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I. Background and His:cory

DyfonateR is the U.S. tradename for ﬁhe organophosphate
" insecticide O-ethyl S-phenyl ethylphospiionodithioate having a

structural iormula as shown below:

| O 1I/OC2H§ '
Q' " CaHg

This insecticide waa introduced commercially in 1967
by the Stauffe< Chemical Company. It is primarily a non-
syétemic soil insecticide with one registered foliar use.

II. Regulatory Aspects

DyfonateR is ragistefed for use agalPst soil insects
atiacking tobacco, curn, turf, peanuts,kIfish and sweet pota-
toes, onions,‘cola crops, sugaréane, sugar beets and several
crops of lesser importance. _

Formulations cuirently available are.an emulsifiable
llquld containing 4 1b of actlve ingredlent per gallon, and
four granular formulations (2 5, 10 and 20% actlve 1ngred1ents)
In addition, Stauffer offers a comblnatlon product in whlch

R

vDyfonate is combined with a selective herbicxde pebulate

(Txllam ) at the ratio of 1 1b of Dyfonate plus 4 lb of

e
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MANUFACTURING INFORMATION IS NOT - INCLUDED

TillamR active ingredients per gallon. The 2% and 5% granules
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The other formulations are labeled and recommended for use on

certaln agricultural crops by 5011 appllcatlon.

-~ Current U.S. tolerances for DyfonateR are 0 1 ppm (negllgl-

ble residue) for fruiting vegetables, seed and yOd vegetables,

leafy vegetables, beans, peanuts, corn and .soybeans (lncludlng
grain portions as well as fodder and forage portlons) Asparagus
has a tolerance of 0.5 ppm. All tolerances 1nclude not only
the parent pesticride but also the oxygen analog.

An acceptable da;ly lntake (ADI) has not been established
for DyfonateR
III. Manufacture and Analytical Methods

»

Stauffer is the only basic producer of DyfcnateR in the

~

United States.

R contalns
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chromatography fo: final clean-ﬁp. - (PAM II 1967).
S—

DyfonateR and its oxygen analog can be anclyzed by GLC f
- !

UDhily @ Ldlaius LURLidYiide WS eCLLul . whtaTup pLiulcQUlles 104

residués of both compounds include liguid=-liquid partition

chromatography to remove oily materials and silicic acid .} -

IV. Toxicity Studies .

Generai Toxicity:

DyfonatéR is an organophosphate insecticide which is %

-metabolized to tha toxic oxygen analog in mammals. Signks of

acute byfonateR poisoning are similar in mcst animals and

include diarrhea, excessive urination,. tremors, ataxia,

salivation, fasciculation, lacrimation and excessive masticatory

movements (Horton, 1966a, 1966¢c, 1966e, Meyding 1965, Wright

"-and Beliles 1966) which are symptoms common to cholinesterase

_ inhibiting pesticides.

The acute oral LDg, of techni;ai DyfonateR rangés_from

3.16-mg/kg to 17.5 mg/kg for rats, females being almost twice

as sensitive as males (Horton 1966a,b, Ray-1963 'Meyding 1960,

"1965). The acute oral LD50 of technical Dyfonate for dogs

is 3 to 4 mg/kg (Woodard, 1966). In acute dermal studles with

R ranged from 35 to

rabbits the LD5 of technical Dyfonate
121 mg/kg and the dermal LD50 of the 10% granular formulatlon

was 215 mg/kg (Horton 1966a,b,c, a; Johnston 1963)

r
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Acute LDso's for technical DyfonateR administered in-
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chickens (Wright and Beliles 1966). 1In an acute inhalation

study w1th rats a one hour ILCg, of 1 3 m /1 was rec ded £for the dust

(flnes) for a 10% granular formulatlon (Bellles 1966). e

In a comparatlve acute oral tox1c1ty study of’Dyfonate

oxygen analog were much less toxic than the parent compound‘
(McBain et al., 1970). | \

_ Atropine plus pralidoxine chloride has been shown to be an
effective antidote in rats (Wright & Bellles, 1966), and thls
treatment is recommended on the’ label.

In subacute oral toxicity tests, cholinesterase'levels

R and

. were reduced in rats fed 100 ppm techuical:6§fonate
in beagle dogs fed 240 ppm technlcal DyfonateR.~ In subacute dermal |
studles w1th rabbits treated w1th 10% granvlar DyfonateR,

Horn et al., (1969), classified the product as mildly irri-

'tating. Death was observed 1n 3 of 10 rabblts at 70 mg/kg

and 'y of 10 at the low dose, 35 mg/kg.“/&

In 2 year feeding studzes w1th rats and dogs,‘a no effect;
level was established at the 1owest dosage levels tested,
10 Ppm & 8 ppm respectively (Banerje et g&., 1968;,Woodard,
éE al., 1965a). No increase in the incidence:of tumorsyﬁas

reported in either study. | .

7 ,(’/ i, },’



A 10 mg dose of the 10% granular formulation instilled

into ‘the- eyes of albino rabbits was con51dered a necllglble

“irritant (Horton, 1966a). Death of all tes ted o

after instillation of 0.1 ml dose of undiluted material into

" the eyes of albino rabbits (Johnston 1963).

Toxicity to Fish and Wildlife:
Laboratory studies indicate that DyfonateR is highly
.toxic to flsh. Bellles et al., (1966) reported that rainbow
trout had an Lcso (96 br) of 0.050 ppm fcr technical DyfonateR
and 2.8 ppm for 10% granular DyfonateR within a temperature
range of 16.7-18.3°C. Blueglll tested at 24.4- 25 6°C, had an
LCSO (96 hr) of 0.029 ppm for technlcal DyfonateR and 0 32

ppm for 10% granular DyfonateR. Blueglll exposed to DyfonateR

" yielded a maximum concentration of accumulated 14C--res:.due
from 21 to 35 days after exposure (Slelght, l972b) which was
approximately 150 times the concentratlon 1n the water.

After. transfer to clean water, approxlmately 6'

Qf the residue
was ellmlnated within 24. hourS-egﬂfﬁl .

In laboratory studles, Schafer et‘al (1972)kfound ”'j’

: LD50 values of 10 mg/kg when DyfonateR was admlnistered orally
to redw1nged blackblrds. Dletary admlnlstratlon of DyfonateR
for 5 days produced LD50 values of 133 ppm for bobwhzte gquail
and 1,222 ppm for mallard duck (Health et al, 1972). The granular

formulation appeared to be less toxic to bobwhite quail than

v f 2
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technical DyfonateR. Japanese qua_‘ receiving up to 26 ppm
techncial DyfonateR experienced no differences in gross
appearance, behavior, body weight, egg production or body
._residues when compared to controls (Kamiensk 1973).
Midwes* Research Farms (1974) concluded that Dyfonate®
had no effect on ring—necked pheasant under field conditions.
Data are not available regarding the effECtéﬁbf‘DyfonateR
oc honey bees and other beneficialyiﬁcgcfg}Nnﬁafcgitéctand
predators. |

Metabolism:

The metabol.ism of~DyfcnateR is similar in plants and

animals. DyfonateR

can be converted to'its oxygen analog
and then enzymatically cleaved to EOP_(éee Figure.I), or
P-S hydrolysis can occur to form thiophenol (PSH) and EOP;
the former is in turn methylated to form methyl phenyl
sulfide (MSP). A&ditioﬁcl oxidation of MPS cheh occurs to
form methyl phenyl sulfone (MPSOZ) which in cﬁrﬁ can be
hydroxylated in the 3 or 4 position to form 3-OH—MPSO2 or

4-OH-MP802 Conjugation of the hydroxylated products as

'sulfates or glycosides can then occur (Menn,  “
O—Demethylatlon appears to be of llttle SLgnlflcance in

mammalian metabolism (Menn, 1971).
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The major excretion products of DyfonateR were composed of

. ETP, EOP, 3-OH—MPSOZ. Analysis of rat feces showed major pro-

" ducts of excretion to be undegraded Dyfonatea, MPsozﬁand

an unidentified polar metabolite. Smaller amounts of ETP and

EOP were also excreted (McBain et al., 1971)‘
Rats were shown to excrete an average of 88% of‘elther an

oral or an 1ntraper1toneal dose within 48 hours. Excretlon

occurred predominantly through the urine and feces 96 hours
- after dosing with ‘5 —nyonateR. Nearly 53% of the dose was
accounted for in the urine, 32% in the feces, 2% in expired
air and less than 1% in the tissues. During the interval
from 2 to 16 days, an average of 99+%'of the radiolabeled -
V'res;dues of 3ss-DyfouateR were elimiuated-fromlall tissues
and organs. A | | d

Detectable levels of 14c residues were uot found from
rats treated with 14C—ethoxy-labeled Dyfonate 15 days a‘ter
treatment with a single oral or 1ntraper1toneal dose, J(Heffman,
et al., 1971) o LN

Reproductive Effects:

" NO evidence of reproductive effects was found in rats in

one 3 generatlon study of DyfonateR at levels up to 31 6 ppm.

Neurotox1c1tv-

Doses of 0-20 mg/kg/day of DyfonateR were fed to adult hens for 46

days. A slight focal demyelination of the peripheral nerve




was seen in 1 of 10 birds at the 20 mg/kg/day feeding level.
- No adverse effects were noted at 0, 2 or 5.32 mg/kg/day

(Woo&ard; 1966). Another neurotox1c1ty study showec no changes

"which were visible at necropsy 14 days after a 51ng1e

" intramuscular dose up to 50 mg/kg. (Wright & Beliles, 1966).

' Accident Reports"

Accidental exposures to DyfonateR are recorded by the .

1

EPA Pesticide Episode Review Systeﬁ (PERS). Eight Dyfona,teR
episodes are included in the computerized data through Januvary
1974, and 6‘additional_episodes.bave subsequently been re-
ported. Apérpximately two-thirds of these episodes involve
human exposure. .

The death of one raccoon and suvéfal fish (no species
-.available) occurred following a spill of 2 gallons of 46.8%
- AL DyfbnateR into a pond.(;PA, 1974).'-In'a second inci@ent,
several gallons of 4EC DyfonateR spilled into a pond, killing
an estimated 648 red sided shiners, squawfish, bluegills and
brown. bullheads (EPA, 1973). 1In addition, one frog and an
estimated 1,500 angleworms were found dead. Acc1dents of
this nature should not occur if label speciflcatlons, whlch

R

warn about keeping Dyfonate out of bodies of water, are

followed.
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V. Use
For 1974 it was@tjmated that about 80% or approximately

active ingredient was used on corn.
The remainirg 20% sed on potatoes, sugar beets, tobacco,

R

) 3 ] A
Regional distr: on of Dyfonate™ in 1974 was estimated

to be heavily cohé' ated in the North Central states, which

2 ern states accounted for about 10% of the .
g;’ . DyfonateR used, w he remaining sﬁall.propo;tion distributed
§.. among other regio?g R estimates).
@ . VI.- Economics - ’
§= uced domestically by a single manufacuturer:
g; ompany. Theﬁchemical‘WAS market introduced
55 ) timate of proau¢tipn-was mofe that
,g% v fctive ingredient (RVR estimageé).

) g . According tofbbegFariff Commission Publications 601 and
Eﬁ 688, there were ports of Dyfona5;R into the»Uﬁitedf :
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States during 1972 and 1973 (U.S. Tariff Commission, 1973

ana 4%i4)

Efficacy and Cost Effectiveness:

Corn - byfonateR control of thé western corn rootworm,
measured by average root damage ratings, ranged from 1.0 to
3.25, where a rating of 2;5 was considefed acceptable control -
(Hills and Peters, 1972; Hills et al., 1972). The best control
was achieved with granular DyfoanteR applied as a preplant treatménﬁ.
In a 1967 Missour? test, this chemical had the lowest root damage
raiings for western corn rootworm control when several insecti-~
cides were tested (Musick and Pairchild, 1968).

The control of the northern corn rootworm with DyfonateR
ranged from 58.6 to 70.2% (Apple gg_gi.,'lgﬁsf, A summary of
several Illinois tests conducted frdm 19§8c£6 1972.éveraged 59.3%

» larval control, a root damage rating of 2.3 relative ta 3.6 for the
check, and a yield increase of 9.3% - (Petty and Kuhlﬁan, 1972;

Kuhlman and Petty, 1973).

COMMERCIAL/FINANCIAL INFORMATION IS NOT INCLUDED
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In a 1971 Illinois experi iment, 40% control of the European

S . - Ol p
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1972) In another experiment 82% and 81% control was achieved

"respectively on the first and second generatlon borers (Harding

et al., 196s).

Other Croos - Dyfonate® was found to bejan effectlve ;

control agalnst the onion maggot and agaznst wireworms in
peanuts, sugar beets, sugar cane, tobacco and potatoes.

DyfonateB

was also an effective control against the sugaf beet
root maggot, the ceobage maggottiand the symphylan in pole
beans, strawberries and\peppermint. _

DyfonateR is a useful substitute for Chlordane-heptachlor

against the corn rootworm, seed corn maggot and beetle, and

-against corn, potato and tobacco w1reworms.'

ViI. Environmental Impact
DyfonateR is only slightly soluble in water {13 ppm

at 22 C) but is miscible with most organlc solvents lncludlng

acetone, ethanol, kerosene and xylene.

Dyfonate has a vapor pressure of 2 1~x‘10 4mm Hg at

35°¢ which classifies it as a hlghly volatlle pesticlde.

Hydrolysis of DyfonateR at environmentallj encoﬁntered
PH's procedes very slowly. A 30 ppm solutlon 1n buffer (pH=7)
at 40° C gave a half-life value of 127 days. (Stauffer, 1971)

- 11 - I - Y3




Chemical oxidation of DyfonateR results in both DyfonateR
oxygen analog and DyfonateR -oxon disulfide (See Figure I).
Dyfonate” -oxon in turn would be subject to hydrolysis to
" O-ethyl ethylphosphonic acid (EOP) and DyfonateR -oxon disulfide
would hydrolyze to O-ethyl ethylphosphonic acid (EOP) and
0O-ethylphosphonothionic acid (ETP). (McBain et al., 1971)

DyfonateR in the presence of sunlight was degraded -
(both in the presence and absence of photosensitizer) on bean
plant surfaces and on silica gel éhrgmatoplates. The rate of
degradation was increased in the presence of photosensitizers.
No identification of photoproducts was made, but the products
resulting from photosensitized degradation on silica gel plates
were not the same as found without sensitizer..'(Hoffman, 1973)

.A stuay conducted.by.Stauffer (Hoffman;gglgi., 1973) in-

R

volving exposure of dilute agueous Dyfonate™ solutions to sun-

light resulted in no findings of photolysié‘prbduéts. Under the

R was readily lost by volatiliza-

coh@itions of the test, Dyfonate
tion. Therefore, volatile photoprogucts,would.not have been deter-
nined. ;:‘V; |

Lichtenstein and Schulz (1970) found that DyfonateR is
rap;dly volatilized from bozh water and 8011—water interfaces.
For example, at 30° an initial soil—water concentratlon of

12.5 ppm DyfcnateR was reduced to 1/2 in only 4.8 days.

- 12 -
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Residues of DyfonateR or its oxygen analog were not
found in milk, or in tissue samples (adipose, muscle, liver

_énd kidney) from lactating cows, which had been fed up to
R A

1.0 ppm Dyfnnate” for 28 days. The levels of detection

were 0.0l ppm in milk and 0.03 ppm in tissue (Stauffer, 1972)

Residues in Soil

Field studies in a number of stoooéwtﬁiigémagi &
Terriere, 1971b; Stauffer Chemical Company, 1l971la; SCholz and
Lichtenstein, 1971) indicated an initial half-life of DyéonateR |
ranging from 36 co 40 days. However,.degradaﬁion after this
initial period was found to proceed more slowly with about
25% still remaining lZO’days post-treatment in éach cf two
.studies (Kiigemagi & Terriere, 197la, Schulz and Lichtenstein,
1971). The rapid initial loss (first 30 -days) aé compared to
slower loss thereafter io possibly relatéd to rapid volatilization‘
" of DyfonateR from the upper surface layers (Lichténstein and
Schulz, 1970), followed by a slower dissipation, mediated by
other factors, including hydrolysis and microbial ‘action (RKiigemagi

'& Terrlere, 1971a).

Schulz and Lichtenstein (1971) and Read (1971) have noted
that DyfonateR residues persxst at a relatlvely constant
level throughout the winter months. Durlng this period,v

mean soil temperatures are sufficiéntly 1ow that volatllization

]
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losses can be considered minimal. An analysis of scil followine

treatment with either 14C-ethoxy or 14C—ring labeled DyfonateR

resulted in the same series of major metabolites as those in

- plants and mammals, namelyi EOP, fTP, EOP-CH3,Adlphenyl disul- -

fide, MPSO, MPSO (See Figure 1)

2° .
- VIII. Specific Areas For Future R

1. Oncogenic studies in a second species of rodent as
required by ths guidelines.

2. Teratology as required by guidelines.

3. In light_of the expected increases in usage of
Dyfonate™ as a result of the cancellation of
Chlordane-Heptachlor, Dyfonate™ is being studied
in the terrestrial-aquatic model ecosystem deve-
loped by Metcalf, et al., (1971). The results of -
the study have not been publishedktoRdate, but pre-
liminary data indicate that Dyfonate® did not
biomagnify in a short food chain consisting of
algae, snails, mosquitoes, and mosquitofish (Metcalf,
1975). Depending on the outcomé of .this experiment,
future research on the biocaccumulation of Dyfonate
in the environment may be undertaken.

IX. . Conclusions ‘ .
> .Although DyfonateR is highly toxic to mammals and
to fish, the compound can be safely uséq‘ﬁhen‘;ébel directipns
are followed. | | WWU ‘ ’i  o

This review indicates that'an“inc#e;éédLVOluhé bécﬁrreﬁtly
vregi;téred uses would not pose an unrgaéﬁnébl§ advé£§§ éfféct |

on man or the environment.
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However, as with other highly toxic organophosphates and
carbamates, it is the opinion of this reviewer that the use
. or granular formulations of DyfonatéR should be encouraged
'while the use of emulsifiable concentrates should be care- =
fully controlled and constantly reviewed by OPP because of tﬁe

high toxicities of the latter formulations.
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