for female
mice. The marginal increased incidence of combinations of tumors in only
male mice was considered "suggestive" of a carcinogenic effect in these
animals. Thus, 2,7-DCDD has an extremely weak potential for causing
cancer (NCI, 1979).

PiTasemoa

Table 12 also summrizes the results of an extensive study by Dow on
2,3,7,8-TCDD in a total of 472 rats of both sexes (Kociba et al., 1978).
It is interesting that contimious administration of TCDD at 0.1 ug/kg/day
for 2 years caused an increased incidence of tumors in the liver, lungs,
palate, nasal turbinates and tongue, and a dramatic decrease in the
incidence of tumors in mammary glands, uterus, adrenals, pituitary and
pancreas compared to the normal incidence for these sites in Spregue
Dawley rats.

Positive findings were also reported for TCDD in rats in a study
conducted by Allen's group at the University of Wisconsin (Van Miller et
al., 1977). However, they used only 10 mle animals per dosage level and
their experimental design wes deficient in meny respects. Thus, their
conclusions about effects produced at dosage levels below 1000 ppt TCDD
in the diet are not valid (U.S. EPA, 1979).

Mutagenicity Studies

Available data on the genetic toxicology of chlorinated dibenzo-p-dioxins
have been reviewed (Wassom et al., 1977/1978). No definite conclusions
could be made about potential mitagenicity since only four compounds were
evaluated: ynsubstituted dibenzo-p-dioxin, the 2,7-dichloro isomer,
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2,3,7,8-TCDD, and the octachloro isomer. However, the positive mutageni-
city and cytological effects reported seemed to depend on the position of
chlorine substitution, and the most active form was 2,3,7,8-TCDD, as in
other studies. :

Metabolism

Primary metabolism of dibenzo-p-dioxins in rats is by hydroxylation, and
appears to take place exclusively at the 2,3,7, or 8 positiecn in the
molecule (Tulp and Hutzinger, 1978). Thus, detoxification by hydroxyla-
tion would likely be delayed by substitution of chlorines at all four key
positions.

In the case of 2,3,7,8-TCDD, little or no metabolism has been noted in
studies reported to date (Piper et al., 1973; Vinopal and Caside, 1973;
Fries and Marrow, 1975; Rose et al., 1976; Allen et al., 1975; Van Miller
et al., 1976). Unchanged compound was excreted in the feces with a whole-
body half-life of about one month. Most of the total body burden was
found in the liver and fat, and was unchanged TCDD. Data from a l%
study in rats indicate that a steady state concentration of about

20 times +the dosage level would be reached with 13 weeks of contimious
administration ‘(Rose et al., 1976).

Analyses for TCDD in tissues of rats from the Dow 2-year feeding study
suggests that TCDD levels are higher in liver than in fat when dosage
levels are high encugh to cause toxic symptoms (Table 13). It should be
noted that the amount accumulated in liver was only about 2.5% of the
total amount fed to the animals over the 2-year treatment period.

PERSPECTIVE OF HAZARD FROM EXPOSURE TO DIOXINS

The relative toxicity of various dioxins has been reviewed. The hazard
due to the presence of these compounds in the envirorment is also rela-
tive, and is a function of exposure to them as well as of their inherent
toxicity.

Available data indicate that 2,3,7,8-TCDD may be the most toxic simple
molecule known to men -- perhaps ten times more toxic than aflatoxin By
(Harris, 1978). Thus, great care should be taken to avoid human expo-
sure, particularly during synthesis or experimental investigations
involving the chemical itself. However, as reported by others in this
symposium, the potential for exposure to residues of 2,3,7,8-TCDD in the
environment is extremely low. '

Dr. Bosshardét has discussed the work of Rappe et al., and of the need to
differentiate among the varicus polychlorinated dibenzodioxins (PCDDs)
and dibenzofurans (PCDFs) which can form during burning of chlorcphenols
or polychlorobiphenyls (PCBs). Dr. Harless has also discussed the need
for great specificity and sensitivity of analytical methods used in
analyzing for TCDD in samples collected for monitoring purroses.
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Dr. Crummett has reported negative findings in monitoring studies for
TCDD in a variety of likely substrates using a GC/MS method developed by
Stehl et al., with low part per trillion sensitivity. The results of
these analyses have been reported for samples of beef fat (Kocher et al.,
1978); cow's milk, (Mahle et al., 1977); fish, human milk, rice, water,
and soil (Shadoff et al., 1977), all collected from areas where the herbi-
cide 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) had been used for up to
30 years for control of weeds and brush.

Dr. Wipf has reported the levels of TCDD in soil and crops from thke
Seveso ares in Italy, both shortly after accidental release of a
relatively large quantity of this toxic chemical during a runaway
manufacturing reaction in 1976, and one and two years later. His data
demonstrate that there is little potential for uptake of residues by
plants from scoil contaminated with TCDD.

The relative hazard from exposure to TCDD near Seveso is infinitely
greater than from potential low level exposure in areas treated with
2,4,5~T. For example, the maximum residue found in Seveso was 15.8 parts
per million TCDD in a sample of grass collected near the factory. In
contrast, application of 2,4,5-T containing the maximum permissible level
of 0.1 ppm TCDD at a rate of 1 1b/A (1.1 kg/ha) would result in a residue
of only about 10 parts per trillion TCDD in/on the grass at the time of
treatment, and such residues would decrease with a helf life of less than
one week (Getzendaner and Hummel, 1975). Numerous studies have demon-
strated that TCDD undergoes photodegradation within a few hours in the
presence of hydrogen donors such as the herbicide carrier (Crosby et al.,
1971; Crosby, 1977; Crosby and Wong 1977; Botre, 1978; Plimmer, 1978).
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Contaminetion of soil would also be orders of megnitude less than at
Seveso. For example, the maximum amount of TCDD deposited during treat-
ment with 2,4,5-T at 1.1 kg/ha would not exceed 0.0l microgram per square
meter of horizontal surfece, amounting to less than 0.1 part per trillion
TCDD in the top 3 inches (7.6 cm) of soil. On the other hand, the
highest level of contamination at Seveso was 5000 ug/m?, equivalent to
about 50 parts per billion TCDD in soil. Similarly, analyses of soil
fraom a horse arena in Missourl revealed a level of 33 parts per million
TCDD, as a result of spraying waste oil containing more than 300 ppm TCCD
and very large quantities of 2,4,5-trichlorophencl.

Symptoms of toxicity were observed in humans exposed to these high levels
of TCDD. The chief symptom at Seveso was chloracne in 22 children who
were heavily exposed (Reggiani, 1978). Similarly, one child was affected
in Missouri (Carter et al., 1975). In both cases a large number of
animals died from exposure to the toxicant. However, it is highly
unlikely that the extremely low levels which might result from use of
2,4,5-T herbicide would cause any significant effect.
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CONCLUSION

A number of studies with various PCDDs confirm that the inherent toxicity
of the compounds 1s greatly enhanced by substitution at the four lateral
positions. Since hydroxylation is generally a detoxification process,
and takes place exclusively at the 2,3,7 and 8 positions in dioxins,
substitution of chlorine at all four key positions in TCDD may prolong
its half life sufficiently in animmls so that much smaller doses are
toxic. It should also be noted that, although TCDD tends to bicaccumu-
late in liver and fat, the amount retained by animels is only a smell
fraction of the total dose ingested over a long period of time. Thus the
hazard from eating immeasurably small residues in food would be infinitely
slight.
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Table 1. Number of Polychlorinated Dibenzo-p-dioxins
(PCDDs) Possible from Condensation of
Polychlorinated Phenols.

_ Number
Chlorophenols Dioxins 2@ Possible
Di + Di Di 10
Tri + Di Tri 14
Tri + Tri Tetra : 22 8
Tetra + Tri Penta 14 W
~1
e
Tetra + Tetra ’ Hexa 10 g
' ™
Penta + Tetra Hepta 2
Penta + Penta : Octa 1
TOTAL 75

2 rotal number of chlorines minus the two which are removed
during bimolecular condensation of chlorophenates to
predioxins and internal ring closure to form dioxins.

?54
0002248



£€032.eM0O0a

Table 2. Acute Oral Toxicity of Polychlorinated Dibenzo-p-
dioxins as Dose Expected to Cause Death of 50% of

the Animals within 30 Days.

PCDD

Acute Oral LD50, ug/kg Body Weight

Mixed isomers

Hepta 1,2,3,4,6,7,8

Octa 1,2,3,4,6,2,8,9

a3 McConnell et al, 1978.
b gschwetz et al., 1973.
€ Dow unpublished data.

G. pig @ Rat P Mouse @
51,000,000 2,000,000
>300,000
30,000 >3,000
>100,000 €
0.6 b 22 (M)
2.1 b 45 (F)
2 280
3 340
1,100 >5,000
73 825
70-100 1,250
60-100 >1,440
100,000
>600
>1,000,000 >4,000,000

7265
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Table 3. Comparison of the Effects Produced by a Single
Lethal Dose of 2,3,7,8~TCDD in Guinea Pigs,
Mice and Female Monkeys. 2

Effect Noted

Body weight loss

Thymus involution

Spleen reduction

Bone marrow hypoplgsia
Liver degeneration

Bile duct hyperplasia
Testicle degeneration
-Renal pelvis hyperplasia
Urinary bladder hyperplasia
Adrenal cortical atrophy
Intestinal hemorrhage
Adrenal hemorrhage
Peritoneal edema

Cutaneous lesions

G. pigs Mice Monkevs
o+ ++ et
e+ ++ +++

+ + +
++ + +
- I -
+ + +++
+++ ++ b
++ - +
++ - -
++ - -
+ + -
-4 . - -
- -+ +
- - +++

2 McConnell et al., 1978 a,b; Moore, 1978,

b Not applicable for female monkeys.

7768
0002250
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Table 4: Induction of §-Aminolevulinic Acid Synthetase
(ALA) and Aryl Hydrocarbon Hydroxylase (AHH) in
Liver of Chick Embryos by Injection of Chloro-
dioxins into Eggs. @

Chlorodioxin ALA AHH
Unsubstituted - -
Mono 1 - -
pi 2,3 - . -

2.1 - -
28 - -
Tl‘i 1’3,4 - -
2'3'7 b e
Tetra 1,2,3,4 - -
1,3,6,8 - -

272:1:2 -+t bt
Penta 1,2,3,4,1 ++ ++
Hexa 1131_3_14 1118_ . ++ L

11214161119 (90%) t +
OCta 1’2'2'4'6'1'1'9 - -

@ poland and Glover, 1973b.

0002567



Table 5.

In Vitro Induction of AHH in Rat Hepatoma Cell

Cultures by PCDDs, as Picomoles Required to Cause

50% of Maximum Response. 2

Chlorodioxin

Unsubstituted

pi 1,3 or 1,6
2.3 or 2,8

07

Tri 2,

jw
-
1

Tetra

- - - - -
SLut Lot pol Wikpy
- - - - - -
~Aal-aw o
- - - - - -
100J 00 00§ C0J 0O i

1IN 4 0 1
-»

[IN1NTTN)

- - -

lwiw &

- - »

< ala

- W W W

2 pradlaw et al., 1976.

- % N

jool~aloo

[ISTT, 1 ST N
- - - - -
joo Wl W v

chloreo

o
2]
O
8

'ﬁ] Predioxin

EDS0 (p mol)

Negligible
Negligible

Negligible
Detectable

Negligible
Negligible

Detectable

Negligible

Negligible
Detectable

at

at
at
at

at
at

at

at

at
at

5,000

5,000
5,000
500

4,600

5,000
5,000
3,300
114
1.08
3.64

500
121
20.5

50,000

5,000
500
701

84.5
49.9

3,790
129

3,400

9022 LEMOQ
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Table 6.

Production of Chick Edema Disease by

Feeding PCDDs to Chicks for 21 Days. 2

Chlorodioxin

Tetra 2,3,7.,8

Hexa (2 isomers)

Octa 1,2,3,4,6,7,8,9

8schwetz et al., 1973.

ug/kg/day
21 Days

positive at 1 or 10
positive at 10 or 100

negative at 0.1 or 0.5 x 106
(0.1 or 0.5% in diet)

??é?g
0002253



Table 7.

Chloracnegenic Potential of PCDDs as Measured

by Concentration Reguired to Cause Rabbit Ear
Hyperkeratosis, &

Chlorodioxin Response - PpPm
Tetra 112'-'4 - 50
1'3'6’8 - 50
= =4 mixeg b
1,2,1,9 + 5000
2,3,7.8 - 0.004
+ 0.04
Hexa (2 or 3 isomers) + 10
octa 1'2'2'4’6'21219 - >100,000

2 schwetz et al., 1973.
b Unpublished data for mixture of

1'3,6'8 and 1,3’7'9-TCDD isomers.

. 77?0
0002254
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Table 8. Comparison of Effects Produced by PCDDs in Two

Teratologic Studies in Rats (in Canada 2 and
by Dow P).

Chlorodioxin ug/kg/day Effect
Mono 2 2,000 Slight
Di 3,1 2,000 Slight
3,3 2,000 None
Tetra 1,2,3,4 800 None
2'3'2'2 0.125 None
: >0.25 Edema, hemorrhage
>1 Fetotoxic
Toxic to dams
4 Embryolethal
pi 2,7 100,000 None
Tetra g,g,z,g 0.03 None
>0.125 Loss in weight
Edema, hemorrhage
Hexa (2 isomers) >10 Fetotoxic
Octa 1,2,3,4,6,7,8,9 100,000 None

2 Rhera and Ruddick, 1973.

b sparschu et al., 1971; Schwetz et al., 1973,



Table 9. Observations in Female Monkeys Fed 2,3,7,8-TCDD or
1,2,3,6,7,8-HCDD in Diet for up to 2 Years.,

ppt in Months
Diet Fed

50 @ 24

500 b 9

4 gschantz et al., 1979.

Total

vg/kg

80-85

Effects Noted

2/8 showed slight

effect around eyes;
6/8 conce%ved; only
2 bore normal young

5/7 died; 2 aborted;
3 failed to conceive;
1 unaffected, bore
normal infant;

0T22LEMOA

1l recovered and later
bore normal infant

2/2 died, Symptoms
similar to 500 ppt
2,3,7,8=TCDD but less
severe., Animals were
juvenile§ so not bred.

b Allen et al., 1977; Barsotti et al., 1979.

€ Allen et al., 1979.

7
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Table 10. Effects of 2,3,7,8-TCDD in Pregnant Monkeys Given Three
Doses per Week for Three Weeks by Intubation, 2

Dosage Total Dose Dietary No, of
Rate in 3 weeks Equivalent Abortions Maternal
(ug/kg/dose) ug/kg) (ppt) vs. total Effects
0 0 0 0/4 None
0.022 0.2 200 1/4 None
0.11 1.0 1000 3/4 None in 3. One had
slight chloracne
months later.
0.55 5.0 5000 2/2 Both well at end of

3-week treatment
‘period. One died

7 weeks later and
one died 14 weeks
later. Both had
chloracne and other
signs of toxicity
due to TCDD
exposure,

& McNulty; 1978,

? .
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Table 11. Long-Term Carcinogenicity Studies on PCDDs
Currently Underway or Recently Reported. &

Chlorodioxin Diet Gavage " Skin
Unsubstituted Mouse Mouse
Rat +DMBA @
Di'g,z Mouse b Mouse
Rat b +DMBA
Tri 2,3,7 - Mouse Mouse
' : Rat
Tetra 2,3,7,8 Rat © Mouse Mouse
Mouse
Rat
Hexa 1,2,3,6,7,8 Mouse Mouse
Rat
. 1,2,3,7,8,9 Mouse Mouse
Octa 1,3,§,4,6,Z,§,9 Mouse Mouse
Rat

2 IARC, 1978.

b y.s. National Cancer Institute, 1979.

€ Rociba et al., 1978; Van Miller et al., 1977.
@ pimethylbenzanthracene.

Py
§ f}’»
774
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